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The Toronto Area Car Ownership Study was conducted to define the state-of-the-art in car 

ownership modelling, to design and administer a longitudinal survey to fulfill the data 

requirements for such a model, to validate the survey results and to conduct preliminary analysis 

on those results. An in-depth retrospective telephone survey design was chosen to allow a 

dynamic nested logit vehicle transactions model to be estimated. The survey was conducted with 

the help of a cornputer aid and was found to produce results consistent with prior beliefs about car 

ownenhip behaviour. Simple univariate analyses were conducted on the data to determine the 

relationship between characteristics of the household and the occurrence of vehicle transactions, 

the choice of vehicle type, the number of years a vehicle is held, and the degree of consumer 

loydty to different types of vehicles. 
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Chapter 1 : Introduction 

The decision to buy a vehicle is one of the most important decisions made by consumers 

in the 20th century. Not only is it one of the most significant financial investments for rnany 

people, it represents a dramatic increase in mobility, access to otherwise inaccessible oppomuiities 

such as employment and shopping, and is ofien viewed as a status symbol. The majority of North 

Amencan households would find great difficulty fùnctioning through their daily lives without the 

one, two or sometirnes three or more vehicles parked in their driveway. There is a reliance on 

automobiles in our society that appears to have been fostered by trends in city developrnent such 

as the sprawl of low-density auto-oriented suburban developments and the introduction of big-box 

retail outlets that are highly inconvenient for other modes of ûansportation. 

The dilemma of the automobile, however, is that while they are of utmost importance to 

our everyday lives, automobiles also have a profound impact on the environment. This impact 

occurs at the micro-level with the accumulation of smog, noise pollution and the use of 

trernendous amounts of land in cities and rural areas, as well as the macro-level, with the emission 

of greenhouse gases potentially leading to global warming and the depletion of fossil fuel 

resources. 

Such impacts have led to increased interest at different levels of government to reduce 

tailpipe ernissions. International agreements such as the Kyoto protocol, which obliges Canada 

to reduce the emission of greenhouse gases by 15% over the next 10 years, create an urgency to 

design govemment policies that will result in significant emissions reductions in the near fiiture. 

It is essential that government policies be designed to e f f i t  real changes in fuel consumption and 

the net emissions ftom vehicles. 

Govement  policies must be rigorously evaluated in advance to maximize their 

effectiveness once they are implemented. One method of evaluation is to create models of the 

system of interest, and to forecast future travel patterns and the resulting emission rates based on 

different economic, dernographic and policy scenarios. The htegrated Land Use Transportation 

and Environment model (ILUTE) is currently being developed at the University of Toronto to 

address the need for a comprehensive modelling system for policy analysis in the Greater Toronto 

Area (GTA). The ILUTE model is a microsimulation mode1 of the GTA that encompasses a wide 

Page 1 



Toronto Area Car Ownership Study: A Longitudinal Surve y and a Prelimïnary AnaIysis of Results 

range of linked submodels dedicated to the individual processes acting in the ui-ban system. A 

simplified framework of the ILUTE model is shown in Figure 1.1. 

Because of the importance of the car ownenhip decision in the household, the impact of 

the decision on the local and global environrnents and the effect of car ownership on other 

household decisions such as home and employment location, the vehicle ownership decision holds 

a central position in the LUTE model. This thesis explores the vehicle ownership decision in an 

attempt to pave the way for future modelling efforts. 

Several major steps have been taken toward the specification of a state-of-the-art mode1 

of vehicle ownership in this research effort. In Chapter 2, a detailed review of the existing 

literature has been carried out to define what the cment state-of-the-art in automobile ownenhip 

modelling is. Chapter 3 is a discussion of essential modelling pinciples and the approaches that 

would be most appropriate for ILUTE vehicle ownership rnodel. Chapter 4 describes the data 

collection effort undertaken to fulfill the data requirements for a statesf-the-art rnodel of vehicle 

ownership. in Chapter 5, a series of cornparisons have been made on key variables between the 

collected survey data and other sources of reliable infornation in order tu validate the survey. 

Finally, in Chapter 6, a series of simple single variable analyses have been carried out to anain a 

preliminary understanding of several aspects of the vehicle ownership decision. Each of these 

contributions are essential components of a ngorous modelling effort and together they represent 

the first stage of a complete automobile ownenhip research program. 
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Chapter 2: Background and Literature Review 

Automobile ownership modelling has a rich history. Specificaily, in the past twenty years 

there has been a large effort to produce models of automobile demand, partially because of the oil 

crisis in the late 1970's and because of increased concem over the effect of automobile ownership 

on trip generation, mode choice and ultimately exhaust emissions. The interest, appears to have 

slowed sornewhat, even though continuously improved cornputation power is allowing for more 

detailed and flexible rnodels with more ngorous techniques for statistical estimation. It appears 

that this is partially because the modelling techniques have matured and that improvements that 

can be made on existing techniques are marginal. 

Nevertheless, an automobile ownership mode1 is an integral part of the ILUTE modelling 

system and a suitable functionai form must be chosen. There are nurnerous issues that must be 

resolved for any specific modelling exercise and these must be resolved with an understanding of 

what has worked and what hasn't worked in the pst .  This chapter reviews most of the relevant 

automobile ownership literature on a variety of modelling approaches taken over the past hventy 

years. The discussion presented here centers around model structure, as opposed to the estimation 

results, because numerical results are specific to databases and are not necessarily transferable 

over tirne or space. Sections 2.1 to 2.4 describe the development and issues surrounding the most 

commonly used and the most mature model structures used in the literature, the logit and nested 

logit models. Section 2.5 outlines several more recent approaches that have been taken. 

2.1 Early Automobile Ownership Models 

2.1.1 Aggregate Automobile Ownership models 

One of the early attempts to model automobile ownership was done by Chow (1957) who 

developed economic stock adjustment rnodels of car ownership, predicting the total national stock 

of automobiles based on aggregate information about consumers in the United States, purchase 

costs, and operathg costs. Tanner and the Transportation Road Research Laboratory, rather than 

using strict economic theory, based aggregate automobile ownership predictions on trend 
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extrapolation methods (Tanner, 1962; cited in Allanson, 1982). These are just two of the major 

early aggregate modelling efforts. 

However, the reliance on aggregate models of automobile ownership has severai 

drawbacks. Che of the most senous is the presence of aggregation bias. If the probability of an 

individual owning a vehicle is a non-linear fùnction of the individual explanatory variables, then 

using averages over large populations would yield a di fferent @iased) behavioural hction. This 

is one of the major reasons for moving toward disaggregate models of automobile ownership. 

2.1.2 Early Disaggregate Automobile Ownership Models 

Disaggregate modelling of automobile ownership has its roots in a study performed by 

Lerman and Ben-Akiva (1976). Lerman and Ben-Akiva anaiyzed the household choices of the 

number of automobiles owned and the travel-mode-to-work in a joint multinomial logit model. 

The multinomial logit model is based on randorn utility theory, which assumes that, given a 

mutually exclusive and exhaustive set of J feasible alternatives, a decision-maker will always 

choose that which results in the highest utility. Utility of alternative i to decision-maker n (UiJ 

is considered to be a random variable, consisting of an observed component Vin and a randomly 

distributed unobserved component E,, as shown in Equation 1. 

The multhomial logit mode1 arises when the E, term is assumed to be independently and 

identicaily distributed (iid) with an Extreme Value Type I distribution, resulting in Equation 2, 

where P,(i) is the probability that decision-maker n will choose alternative i (see Ben-Akiva and 

Lerman (1985) for a complete derivation). Leman and Ben-Akiva's joint model is similar to this 

formuiation except that the decision-maker (the household) is choosing between bundles of 

automobile-ownership level a and mode-!r>-work m, using the logit formulation in Equation 3, 
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where V,, is a linear-in-the-parameters function of variables describing the automobile ownership 

level - travel mode to work bundles. Variables used by Leman and Ben-Akiva included 

transportation level of s e ~ c e  to work, car ownership costs, socioeconomic variables, and spatial 

opportunity variables. 

The use of random utility theory in a disaggregate framework was a notable improvement 

on aggregate modelling of automobile ownership for several reasons. First, aggregation bias is 

reduced because individual households are being modeled separately (Le. models are more 

consistent). Second, by estimating model parameters directly on household observations without 

aggregating them first, a much higher degree of statistical precision is attained without any 

additional data collection effort (i-e. models are more efficient). This added precision allows for 

a larger nurnber of statistically significant variables to be included, allowing a more thorough 

explanation of individual decision-making. Third, random utility theory has a strong behavioural 

base. Hence, it results in more intuitive models and it allows parameter estimates to be critically 

examined during mode1 development because our a priori beliefs about human behaviour are 

strong. 

The number oPvehicles is only one of several components of the automobile ownership 

problem. The introduction of automobile type choice models was brought forth independently, 

but around the same iime by Lave and Train (1979) and Manski and Sherman (1980). Lave and 

Train's study consisted of a multinomiai logit mode1 of automobile type choice with a choice set 

consisting of ten different sizeiprice categories. The types of explanatory variables tested for their 

influence on automobile type-choice included household characteristics, car characteristics, and 

environment characteristics (e.g. the local pnce of gasoline). 

One major problem encountered by Lave and Train was that because car amibutes display 

no variation across households, they cannot enter the model in any rneaningfùl way unless either 

they are interacted with socioeconomic variable to produce a "subjectively-perceived" car 

attnbute, or alternative specific constants are removed kom the model specification. The former 

method was chosen, through the addition of rather non-intuitive varioble combinations such as 
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Auto-weight tintes education of correspondent quontiîy squared. Lave and Train (1979) concede 

ihat 

"the variation in which occurs in [such] an explanatory variable ... is entirely due 
to variation in the socioeconomic variable. Consequently it is questionable 
whether estimated coefficient ... contains any information about the effect of the 
amibure on the choice of the decision-maker, rather than the effect of the decision- 
maker's tastes as captured by his socioeconomic charactenstics" (p. 8). 

Manski and Sherman (1 980) developed multinornial logit models of automobile ownership 

level and automobile type choice. Separate models for automobile type choice were developed 

for one- and two-vehicle households. In addition to the fact that this was one of the earliest 

attempts to bring the two components of automobile ownership together in a single modelling 

effort, there are other aspects of the model that warrant discussion. First, the choice set used is 

much more specific than that used by Lave and Train. In Manski and Sherman's work, each rnake, 

mode1 and vintage are included as separate vehicle type alternatives, summing to a total of 600 

vehicle types in a household's choice set. A household deciding among multiple vehicle bundles, 

then, has rnany more potential options. Second, the parameten of the multinornial logi t model are 

estimated by using a different choice set for each household consisting of25 randomly selected 

vehicle types plus the chosen vehicle. This so-called "pseudo-maximum likelihood" procedure 

has been proven to produce estimates that are consistent, but not asymptotically efficient for 

choice situations that do not violate the independence from irrelevant alternatives (IIA) property 

(McFadden, 1979). Additionally, by having a diflerent choice set for each household, the 

variation of vehicle attnbutes that eluded Lave and Train was realized, allowing the estimation of 

their corresponduig parameters. T k d ,  the concept of transaction cost is introduced, whereby 

vehicle type choice decisions are not only dependent on variables evduated at the current t h e  

period, but also on the current vehicles holdings, which are the product of a decision made one 

tirne period earlier. Final1 y, rather than modelling the choices of multi-vehicle househo lds as 

multiple independent decisions, Manski and Sherman attempt to represent the phenornenon of 

"functional speciaiization". This was done by using as independent variables the sum of specific 

vehicle attributes and the maximum of specific vehicle attributes (termed composite vehicle 

attributes). 
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Manski and Sherman's assumption that households simultaneously evaluate a large number 

of alternatives at once is unlikely to be an accurate representation of the actual decision-making 

procedure; it seems more likely that the universal choice set is first reduced to some manageable 

set of feasible alternatives through the use of simple rules or a more thorough weighing of "class" 

attributes, and then the best alternative is chosen from the reduced choice set. It also seems 

unlikely that the IIA property of the multinomial logit mode1 holds for such a wide range of 

similar alternatives, especially in the multi-vehicle case for which different bundles exist that 

contain common vehicles. However, despite these concems such a mode1 specification has often 

demonstrated a strong empirical validity and it also avoids the problern of assigning artificial 

groupings of vehicles to represent the choice set (Hensher, 1985). 

At this point in the literature, the two major components of automobile ownership, the 

number of vehicles owned and vehicle type, had been identified and the multinomial logit model, 

a model strongly based in behavioural theory, had been used to make a serious attempt to represent 

the multi-attribute decision-making of individual households. Manski and Sherman, however, 

recognized some weaknesses in the approach taken to that point. First, it was noted that the 

number of vehicles owned was being modeled independently of vehicle attributes where, in fact, 

interdependencies were likely to exist. Second, vehicle usage was pointed out as another 

component of household behaviour relevant to ownership decisions that had not been included in 

models to date. The attempts to address these two weaknesses d e h e  a 'second generationt of 

automobile ownership models. 

2.2 Nested Logit Models 

The nested logit model, fomaiized by McFadden (1978), is a generalization of the 

multinomial logit model. It is useful because, while it exploits the convenient computational 

properties of the IIA assumption for large choice sets, it relaxes the multinomial logit model's 

strict requirement of independently distributed unobserved attributes. The nested logit model 

ailows a choice set to be separated into two or more dimensions, creathg a berarchical choice 

structure with lower level choices made conditionally upon upper level choices, as shown in 

Figure 2.1. However, feedback passes hom lower to upper level choice dimensions in the fotm 
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Upper Level 
Choice 

Alternative 
A 

Lower Level 
Choice 

(conditional upon 
upper level choice) 

Alternative 
B 

Alternative Alternative Alternative Alternat ive 
Al A2 B I  82 

Figure 2.1 Nested Logit Model Tree 
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of an "inclusive value" that represents the expected maximum utility of the lower level choice. 

The form of the nested logit model and its significant properties are best presented using an 

exarnple relevant to automobile ownership ( s e  Ben-Akiva and Leman, 1985 for a more thorough 

treatment of the theory). 

One of the early applications of the nested logit model in automobile ownership modelling 

was Berkovec and Rust's study of automobile type c hoice for one-vehicle households (Berkovec 

and Rust, 1985). Here, the household's decision of vehicle type is modeled as a two-level choice. 

On the upper level, a class of vehicle @), disthguished by vehicle age and size, is chosen; on the 

lower level, a specific make, model and vintage (j) is chosen conditioned upon the choice of 

vehicle class. The nested Iogit choice probabilities are as shown in Equations 4 through 6. 

where: 

Pbj = probability a household chooses class b and make 1 model 1 vintage j, 
P, i b  = probability a household chooses vehicle j conditional upon choice of class b, 
Pb = probability a household chooses class b, 
1, = log [x,,, exp {zbjp/ûb}] = inciusive vdue for automobile class b, 
8, = dissimilarity coefficient measuring the degree of correlation of {E~,} for jeA,, 
zbip = linear-in-the-parameters function defining the observed utility of vehicle j, 
y,a = linear-in-the-parameters function defining the observed utility of class b. 

Because Equations 5 and 6 both exhibit the same form as the multinomial logit model, it is 

apparent that the IIA assumption applies locally for both the class choice and the conditional make 

/ model 1 vintage choice. However, it does not apply across d l  make 1 model 1 Witages in the 

entire choice set. Essentially, the nested model assumes that there are relevant unobserved 

attributes common to al1 make 1 rnodel 1 vintages within the same class in addition to the 

unobserved atûibutes specific to each make 1 model 1 vuitage. 

Full information maximum likelihood estimation of the neaed logit rnodel is 

computationally bmdensome. Hence, Berkovec and Rust employ a sequential estimation process 

that has been shown to result in parameter estimates that are consistent, but not asymptotically 
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efficient. Recognizing this, they proceed to use the resulting parameter estirnates as a starting 

point for a single Newton-Raphson step toward the maximum log likelihood function, a procedure 

that in theory results in consistent and asymptotically efficient estimates (Bemdt et. al., 1974; 

cited in Berkovec and Rust, 1985). However, Berkovec and Rust found that this estimation 

procedure did not perform well, and they attnbuted the failure to a model mis-specification due 

to the inclusion of a transaction variable. 

The nested logit model is not only applicable to a sequential choice of automobile type. 

A range of studies have modeled the various components of automobile ownership as successive 

levels in a nested logit model. Usually, the vehicle type is modeled as a choice conditioned upon 

the number of vehicles owned. The choice of number of vehicles, then, is modeled with an 

inclusive value for expected maximum utility of the vehicle type decision. Examples of this 

nested structure include Train and Lohrer (1982), Mannering and Winston (1985), and Hensher, 

Smith, Milthorpe and Barnard (1992). 

2.3 Models Incorporating Vehicle Usage 

Mannering (198 1) was one of the first disaggregate automobile ownership analysts to 

recognize automobile usage as a major deterrninant of automobile dernand. He develops a theory 

of automobile demand that includes automobile ownenhip decisions and usage decisions in a 

broad framework of household activity, residential location and employment location choice. 

Importantly, he distinguishes between the short range usage of vehicles in the household and 

aggregate vehicle usage. Short range usage, he states, cm be modeled considering level of 

ownership and the type of vehicles owned as exogenous, whereas aggregate usage of different 

household vehicles does impact significantly on automobile ownership level and type choice. He 

develops a credible theory of aggregated usage V: of vehicle i over a tirne period T depending on 

the probability that a household n will participate in activities A.,, at piven distance fkom the 

household, and the probability of choosing vehicle i conditional upon the activity choice (see 

Equation 7). 
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However, in the actual modelling effort, Mannering uses a simple "linear approximation" of 

Equation 7 with Iittle theoretical justification. Furthemore, even in his aggregate equations of 

vehicle usage, the number of automobiles owned and the type are considered to be exogenously 

determined, an assumption that he daims to be accurate only for small aggregation periods. 

Train and ~ohrer '  (1982) showed significant improvement upon Mannering's work by 

associating automobile usage equations with a more comprehensive nested logit model of 

automobile demand for both one-vehicle and two-vehicIe households. Three dimensions are 

present in the nested hierarchy, including number of vehicles owned at the upper level, class / 

vintage of vehicle(s) owned at the second level, and the make / model at the third level. For ease 

of computation, Train and Lohrer did not estirnate the values of the third level of the model, but 

rather they approxirnated the inclusive value for the make / model choice (J,J using Equation 8. 

where r, is the number of make / models in class c , and w , is the variance of the explanatory 

variables of each make / model about the class / vintage mean. 

Regression equations for vehicle usage were estimated conditioned upon the number and 

class of vehicles chosen in the nested logit model. The regression equations (Equations 9) were 

derived using Roy's Theorem from an indirect utility function conveniently chosen to produce 

linear usage equations. 

(one vehicle households) 

(two vehicle households) 

where: 

VMT' = vehicle miles travelled in vehicle i; 
Y = household income; 
P a  mm = travel codmile for n vehicle households, with auto class and make/model rg, ; 
6, = weighted surn of n vehicle household characteristics; 
an, Pt, = parameters to be estimated. 

1 This mode1 is &O presented in Train (I986), with a more thorough development of the underlying theory. 
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Train and Lohrer noted that because a household effectively chooses its operating cost when the 

vehicle type is chosen, the operating cost is endogenous and would lead to bias in the regression 

equation (termed by Hensher (1985) to be the problem ofselecûvity). instrumental variables were 

used in place of the operating cost variable to alleviate this problem. 

The denvation of the usage equations fkom economic theory gives Train and Lohrer's 

usage model some justification beyond a simple c w e  fitting regression. However, in justifying 

the utility functions for the nested logit model, a "linear approximation" was used. Clearly, it 

would be desirable to derive the entire nested logit model of automobile holdings and the 

corresponding usage equations fiom a consistent economic theory. 

Berkowitz, Gallini, Miller and Wolfe (1 985) addressed this concem in an integrated model 

of vehicle demand, usage and fuel consumption. Their work includes three submodels: a vehicle 

holdings model, a work-trip mode choice model and a non-work vehicle usage model. The vehicle 

holdings submodel determines a household's choice of the number of vehicles owned and the 

vehicle type as a joint decision. Households are assumed to choose between sixty-six discrete 

"vehicle bundles" including either O, 1, or 2 vehicles of one of 10 di fferent types segregated by 

length, vintage, type and origin of manufacture. The utility of a vehicle bundle is described in 

Equation 10.' 

where: 

= mean utility of holding vehicle bundle a; 
= vector of parameters to be estimated; 
= vector of variables influencing the utility of owning vehicle bundle a; 
= constant depending on the variance of the non-work vehicle usage error term; 
= household income; 
= annualized cost of purchashg and maintainhg vehicle bundle a; 
= vector of auto-specific tems common to the non-work usage utility function; 
= expected maximum utility associated with lower ievel work trip mode-choice. 

The additional price t m s  in this equation were derived consistently with the assumptions 

The written fonn of Equation 10 is shown in Berkowie et. al. (1987), but is substanhaily the same as that of 
Berkowitz et, al. (1985)- 
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that households maxirnize total utility and that they have a fixed budget constraint. As such, the 

model proposed by Berkowitz et. al. is unique for its ngor in terms of strict economic theory. 

By using a joint choice model for vehicle holdings, however, it is implicitly assumed that 

there is no correlation among the error terms over al1 the different vehicle bundles. in other words, 

the model is equivalent to a nested logit model of vehicle number, then choice, for which the 

parameter on the "inclusive value" is assurneci to be equal to zero. Previous models by Train and 

Lohrer (1 982), Mannering and Winston (1 985), and more recent modelling efforts by Hensher et. 

al. (1992) have consistently shown that this is not the case and that the parameter on the inclusive 

value t em  is significantly different from zero. Berkowitz et. al. acknowledge that part of the 

reason for using a joint choice model is that the addition of an extra level to their three stage 

nested logit model would have allowed estimation errors to propagate through the model stages, 

leading to less efficient parameters. Essentially, the decision was made to increase the breadth of 

the model to include work trip mode choice and non-work vehicle usage at the expense of 

accuracy in the automobile holding stage of the model. 

A final word on modelling vehicle usage is in order. In al1 reviewed models that 

incorporate vehicle usage, pisitive utility is assumed to be denved 6om using the vehicle. In 

reality this is not me;  there is in fact a disutility associated with driving, but people do benefit 

from accessing activities. Thus, vehicle usage is assumed to be a proxy for the ability to 

participate in activities. 

The literature described to this point has also only superficially dedt with the dynamics 

of automobile ownership. The only way that dynamics have been incorporated has been through 

the use of simple transaction variables (Manski and Sherman, 1980; Train and Lohrer 1982, 

Berkowitz et. al. 1985, Berkovec and Rust, 1985). 

2.4 Dyuamic ModeIs of Automobile Ownership 

Mannering and Winston (1985) made a significant step toward the specification of better 

dynarnic automobile ownership rnodels using the data fiom a three-period travel behaviou. panei 

survey. They develop a nested logit model with number of vehicles owned at the upper level and 

vehicle rnake / rnodel / vintage at the lower level, in conjunction with a linear regression model 

Page 14 



Toronto Area Car Ownership Study: A Longitudinal Survey and a Preiiminary Analysis of Results 

of vehicle usage. However, included in the specification of the vehicle type choice model are a 

set of four lagged vehicle usage variables. These variables include the 1 and 2 period lagged 

utilization of the same vehicle, and the 1 and 2 period lagged utilization of vehicles of the same 

make. These variables are intended to shed Iight on the concept of brand loyalty, the propensity 

to hold the currently owned vehicle. Brand preference, in contrast, is investigated through the use 

of rnake-speci fic durnmy variables. 

The linear regression equation for vehicle usage is also found to depend on the usage of 

vehicles in previous years, indicating that there is a certain inertia in the driving habits of 

households. 

However, no dynamic variables are specified in the number of vehicles choice model. In 

other words, no emphasis is placed on establishing a link between the level ofownership in one 

year and in the years before. This appears to be a weakness in the dynarnic nature of the model, 

because the number of vehicles owned alrnost certainly carries some inertia fiom year to year. 

This is evidenced by the large parameter estirnates associated with the transaction cost variables 

found in previous studies. 

Two sources of potential bias were identified by Mannering and Winston in the estimation 

procedure. Fint, selectivity bias, as described earlier, is dealt with by expressing the usage 

equation as being conditional upon the choice of vehicle type. Second, by using lagged dependent 

variables, there is potential for bias in parameter estimates if serial correlation is present among 

the error terms. Mannering and Winston do not atternpt to correct for serial correlation, assuming 

instead that the error terms are independent. 

Hocheman, Prashker and Ben-Akivars (1983) approach to automobile ownership 

modehg is developed specifically to capture several components of ownership dynamics. Fint, 

rather than using an automobile holdings fÎamework whereby households assess the utility to be 

gained kom holding certain bundles of automobiles at each time period, Hocherman et. al. use an 

automobile transactions kamework in which households choose whether to buy or sel1 one or 

more cars or simply retain their curent holdings. A nested logit model is used with the decision 

of whether or not to m a c t  at the upper level, and the decision of vehicle type at the lower level, 

conditional upon the transaction decision. There are some good conceptual reasons for using a 

transactions as opposed to a holdings modelling framework. It can be argued that in reality people 
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do make the decision of whether to buy or sel1 their car and not the decision of how many cars to 

own per se. However, contrary to what is implied by Hocherman et. al. holdings models are 

certainly able to capture automobile ownership dynarnics well despite some of the conceptual 

advantages of using a transactions model. 

The second advance demonstrated by Hocherman et. al. is the inclusion of a sophisticated 

representation of transaction costs. Equation 1 1 was used in the utility function for automobile 

type? 

where: 

Sj,i = 1, if make 0) = make (i) 
O, otherwise 

6d, = 1, if car purchased used 
O, if car purchased new 

m, = Number of cars of same make as j 

"i = Number of cars of same type as j 
=Age ofcarj 

hq, = 1, if vintage of car j belongs to vintage group u 
O, otherwise 

a,, a,, a,,, a,, are unknown parameters 

Brand loyalty is represented in the first tem, the market size (a proxy for ease of fmding 

information) in the second, the heterogeneity of attributes for each group in the third, and the idea 

that older cars are more difficult to find is represented in the fourth tem. It should be noted that 

the use of the naturai logarithms of m, and 5 may be thought of as a very simple "inclusive value" 

that would occur were another level added to the nesting hierarchy for choice among individual 

cars. Overall, such a detailed set of transaction cost variables provides more information about 

the transaction process than a simple "number of transactions" variable. 

One of the problems in using an automobile transactions h e w o r k  is that in relatively 

few random observations will a transaction actually occur. In such cases a large random sample 

b,, is not defined by Hocherman e t  al. in the equation, but it is included, as s h o w  in the lin of transaction cost 
variables. It is not cIear whether au additionai tenn has been accidentally omitted £iom Equation I 1 - 
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would be required to attain statistically significant results. Hocherman et. al. addressed this by 

using a choice-based sarnple, that is, households that did buy a vehicle in the survey period were 

purposely over-sampled. Nevertheless, the occmence of the sel1 option still occurred so 

infrequently that no model of vehicle sales could be estimated. 

It should also be noted that, once again, senal independence in the error terms has been 

assumed, with the hope that biases caused by this assumption are small compared to the benefits 

of having a dynamic model. Also, like al1 of the previously critiqued models with the exception 

of Mannering and Winston (1 989, this dynamic model is based on a single period cross-sectional 

swey.  

Hensher and LePlastrier (1985) develop a set of discrete choice functions which model a 

household's automobile fleet size and vehicle composition in a base year with a nested logit 

holdings model. They proceed to model adjustments in fleet size and vehicle type in subsequent 

years with a nested logit transactions model. However, the fleet size adjustment mode1 is not 

estimated because, as anticipated by Hocherman et. al. (1983), few households in their sample 

made fleet size adjustments. The model is estimated on the results of a retrospective survey of 400 

households in the Sydney Metropolitan Area 

Dynamics are represented in the vehicle-type adjustment model by three variables. An 

experience index, representing the "utility derived £kom the previous decision outcome" was 

simply the denorninator fÎom the type choice model of the previous year. A brand loyalty dummy 

variable was also used, just as with Hocheman et. al. (1983). Finatly, the results of the previous 

year's decision outcome were included, with the a priori belief that if an adjustment occurred in 

the previous year, it would be less likely that another would occur in the current year. The 

estimation of the type choice model showed that each of these dynamic variables had statistically 

signifiant coefficients, confhnhg the importance of temporal influences in type choice. It is 

suggested by Hensher and LePlasmer the experience index acts as an instrumental variable, 

"purg(ing) the random components O f eac h utility expression O f the uno bservab le influences on 

choice ... which are the source of senal correlation" (p.491). However, whatever serial correlation 

remains is assumed to be negligible. 

A serious w e h e s s  should be noted in Hensher and LePlastrier model. The pnce term in 

the vehicle type adjustment choice model is found to be positive, indicating the masonable 
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result that, al1 else being equal, people prefer to pay more money for a vehicle. This result cornes 

mainly because the assumed choice set used for each household in estimation was constrained by 

price category. Furthemore, only 2 non-chosen alternatives were included in the price- 

constrained choice set, which is probably too few for the "pseudo maximum likelihood" estimation 

procedure to produce reliable parameter estimates. 

One disturbing outcome of the model was that inter-temporal transferability was round to 

be weak. inter-temporal transferability was tested by estimating parameters separately for 

different years. Significant overall differences were Found in the sets of parameter estimates for 

vehicle type choice and vehicle type adjustment choice, and the longer the temporal transfer, the 

greater was the change in parameter estimates. 

Since the first major panei study of automobile ownership by Mannering and Winston 

(1985), the use of panel data has been the focus of more recent dynamic automobile ownenhip 

studies. Kitamura (1990) outlines the major advantages and disadvantages of panels, as compiled 

in Table 1. He argues that most of disadvantages of panel analysis can be resolved by careful 

survey design. 

Perhaps the most comprehensive analysis of automobile ownership and usage to date was 

performed on a four-wave panel study of over 1100 Sydney Metropolitan Area residents during 

the period August 198 1 to June 1 985 (Hensher, Smith, Milthorpe and Barnard, 1 992). Although 

the general modelling approach is similar to that of Mannering and Winston (1985), Hensher et. 

al. build upon their efforts in several ways. They first present a static mode1 and then provide 

dynamic extensions to that model. 

The static model is a nested logit model with fleet size at the upper level in the nesting 

hierarchy, body mir at the second level, and type mix (i-e. model / Witage) at the third level. A 

different type-rnix model is estimated for each fieet size, suggesting that households that have 

different fleet sizes have different taste weights, whereas households with the same Beet size but 

different body mixes have tastes that are simila. Vehicle usage equations are derived separately 

for each vehicle in the household and estimated as a set of simultaneous equations using three- 

stage least squares estimation. In the model presented here, economic duality theory (Le. Roy's 

Theorern) is employed to derive a non-hear vehicle type-mix equation. In contrast to earlier 

models which relied on the sequential estimation technique for the nested logit model, Hensher 
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Table 1 : Advantages and Disadvantages of Panel Analysis 
- - . - -. -. - - 

Advantages 
repeated observations of the same 
respondents ailows for control 
over unobserved factors; 
allows ability to model temporal 
variation in travel behaviour; 
facilitates the identification of 
cause-effect relationships; 
changes in behaviour can be 
modeled based on observed 
longitudinal changes, rather than 
differences in behaviour across 
individuais; 
an evaluation of a policy change 
may be imprecise or erroneous if 
not based on an understanding of 
time lags involved in individual 
responses; 
sampling cost rnay be substantially 
reduced when the same 
respondents are used. 

Disadvantaees 
possible increase in non-responses due to 
respondents being required to participate 
O flen; 
problem of attrition; 
problem of locating respondents in multiple 
survey waves due to residentiai relocation and 
dissolution of households; 
possible decline in reporting accuracy due to 
"panel fatigue"; 
problem of "panel conditioning", where 
behaviour and responses are afFected by 
earlier responses; 
increased sampling effort to refresh the panel; 
need to represent changing populations by 
sampling new households; 
need to sample in-migrating and other new 
households in study area; 
data collection takes a long tirne. 

et. al. use full information maximum likelihood estimation simultaneously for the fleet size and 

body rnix levels, allowing for more efficient parameter estimates. However, the type mix can not 

be included in the full information maximum iikelihood estimation because of the large nurnber 

of unranked alternatives and the non-linear form of the type-mix equation. 

Selectivity bias is approached by Hensher et. al. in a unique way. Rather than using 

instrumentai variables (Train and Lohrer 1982) or estimating a usage model that is conditional 

upon the type choice (Mannering and Winston, 1985), Hensher e t  al. include a relatively complex 

selectivity correction term in the vehicle usage models. 

The dynamics of vehicle ownership decision making is captured through the addition of 

an "expectations effect" and an "expenence effect" in the vehicle type choice model. The 

"expectaîions effect", as shown in Equation 12, is intended to represent the influence that present 

and past attribute values, and hture expectations of those values, exerts on curent choice 

behaviour. The expaieme efféct (Equation 13), on the other hand, is meant to masure the effect 
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of past decisions on the curent choice. Hensher et. al. claim that such a representation avoids 

serial correlation because past decision outcomes (Le. lagged dependent variables), the inclusion 

of which are the cause of senal correlation, are replaced by the independent variables that 

contributed to those decisions. It was found that 0 = 0.1 resulted in the highest likelihood for type 

choice, indicating that lagged experience and expectations have effects that are scaled back by a 

factor of 0.1 each additional lag. 

Expectations effect : 

Experience e ffect : 

where: 

gq ht = the level of attribute g, for household h 's holdings choice q at time period t; 
g,,ht = the level of attribute gi for household h 's chosen alternative c in penod t; and 
0 = parameter to be estimated. 

The estimation of the various models revealed several things. First, the experience effects 

included in the type-rnix choice model are al1 highly significant and negative suggesting that 

households do prefer vehicles sùnilar to those they have owned in the past. Expectations effects 

were also found to perform well. 

2.5 Other Types of Models Used to Forecast Automobile Ownership 

2.5.1 The Multinomial Probit Mode1 

The muIrinornial probit rnodel is more theoreticdly appealing than the multinomial logit 

model. In the multinomial probit mode1 the linear equation representing the observed component 

of utility V, contains parameters p, that are specific to individual decision-makers n, thereby 

accounting for unobserved taste variations. The deviation of the individual tastes fiom the 

population mean is termed 6, and is distinct nom the error term E,, as show in Equation 14. 

Both 6, and E, have a multivariate normal distribution, with covariance matrices Z, and LE, 

respectively. Equation 15 shows the probability that individual n chooses alternative i nom a 
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choice set In. 

= Vin + Ein 

= P n  'in + Ein 

= (P + 6.) Xin + 'in 

Only one snidy was found that applied the multinomial probit mode1 to the problem of 

automobile ownership punch and Kitamura, 1991). This is rnainly because of the computational 

difficulty of solving Equation 15 for a large nurnber of alternatives. Bunch and Kitmura 

estimated a probit modei for a household's choice of the nurnber of automobiles to own, including 

three alternatives (O, 1, and two or more vehicles). A nurnber of different assumptions about the 

ternis in the error covariance matrîx were tested, three different methods of approximating 

Equation 15 were examined, and three algonthms for performing the maximum likelihood 

estimation were compared for the automobile ownership model. In essence, the study shows that 

the probit model may be used successfùlly for relatively simple choice situations, and it provides 

some suggestions as to the most accurate and efficient methods of estimation. 

In theory, the probit model has the advantage of maintaining a more general treatment of 

the error term than either the multinomial logit or the nested logit models. Were a probit model 

used to examine the sirnultaneou choice of number of vehicles and the types of vehicles bought, 

the potential would exist to account for correlations that are untestable within a logit h e w o r k .  

However, it is clear that rnultinomial probit theory would not be practical for such a combined 

fleet size / type choice model because of the vast number of alternative vehicle types involved. 

The potential for deaiing with the dynamics of demand are also Limited; the only probit model that 

was found to include a dynamic element was a binary choice mode1 over two t h e  penods 

(Hensher and Johnson, 1 982) 
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2.5.2 Simoltaneous Equation Modelling and the Ordered Probit Model. 

The ordered probit model provides advantages over the previously described models in 

some respects. First, its simplicity makes it well-suited to be used in a dynarnic simultaneous 

equations model. The simultaneous equations model is useful because it allows a large amount 

of flexibility in malyzing cause-effect relationships between various endogenous variables. In 

addition, the ordered probit model maintains some of the desirable properties of the probit model, 

while rernaining cornputationally feasible for several alternatives over a number of time periods. 

Ordered rnodels of automobile ownership, such as the ordered probit and the ordered logit 

models, are based on the concept that there exists a continuous latent (Le. unobserved) variable 

that describes a household's propensity to own automobiles. They are distinct fiom unordered 

models, such as the multinomial logit, which are based instead on random utility maxirnization. 

The number of automobiles Ci owned by household i is assumed to be related to the continuous 

automobile ownership latent variable Ci* as shown in Equation 16. 

Ci = k if and only if Y,, < Ci* s 'Y,, k=O, 1, ..., K ; Y-, =--; Y,=+- (16) 

w here: 

Y, = upper threshold for ownership level k, which is to be estimated; 
Y = lower threshold for ownership level k, which is to be estimated. 

The latent propensity variable Ci* includes both an observed cornponent (a fùnction of explanatory 

variables) and a randomly distrihted error term that accounts for unobserved influences. The 

ordered probit rnodel, which assumes the random component is normally distributed, results in 

the ownership level probabilities shown in Equation 17. 

w here: 

= the standard normal distribution fùnction; 
P = a vector of parameters to be estimated; 
x = a vector of explanatory variables descniing automobile ownership propensity. 
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Several studies have used the ordered probit model of automobile ownenhip in a 

simultaneous equations tiamework (Golob and van Wissen, 1989; Golob, 1990, Bhat and 

Koppelman, 1993). Sirnultanmus equation systems define a vector of p dependent variables (y*) 

as a bct ion of themselves, a set of m exogenous variables and a vector of disturbances, as shown 

in Equation 18. It is the symmetric nature of Equation 18 that allows cause effect relationships 

to be analyzed; al1 endogenous variables are treated the sarne way in the series of structural 

equations. The ordered probit model has been used for automobile ownership in this context 

because it is a continuous variable, and hence, its ordinal scale corresponds to that of other 

continuous ordinal variables, such as income, car utilization, and employment propensity. 

w here: 

Y* = a (p x 1 ) vector of dependent variables; 
x = a (p x m) vector of exogenous variables; 
B = a (p x p) vector of parameten for the y* variables (diagonal elements = 0); 
r = a (p x m) vector of parameters for the x variables; 
C = a (p x 1) vector of disturbances. 

Golob and van Wissen (1989) analyzed causal relationships between six endogenous 

variables including car ownership, household income, and weekly distance travelled by four 

different modes. Each variable was evaluated at two consecutive years, resulting in a set of 12 

structural equations. Exogenous effects were ignored (î was assumed to be a zero matrix), so only 

the relationships between the 12 dependent variables were checked. It was found that there was 

strong inertial effect in car ownership (i.e. car ownership at year 1 had strong causal influence on 

ownership at year 2). The lagged effect of other endogenous variables on car ownership was also 

found to be significant, as was the effect of anticipated fùture income on car ownership. 

Golob (1990) expanded on the approach taken by Golob and van Wissen (1989) in several 

ways. First, in his analysis 22 exogenous dynamic and static variables were specified, including 

income, residential location, and lifestyle stage variables. Second, panel conditionhg was 

accounted for by including a correction term as an exogenous variable. r[riird, period effects were 

included as exogenous year-specific dummy variables. Final1 y, disturbance term autocorrelations 
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were accounted for by allowing estimation of elements of the variance covariance rnatrk 

associated with S. These theoretical improvernents, however, ailowed for only car ownership, and 

travel time by car, public transit and non-motorized modes to be exarnined as simultaneously 

determined dependent variables (for two time periods this led to an (8 x 1) y* matrix) with a total 

of 16 endogenous dependencies. The model did find that certain exogenous facton do strongly 

affect automobile ownership decisions both contemporaneously and with lagged effects. in 

particular, the number of household drivers and household income were found to be strong 

exogenous factors, as was the anticipatory effect of future income. Linkages between dependent 

variables were also found to be strong suggesting that "[a] demand model that specifies any one 

of the [four dependent] variables as a function of one or more of the others without additional 

"feedback" equations is subject to endogeneity bias", otherwise known as selectivity bias. 

Simultaneous equations models making use of the ordered probit model have also been 

used to link automobile ownenhip to husband's and wife's employment and husband's and wife's 

income (Bhat and Koppelman, 1993). Here, separate equations (tnggered by a switching 

mechanism) are used for car ownership depending on whether the wife is employed, suggesting 

that unobserved facton affecting automobile ownership Vary with wife's employment. A range 

of exogenous variables were also used in the simultaneous equations approach, but no adequate 

dynarnic element was present. What is perhaps most interesting about this study is that it places 

more emphasis on the comection of car ownership to longer t em  decisions such as employment 

choice than on shorter term decisions such as trip generation more comrnon in the literature. ûther 

long-term decisions such as residential location choice and ernployment location choice and 

occupation choice are seen as reasonable extensions of this type of modelling approach. 

Kitamura and Bunch (1989) also use ordered probit models, but not in a system of 

simultaneous equations. They suggest that heterogeneity, the variation of unobserved contrîbuting 

factors across observations, may cause the importance of lagged dependent variables (i.e. state 

dependence) to be overestimated. This is because unobserved factors may exhibit some 

correlation with lagged dependent variables. The heterogeneity question remains unresolved, 

however, they do note that their parameter coefficients were robust to the effect of heterogeneity. 

This is encouraging but should not justify the blind use of lagged dependent variables without 

thought of serial correlation effects. 
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Although they have a flexible error structure and are becoming more popular for use in 

simultaneous equation models, ordered probit models are not the logical next step from the 

multinomial logit and nested logit structures popular in the 1980's. First and most seriously, the 

problem of automobile type choice is not an ordered choice. Automobiles cannot simply be 

ranked From worst to best, because different households weigh competing vehicle attributes 

differently, so any potential ordering scheme would in effect Vary over time and across 

households. Second, there is reason for caution in using an ordered model because according to 

Amerniya (1985), 

" ... if the bue model is unordered, an ordered model cm lead to serious 
biases in the estimation of the probabilities. On the other hand, the cost of using 
an unordered mode1 when the tme model is ordered is a loss of efficiency rather 
than consistency" (p. 293) 

Strong empirical evidence has recently been produced showing that the nurnber of automobiles 

owned is an unordered, as opposed to an ordered choice. Bhat and Pulugurta (1997) compared 

the performance of an ordered logit model and a multinomial logit model on four large data sets 

fiom North America and Europe and found that the unordered (multinomial logit) model 

representation is appropriate. 

2.5.3 Hazard / Duration Modeis 

The use of hazard models, also known as duration models, on panel data to represent the 

timing of changes in automobile ownership has been a subject of considerable recent study. The 

main idea behùid such models is that there is a hazard function h(t, P, XJ that expresses the 

probability that an ownership duration spell will terminate at time t, given that it did not end 

before t. It cm be expressed as a function of the probability density fùnction f(t, P, XJ and the 

cumulative distribution function F(t, P, X J ,  as shown in Equation 19. 
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where: 

P = a vector of parameters to be estimated; 
X, = a vector of exogenous variables at time t. 

The probability density, the unconditional probability of a duration spell having length t, is shown 

in Equation 20. 

A final way of representing the duration mode1 is through a survivor function S(t, P, Y), show 

in Equation 21, which is sirnply one minus the cumulative distribution function. 

It is customary to choose a specific distribution for the hazard function that is flexible and that 

allows for different hypotheses for the major charactenstics of the hazard function to be tested. 

The Weibull distribution (Equation 22) is the most common choice; it is a generalization of the 

exponential function that allows hazard to increase, decrease, or remain constant over time. 

where: p = a vector of parameten (a, a, y) 

Gilbert (1992) uses Weibull-distributed hazard models to descnbe the timing of three 

different events, that of replacing their current automobile with a new automobile, that of 

replacing with a used automobile, and that of disposing of their automobile without replacement. 

They are said to be "competing risks" and the total risk of one of these transactions occurring is 

the sum of the three respective hazard functions. Explanatory variables include household 

variables that are assumed not to change over time (e-g. region of residence, occupation, 

educational level), household variables that are permitted to change over time (e.g. incorne, 
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employrnent status), and a set of macroeconomic variables (e.g. hance rate on new cars, inflation, 

unemployment). The inclusion of such a wide range of macroeconomic variables is relatively rare 

among modelling efforts, although others have suggested that they be included to better account 

for period effects (Hocherman et. al., 1983). 

Although Gilbert's model provides a reasonable representation of the timing of change, it 

is by no means a complete modelling approach. An obvious omission is the hazard for purchashg 

a new car without disposing, a much more common event than that of disposing. Additionally, 

type choice is not considered although it could potentially be included in a large number of more 

speci fic hazard fùnctions, for example, the hazard of replacing a currently held 1 990 Honda C ivic 

with a 1993 Ford Taurus. However, each of the hazard functions produced by Gilbert are 

estimated assurning different parameten P, so independence between the hazards is inherently 

assumed. Hensher (1994) suggests that this may not be an entirely appropriate assumption 

because it ignores potential interdependencies between hazards. This would undoubtedly be a 

more serious problem were a larger nurnber of similar hazard functions included in a model. 

Hensher (1994) uses hazard models to explore the impacts of duration dependence over 

tirne and unobserved heterogeneity in the sampled population, both of which are ignored by 

Gilbert (1992). The purpose of the study is sirnilar to that of Kitmura and Bunch's study of 

heterogeneity and state dependence (1989), however, the methodologies are different. Duration 

dependence, in the context of vehicle transactions has a different rneaning than state dependence 

in the context of vehicle holdings. For example, it cm be understood to account for the loyalty of 

a household to the used car market for consecutive transactions. 

Hensher uses both Weibull and Gompertz-distributed hazard functions to test different 

specifications of unobserved heterogeneity. First, it is found that the choice of distribution for the 

hazard function makes a significant difference to the predicted timing of change. Second, the 

results produced fkom this study appear to conclude that failure to control for unobserved 

heterogeneity tends to lead to over-estimates of transactions in the used car market, but has iittle 

effect on those of the new car market. Hensher does, however, state the need for much more 

research to veriQ such fïndings. 

The only attempt to bring duration models into a comprehensive modelling fhmework 

including type choice is a study by de Jong (1996). This study includes a hazard function to 
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model the amount of time between vehicle replacements. Fou. models are tested, one of which 

is a Weibull-distnbuted hazard fûnction with a highly significant variable representing unobserved 

heterogeneity over households. The model that is finally accepted as the best model, however, is 

a Weibull-distributcd hazard function with a series of time varying explanatory variables, the most 

interesting of which is a logsum variable for the vehicle choice. The negative sign estimated for 

the logsum variable suggests that, al1 else being equal, the higher the expected utility frorn 

obtaining a vehicle, the shorter will be the holding duration of currently held vehicles. 

Unfominately, no model was included that incorporated both the time varying explanatory 

variables and the correction factor for heterogeneity. Also, only replacements were modelled. No 

duration models were developed for vehicle disposals or for vehicle purchases that increased the 

total number of cars owned by the household, nor were separate models jointly estimated for new 

and used car transactions as suggested by Gilbert (1 992) and Hensher (1994). 

The vehicle choice model is a multinomiai logit mode1 conditional upon the replacement 

of a vehicle. The model eventually accepted is one with a choice among 1000 discrete 

make/modeUvintage alternatives. Nested logit sbuctures were tested but the on1 y nesting structure 

to provide significant improvement was a diesel / non-diesel upper level choice. It is not ctear 

why this positive result did not lead the authon to use such a nested hierarchy. Considering that 

a choice among 1000 alternatives is highly unlikely to display the IIA property, the fact that no 

IIA test was reported casts some doubt on the pseudo-maximum likelihood estimation procedure, 

in which the iIA property was specifically exploited. In addition, dummy variables representing 

dynamic elements are included in the type choice model specification, however, these may lead 

to estimation bias caused by serial correlation as discussed earlier. 

Two additional drawbacks noted by de Jong are that, because of the nature of the survey 

(essentiaily a retrospechve nirvey), no socioeconomic variables were collected at the time of the 

ownership spells used for estimation. The socioeconomic characteristics for the suntey year were 

used as a proxy instead. Second, de Jong was not altogether pleased with the Linkage formed 

between the duration mode1 and the type choice model. A joint estimation with correlated error 

terms would have been preferred. However, despite these shortcomings and the fact that disposals 

and non-replacement purchases were not modelled, the approach produced reasonably good 

predictions when validated against data fiom the next panel wave 
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- -- - - - - - - - 

Overall, the review presented in this chapter has described in some detail the major 

advances in automobile ownership modelling over the past few decades. Many papers have 

been written beyond the ones reviewed here, but it is felt that this description provides the 

necessary background to define the curent state-of-the-art in automobile ownership modelling. 
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Chapter 3: Summary of Vehicle Ownership Modelling Issues 

It is apparent that automobile ownership modelling, even when restricted to the field of 

disaggregate modelling, is comprised of a number of different methodologies based on varying 

assumptions about human behaviour, each with its own focus and research objectives. Thus, for 

the modelling approach to be taken in the ILUTE project, it is important to define explicitly the 

context of the automobile ownership model within the larger modelling picture, to determine the 

type and precision of inputs and outputs required of the model, and to choose a modelling 

approach that best suits those needs. This chapter summarize the issues to be resolved and briefly 

outlines the more appropriate approaches that have been reported in the literature and their 

applicability to the LUTE modelling effort. 

3.1 Scope and Limits of the Model 

The number of vehicles a household owns and the type of vehicles owned should 

obviously be încluded in an automobile ownership model, as these two aspects of vehicle decision 

making have consistently been show in the literature to be closely intertwined decisions. 

Automobile ownership models, however, have been integrated with models of other aspects of 

human decision-making it important to decide which aspects to model endogenously and which 

to assume are exogenously detemiined. Most pressing is the question, given that almost al1 of the 

latest sophisticated approaches to automobile ownership modelling include a vehicle usage 

component, should the present modelling effort also do so? The development of a daily activity 

model in conjunction with mode choice and network assignment models may be a better method 

of determining vehicle usage than the regession equations used in the reviewed studies, because 

of the focus on real t h e  and space constraints faced by persons within a household, and real travel 

on a network. Additionally, specifj6ng vehicle usage as a proxy for the utility-generating 

activities that are reached by automobile is avoided. Hence, automobile ownership model would 

fare best by using the travel outputs from such an activity-based model, rather than treating usage 

endogenously . 

Other components of individual behaviour, such as household income, ernployrnent statu, 
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employment and residential location, some of which have also have been modelled simultaneously 

with automobile ownership probably should be treated exogenously, for similar reasons. 

However, it must be recognized that by estimating models separately, the correlations between 

parameten in each of the models cannot be accounted for, possibly biasing the parameter 

estirnates. 

The supply side of the automobile market is another component that warrants discussion. 

Al1 models reviewed in Chapter 2 treated vehicle pnces as exogenous, both for new and used 

vehicles. Used vehicle prices are generally obtained from "Red Book" pnce estimates, or other 

sources. In a perfèctly competitive market, however, there is an equilibrium between supply and 

demand for automobiles regulated by variable automobile prices. In particular, there are two 

competing submarkets, the used car market and the new car market, for which the suppliers are 

different. Over the long term it is likely that prices would be responsive to the relative demands 

for new and used vehicles. However, the pricing decisions made by relatively few car 

manufachuers would be difficult to model endogenously and it is unlikely that the differential 

demands made by consumers in the GTA study area would have a large impact on such decisions 

anyway. Similarly the used car market cm reasonably be assurned to be unresponsive to 

consumer demand, because of the size of the used automobile market and the fact that a significant 

portion of the used automobile supply is £iom outside the GTA study area. Figure 3.1 shows the 

recommended scope and limits of the ILUTE vehicle ownenhip model, and its relationship to 

other model components. 

3.2 Dependent Variables 

Automobile ownership models in the Literature either model automobile holdings or 

automobile transactions. Both have been used in a dynarnic modelling Wework,  both have been 

used in conjunction with panel data ïhere are, however, some advantages and disadvantages 

associated with each of these approaches. 

Transaction models recognize hdamentally that the processes of buying and selling 

vehicles are different and are perceived differentl y b y households. Kitamura ( 1 989) has shown 

that factors afkting car ownership have asymmetric effects. For instance, an increase in income 
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is found to prompt vehicle acquisition to a greater extent than an equivalent decrease in incorne 

would prompt vehicle disposal. Such asymrnetnc effects are automatically accounted for in a 

transactions model if alternative-specific income-change variables are included in the 

specification. This is likely to result in less cumbersome model specifications than a holdings 

model accounting for asymmetric effects. 

Transactions rnodels have potential to be more complex than holdings models because 

there is more than one "transaction path" to arrive at a new holdings level. Additionally, some 

transaction paths, such as  buying two cars and selling one, are rare and a data set would not likely 

support the estimation of their parameten. Many transaction models leave out seemingly 

important transactions such as disposais or additions to the fleet because of such data limitations. 

However, simplifications can be made to reduce the size of a transactions choice set to include 

only the buy, sell, replace and do nothing options, thereby reducing the complexity of the model 

significantly and allowing most parameters to be estimated with reasonable statistical significance. 

There may be some benefit to maintainhg consistency between an automobile ownership 

model and a house ownership model, if they are both part of an integrated modelling system. 

Because the house ownership model in the ILUTE project is based on transactions, modelling 

automobile transactions would allow for consistency, with some possible additional benefits with 

regard to the transfer of cornmon cornputer code. Given the advantages and disadvantages, a 

transactions approach is recommended for the ILUTE project. 

3.3 Choice Set for Vehicle Type 

in reality, no two automobiles are exactly alike and all automobiles for sale in the new and 

used market are potential elements in a household's choice set. However, such a choice set would 

be impossible to manage computationally and people certainly do not consider dl vehicles 

simultaneously anyway. On the other hand, there is a minimum amount of information that is 

needed about the vehicle a household chooses to purchase. Emissions models require inputs such 

as  vehicle age, vehicle size, and engine size. On a behavioural level, the automobile a household 

buys depends on vehicle attributes, the household's previous experiences, etc. so it is important 

that elements of the choice set represent these major attributes. 
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The literature reveals a range of approaches. Some model choice among al1 make 1 model 

1 vintage combinations sirnultaneously (Manski and Sherman, 1980; Mannering and Winston, 

1985; de Jong, 1996), while others only differentiate between different vehicle classes defined by 

combinations of size, price, vintage, etc. (Lave and Train, 1979; Berkowitz et. al., 1985). Some 

of the more comprehensive models split the choice into stages with class at the upper level, and 

make / model / vintage at the lower level (Berkovec and Rust, 1985; Train and Lohrer, 1982; 

Hensher et. al., 1992). 

Including al1 make / mode1 1 vintage combinations separately as the choice set seems to 

be the most thorough and detailed approach to the choice set problem. However, if the mode1 

were to be used for forecasting, it would be necessary to forecast the future attributes ofeach 

individual make / model. The use of a detailed set of vehicle classes would probably be the most 

reasonable approach to take for the ILUTE project. The method used by Train and Lohrer to 

approximate the inclusive value for a "lower level" choice of make / model 1 vintage may be an 

appropriate way to maintain the desired theoretical detail without excessive computational burden 

and the problem of forecasting individual vehicle attributes. 

3.4 Explanatory Variables 

There are two reasons for including explanatory variables in a model of automobile 

ownership. Fust, variables must be included that are shown to have a statistically significant 

a u e n c e  on the automobile ownership decision. However, variables that are not strongly 

justifiable nom a statistical perspective may also be specified in order to make the model sensitive 

to different po licies. For exarnp le, an advertising campaign against owning large cars might have 

a very small impact on vehicle decisions, but a very small effect over a large population might 

cause a net impact that justifies the campaign. 

Hensher (1 985) has compiled a list of the main influences on automobile number and type 

for vehicle holdîngs models and transactions models. This list includes variables found important 

in the work of Lave and Train (L-T) (1979), Manski and Sherman (M-S) (1980), Hensher and 

LePlastrier (H-L) (1985), Hocheman, Prashker and Ben-Akiva (H-P-B) (1982), Train and Lohrer 

(T-L) (1982), and Mannering and W i o n  (M-W)(1985). This list is shown in Tables 3.1 and 3.2. 
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Table 3.1 : Main identified influences on automobile number and type holdings 
I Fleet Size Holdings 

-household income (T-L. H-L, M-W) - employer provided auto (H-L) - no. of dccuion units (H-L - lif cle s n  e dummta A-L) - axykfuctibk dummy ( d -L) 
- public tramport availabili (H-L) - captive to =urn for work (XL) - incidence of drivers in worker group and decision units group 
(H-Ll ,-- -, - persons with motor bike licence (H-L) 
- ntlo of household autos to workers (H-L) - ntlo of autos to household stze (H-L) - ntjo of dnvm to autos.(H-L) - ntlo of dnvers to dcctston units (H-L) 
- ntio of autos to adults (H-L) 
- # of young people in cxctss of autos (H-L) - # of drivers in excess of autos (H-L) - no. of workers (T-L, M-W) - y s i t ,  trips cr ca ita in residential area (T-L) - mclurrvc v a L  (XL, H-L. M-W) - urban location dummy (M-W) 

Type Choice Holdings 

Financial Characteristics - vchiclc ~ u r c h w  orice (L-T. T-L. M-W) 
-oper;ltingcost (LIT, T-L,M-S, M-W) ' - tr;ms;lctlon-semh cost (M-S) - minimum cost per km (M-S - service and air costs (H- ) - sat? tax. (HT 1 
- regsbmon fee (H-L) 
- transaction cost dummy (T-L) 

Carrying Chanctcristics - seating capaci (L-T H-L) - excess wau (XS, H:L) - weight (M-S, )I-L) 
- luggage space (M-S, 11-L, T-L, M-W) - maximum excess sea& (M-S) - station wagon dummy (H-L) - shoulder room.(mc;m, vuimce) (T-L, M-W) - number of vehtcles (L-T) 

P w f o m c e  Characteristics - honcpowcr/wcight ( L-T) - acccfcntion (M-S) - turning radius (M-S - bnking d~spnce (dS) - noise level (M-S) - smppage probability (M-S) 
- honepowcr (T-L. M-W) 

Other (Class) Chacteristics - vintzlgc dummies (M-S) - foreign vehicle dummia (M-S, T-L, M-W) - non-passenger auto d u r n  (M-S) 
- vintage mix dummies (M-l. T-L) - number of body-type vchicles (M-S, T-L) - newness p r r fmcc  du (H-L) 
- pro don  of d l  nnkd%els m clusl vinwgc (T-L) 
- dummia (M-W) - number of nuke in mix (M-W) 
-old I new vehicle dumtcs  (M-W) - pickup in mix dummy (M-W) 

Socio-Economic Chrnctcristics - household income (L-T) 
- household size (L-T) - a c of respondent (L-T) - e%ueation o f  respondent (L-T) 
- age of main driver (H-L) 

Usa c Chmctcristics 
- vefficle month krn (L-n - fuel efficiency of autos with hi h km (H-L) - 12 period lagged usage (actuaf typical) (M-W) 
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Table 3.2: Main identified influences on automobile nwnber and twe transactions 
Flcct Sizc Tmnsactions 

- Inclusive value (H-M. H-P-B 
- M. of vehicle PCT liccnsc ( H - b )  - disposal dummy (H-M) - numbcr of da s per wcek vehicic not uscd (H-M) - serch cost (4-M) - single adult household (H-P-B) - incorne (H-P-B.) - self cmploycd hcad (H-P-B) 
-occupation and cducation of head (H-P-B) - age of hcad (> 50) (H-P-B) - mvcl tirnc by bus to work (H-P-B - m c l  cime by auto to woik (H-P-Bi - walking distance to bus (H-P-B) - woman hmd (H-P-B) 
- full c;um;iinteniince cost covwcd (H-P-B) 

tion h m  car mes (H-P-B) 
ggly km > 2 0  (H-P-B) - prtvious auto chrinctcristics (cngine sizc, ytars in household) (H- 

P-B) 

Type Choicc Tnnsactions 

Financial Chanctcristics - fuel  ric cc exocctations (H-Ml 
- con$an sup lied (H-M) . - -1 v a L  offleet H-L) - wics ox c l m t  olncw autos - service and y r  expenses ( H i )  - costs claimc not claimed as b x  dcduction (H-L - recail pricc Tor various income classes and age of)head (H-P-B) 

Canying Chanctcristics - wcight (H-M, H,L) 
- passager ca aci of autos with > 10 long trips pcr ycar (H-L) - exccir scats  PH-LY - luggage spacc(H-L, H-P-B). - lu ga c capacity of autos wth > 10 long trips per year (H-L) - v e h k  sizc (Imgth x width) (H-P-8) 

Pdonnance Chanctcristics - accelerat?on (H-M, H-P-B) - fuel cfictcncy when cost i n c u d  by household or by 0th- (H-L, 
H-P-BI 
-mg& size (1-t-P-B) 

Other (Class) Chmctcristics - cxpcricnce index (H-L) - bnnd loyalty dummy (H-L, H-P-8) - station wagon in mix (H-L) 
- ncwncss p r t fmcc  dummy (H-L) - choicc outcom in t-t (H-L) - smll  auto dummy (H-P-8) - Tmsactions cos& and alternattve sizc viuiables (H-P-B) - loc?ll made automobiles (H-P-8) - vchicC rge 

Usaae Chanctcristics - rc&lor long distancc dummy ( H-Ml 

Econometric Concerns 

Several econometric concems have corne to light in the papers reviewed in Chapter 2. 

First, there are several issues concerning the method of representing error, or uncertainty. We 

have seen that selectivity, for exarnple, can Iead to bias when usage equations inchde terms that 

are correlated with the vehicle number and vehicle type components of automobile ownership. 

However, if vehicle usage is not included as part of the LUTE automobile ownership model, 

selectivity ceases to be an issue. Serial correlation, which c m  occur when lagged dependent 

variables are included as explanatory variables, is another issue to be resolved. At least two 

methods have been used to account for serial correlation. Either lagged endogenous variables can 

be avoided (Hensher e t  al. 1992), or a specific "heterogeneity" term can be used (Kitmura and 

Bunch, 1989). 

initial conditions are another issue when lagged variables are being used, because in the 

initial year of the survey, no lagged endogenous variables are available for use in estimation. 

- 
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Hensher et. al. (1992), with their use of the expenence and expectations effects, noted this and 

included initial conditions to account for a household's "accurnulated stock of experience at the 

beguining of the survey". Hensher and LePlastrier (1985) constmcted an entirely separate mode1 

for the initial year. These concems should be the subject of M e r  study in the ILUTE 

automobile ownership modelling effort. 

3.6 Observational Unit 

In most studies encountered, the household was used as the observational unit. in essence, 

vehicle ownership decisions were assumed to be made by the household as a group and the 

charac teristics of that household were the factors affecting the automobile ownenhip decisions. 

On the other hand, some studies modelled vehicle ownership decisions as an individual decision. 

Both of these concepts are simplifications about the way vehicle ownership decisions are actually 

made. in some cases, it may be the individual that makes the decision to acquire a vehicle and in 

other cases, it may be the household. In general, a more flexible definition of the observational 

unit would be appropnate. 

The observational unit proposed for this study is termed the decision making unit 0. 
The decision making unit can be defined as a set of persons wii;.thlli a household that make vehicle 

ownership decisions in conjunction with each other. It is assmned that a household may be 

comprised of one or more decision making units, and that a decision making unit may be 

comprised of one or more persons. For example, a household that consists of four students who, 

by and large, act independently fkom each other would be assumed to comprise four separate 

decision making units, as shown in Figure 3.2. On the other h a d ,  a couple with a 28 year old son 

that rnakes decisions independently would be considered a household with two decision making 

units, as shown in Figure 3.3. It is felt that such a flexible definition of the observational unit will 

improve the ability of the mode1 to capture the variables that have a tnie behavioural impact on 

vehicle decision making. 
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Figure 3.2: Example of a four person household with four decision making units 
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Figure 3.3: Example of a three person household with two decision making UILits 
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3.7 Modelling Approach 

A range of different modelling approaches are apparent in the literature and it is important 

to justify the decision to choose one approach over another based on the needs of the LUTE 

model. Each model type does have both advantages and disadvantages, so some judgement is 

necessary to rnake a final decision. One conclusion that can be made is that, given the 

disadvantages of probit models, ordered probi t rnodels, and duration models outlined in Chapter 

2, they do not appear to be very suitable for the ILWTE modelling system. One of the main 

reasons is that none of these models can satisfactorily handle the choice of vehicle type because 

of the large number of unordered alternatives. Non-nested multinomial logit models also appear 

to be relatively simplistic for representing the complex decisions that a household makes with 

respect to their automobile holdings. What remains is that the nested logit model appears to be 

the most appropriate type of mode1 that has been used in the literature. 

Another conclusion is that, in the opinion of this author, the "state-of-the-art" in 

comprehensive automobile ownership modelling is defined by Hensher et. al. (1 992). This is not 

surprishg considering the sheer number of published articles leading to the final model, and the 

large-scde custom built panel survey used to estimate the model. It would be impossible to 

produce such a comprehensive rnodel within the time h e  (or budget constraints) of the ILUTE 

project, however, it may be feasible to incorporate many of the methods used by them into a 

lower-budget, smaller-scale automobile ownership model. 
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Chapter 4: Data Collection 

Data Requiremen ts for Mode1 Estimation 

The data required to estimate a dynamic model of vehicle transactions and vehicle type 

choice is extensive. First, to create a rneaningfûl model, vehicle transactions and the chosen 

vehicle type must be observed (i.e. the dependent variables). A set olmeaningful characteristics 

describing the context of the decision-maker must then also be observed (Le. the independent 

variables) in order to gain an understanding of what affects the decision to make a transaction and 

the particulars of that transaction. Finally, in order to detemine the dynarnic nature of vehicle 

ownership, both the observed choices and the characteristics of the decision-rnaker must be 

collected over a period of tirne long enough to observe behavioural linkages over time. 

Specifically, it was felt that the if the information categories shown in Table 4.1 could be 

observed over a period of tirne of several years, they would be sufficient to create a "state-of-the- 

art" dynarnic model of vehicle transactions. 

Table 4.1 : Monnation categories 

1 The structure of the decision makine unit and m ers on al information about each member 1 
Location and description of positions of employment and post-secondary education 
held by al1 membes of the decision making unit 

-- -- - - - - - - - - -- - - - - - -- - 

Location and description of places of residence of the decision making d 
Income of the decision making unit 
Description of al1 vehicles bought, leased, sold, scrapped, replaced or sirnply held by 
members of the decision making unit . 

The most challenging aspect of these requirements was the tirne period over which they 

should be observed. Several options for acquiring such longitudinal information do exist, the most 

cornmon being panel surveys and retrospective surveys. There was linle confidence that existing 

sources of data kom such surveys wouid dficiently satisQ each of the data requirements for the 

proposed modelhg effort. However, the possibility of creating a somewhat less ambitious model 

based on existing data was considered, provided that the information was relevant to the study area 

and t h e  period and a meaningful model could be created. 
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4.2 Existing Data 

A number of existing sources of data were considered before the decision to conduct a 

fresh vehicle ownership survey was made. Possible candidates included panel surveys of car 

ownership fiom other geographic locations such as the Dutch Mobitity Panel (1 985-1 988) and the 

Sydney Household Panel (1 98 1 - 1985). Other local sources of data that were considered included 

the Transportation Tomorrow Survey, census data, and a data collection effort conducted in the 

Toronto Area in 1982 (see Berkowitz et. al. 1985). It quickly became clear that none of these 

sources of data would be sufficient to estimate the proposed dynamic vehicle transaction model 

for the Toronto area. Data sources were discarded fiom consideration for a range of different 

reasons. The most promising databases, those panel studies that were conducted in other 

geographic locations, were discarded because the sample was not local. Although models could 

have been estimated using those data, a serious question of geographic transferability would have 

arisen. It was by no means certain that data collected from other cities, in other countries and even 

on other continents would result in parameter estimates that would be accurate for the Toronto 

Area Considering that public transit systems are vastly different between many cities, attitudes 

toward vehicle ownership are different among peoples of different countries, the types of vehicles 

available are different and government taxation and transportation policies Vary significantly, it 

was felt that databases originating from outside of Canada would not provide infoxmation 

applicable to the Toronto Area. 

The other data sources fiom the Toronto Area that were considered were discarded fiom 

consideration for other reasons. The Transportation Tomorrow Survey did collect a good range 

of information about the households interviewed, and had an extremely large sample size, but it 

did not ask information about vehicle type and it did not provide longitudinal information about 

households, making a dynamic model impossible to speci@. The 1982 car ownership survey by 

Berkowitz et. al. (1985) was specifically geared toward car ownership, but did not collect 

longitudinal information and was approximately 20 years 016 making temporal transferabili ty a 

serious concem. Finally, census data was considered to be unusable because access to information 

is generally not available at the household level, and automobile ownership data is not collected. 

It was decided that due to the lack of an adequate exîsting data source, a s w e y  would be required 
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to mode1 vehicle transactions in the Greater Toronto Area. 

4.3 Survey Design 

To satisQ the data requirements outlined in Table 4.1, a retrospective survey was designed, 

entitled the Toronto Area Car Ownership Study (TACOS). There were several reasons for 

choosing a retrospective design rather than a panel design. First, a retrospective survey can be 

completed in a short period of time with a single contact with the household, whereas panel 

studies require several years to complete, with multiple contacts. Second, the issues of panel 

attrition, panel fatigue and panel conditioning are not issues in a retrospective survey. The 

potential disadvantage of a retrospective design is that a peson's ability to remember the past 

clearly enough to give accurate responses may be in question. It was felt that automobile 

transactions, changes in residence and employrnent changes would be considered major events in 

most households, and most details would be remembered. 

The TACOS data collection effort consisted of the following components: 

a) A letter of introduction to the study, 

b) A 'primary' telephone interview, intended for the person listed in the database, 

C) A 'secondary' interview, intended for another independent member of the household, 

Components b) and c) were two very sirnilar interviews that in some cases were done in a single 

telephone c d .  In Appendk A of this document is the script of the 'primary' telephone interview, 

a retrospective i n t e ~ e w  designed as the main instrument for data collection, dong with a set of 

instructions given to each intewiewer in the survey manual. The primary' telephone interview 

script hcludes a fair amount of looping, probing, and skipping of questions. Those portions of 

the text that are withui square brackets Vary depending on answers to previous questions, text in 

round brackets are instructions for the interviewer, and the rest of the bold text is spoken by the 

interviewer as shown. The interview script, admittedly, is rather complex and difficult to follow 

on paper. That is one of the reasons a computer aid was designed for the telephone interview. 
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This computer aid will be described in Section 4.3.2. 

The 'secondary' intexview was intended for a member of the same household that makes 

automobile ownership decisions independently h m  the fint respondent, provided such a penon 

exists. The questions asked were identical, however questions about the household in general 

were omitted because they would provide redundant information with the 'prirnary' interview. 

Hence it was found to take a significantly shorter period of tirne. Rior to m e y  commencement, 

it was expected that a relatively small proportion of households (about 10%) would require a 

secondary interview. 

The letter of introduction was sent to respondents approximately one week before the 

interview was to take place. The purpose of this letter, shown in Appendix B, was to briefly 

explain the purpose and justification of the study to the respondent, to prepare the household for 

the types of questions to be asked, to ensure strict confidentiality of the data to be gathered, and 

to inform the household that they would be entered into a d m  for a $250 cash prize if they chose 

to complete the interview. Also provided were a rneans of contacting the s w e y  administrator to 

ask any questions about the survey. Unfortunately, our database did not include the apartment 

numbers for many addresses so some of the respondents did not receive a letter of introduction. 

In these cases some extra explanation of the survey was given to the respondent at the outset of 

the interview. 

4.3.1 Telephone Interview Script 

The telephone interview was designed with regard to several principles of good survey 

design. A substantial effort was placed on making questions easy to understand, ensuring they 

were relevant to the household, ordering them IogicaIly, and removing or skipping questions with 

obvious answers for certain types of households. Questions were organized into eight main 

sections, each with a bief  introduction and rationale for the respondent A bnef description of 

each section is given here, while an in-depth explanation of the interviewing method for each 

question is held in Appendix A. 
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1. Inlroduction 

The introduction was the first personal contact with a household member, hence it was 

considered to be perhaps the most important part of the interview. The introduction was carefùlly 

designed to contact a knowledgeable English-speaking member of the household, to briefly 

introduce the respondent to the study with teference to the letter of introduction, and to build a 

rapport between the interviewer and the respondent. An attempt was also made to keep the 

introduction brief and to arrive at the first question as soon as possible, as it was expected that 

doing so would decrease the refusal rate. 

2. Curreni Household In formation 

The first few questions were considered to be critical to the success of the survey. It was 

hoped that by making the first few questions benign in nature, relatively easy to ansver, 

interesting and relevant, that fewer people would terminate the interview. The tint few questions 

asked are on the topic of the dwelling that the household currently lives in, the number of people, 

vehicles and bicycles in the household. 

3. Person Information 

In order to determine the information to be colIected in the remainder of the interview, it 

was necessary to establish early on what the structure of the household was. As descnbed in 

Section 3.6, the observational unit for the TACOS study is the decision making unit. Because 

detailed information was only required about people that were part of that decision making unit, 

questions were asked near the beginning of the interview about how the members of the household 

were interrelateci. By a s h g  the relationship of each member of the household to the interviewee, 

and subsequently asking the question "If [this person] were to buy a vehicle, would they make the 

decision independently fkom you and ...( list other members of the decision making unit)?", it was 

possible to determine which members of the household were of interest in the primary interview, 

and which people were candidates for a secondary i n t e ~ e w .  The algorithm used to classify the 

structure of the household is shown in Figure 4.1. 
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4. Hozisehold Fmat ion Information 

In addition to limiting the detailed questions of the interview to relevant members of the 

household, it was also necessary to determine the relevant time period for each particular 

household. The latest of the following three dates was used to determine the time penod of 

interest: 

January 1990 was the ultimate cutoff date for al1 households, 

The date the household moved into the Greater Toronto Area (including Hamilton), and 

The date the household formed. 

These limitations on the time period were chosen for several reasons. First, i t was felt that many 

respondents would have difficuity remembering facts with accuracy for a period longer than eight 

years. Second, because available spatial information was limited for areas outside the GTA, it was 

decided that information for other areas would be less useful for the purpose of modeiling the 

GTA. Finally, because a household formation typically involves many other people and 

information fkom previous households, it was felt that attempting to gather and organize 

information fkom before the household was fomed would be overly cornplex for a telephone 

interview. 

5. Veh icl e In formation 

Perhaps the most critical information for vehicle ownership modelling is information about 

the vehicles that were purchased, leased, sold scrapped or simply held by the household during 

the time period of interest. This section of the interview was purposefully placed relatively early 

in the intewiew in order to attain the critical information before the patience of the interviewee 

began to Wear thin. All vehicles that were owned or leased by rnembers of the respondent's 

decision making unit during the time penod of interest were asked about. 

A specific order was used to jog the respondent's memory about previously owned vehicles. 

First, the respondent was questioned about the vehicle acquired most recentty by a member of the 

household. Then, if that vehicle was acquired to replace another vehicle, Somat ion about that 

other vehicle was obtained, and this pattern was continued untii a vehicle was encountered that 
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was acquired before the cutoff date for the household. Hence, a string of replaced vehicles was 

typically inputted, with a relatively mal1 chance that a vehicle in that seing was forgotten. The 

discussion then moved to the next currently owned vehicle and its predecesson. 

Some information (e.g. the type of vehicle, and the owner) was collected about al1 vehicles in 

the household. However, detailed information (e.g. the dates of acquisition, reasons for 

acquisition, etc) was only collected about vehicles that were owned by members of the 

respondent's decision making unit. Detailed information about other vehicles was only collected 

if a secondary interview was conducted. 

6. People who Joined or Le? the Household 

One of the complicating factors in the survey was that people ofken move into and out of a 

household over the years, thereby changing the makeup of the household. This section of the 

s w e y  asked about people who had joined or left the household for more than one year during the 

time period of interest for the household. Any vehicles that those person(s) owned while part of 

the household were also asked about in detail at this point, if they were not already described in 

Part 5 of the interview. 

7. Ernployrnen t In formation 

Perhaps the most difficult questions for the respondent were questions about the employment 

activities of the memben of the decision making unit. Dates of employment, locations and job 

descriptions were obtained with as much accuracy as possible. Dates of retirement and post- 

secondary education were also obtained in this section of the î n t e ~ e w .  

8. Residence Infrmution 

The bal substantive component of the intewiew was the section on residentiai location. 

These questions were placed at the end of the i n t e ~ e w  because they required less effort to 

answer. it was assumed that information about one's place of residence would be easier to 

remember than specifics about the employment or vehicles owned by other members of the 

household. Addresses, dwelling types and parking uifomation were gather for al1 residences of 

the household during the t h e  period of interest. 
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9. Income 

Income was asked at the end of the interview because it is the most sensitive question. 

Expenence in other m e y s  has shown that asking income can affect the responses given to other 

questions (U.S. Dept. of Transportation, U.S. Environmental Protection Agency, 1996). By asking 

the income question last, it is assured that no biased information is given to any other question as 

a result of the income question. Sirnilarly, termination of an interview at this stage would not 

result in an incomplete household observation, with the exception of rnissing income information. 

1 O. Wrap-up of interview 

The interview was wrapped up by politely thanking the respondent for their time. However, 

the opportunity was taken to ask the respondent if they would be interested in participating in a 

future study on a similar topic. Also, at this stage an attempt was made to contact members of any 

other decision making units that were part of the same household, if any existed. 

4.3.2 Cornputer Aid for the Telephone Interview 

The structure of the telephone interview is relatively cornplex. Portions of the interview are 

repeated for different memben of the househoid, some questions are different for different types 

of households, and many questions are skipped when they are irrelevant for the household or the 

answers are obvious Crom responses to previous questions. Because of this complexity, a 

computer aid was designed to guide an interviewer through the questions of the interview. There 

are additional benefits to having a computer aid for the in te~ewing  process. Fint, by building 

the computer aid using database software the answers to interview questions can be entered into 

a flexible database structure directly with little or no coding required after completing the 

interview. Eliminating the coding stage has the eEect of eliminating coding error. Second, a 

computer aid can be used to check for some obvious types of input enor during the interviewing 

process. For example, it is capable of flagging the interviewer for incomplete dates, unredistic 

responses for the age question, or responses that are missing or skipped over by the interviewer. 

Finally, significant savings in survey cost can be realized by improving the efficiency of the data 

collection, eliminating the coding stage, and removing the need for the additional space, 
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organization and paper resources that would be required for a pad and pen survey. It was felt that 

the additional time spent in programming and the additional training requirements for the 

interviewing staff were justified by these benefits. 

The computer aid was programrned in ~ i c r o s o f i ~  ACCESSM 97, a powerfhl relational 

database management system that uses Visual Basic for Applications (VBA) as its programming 

language. This database application was chosen because it satisfied the following requirements 

of the TACOS suwey: 

Alfowed data to be stored in a relational database structure, thereby allowing for significant 

savings in data redundancy, a reduction in complexity, and increased flexibility in analysis, 

Supponed the design of a custornized data entry system complete with prompts for questions, 

online error checks, online database queries for certain questions and a graphical user 

interface, 

Ran well on a Pentium-100 PC, several of which were available for the swey ,  and 

Required reasonable programrning effort to create a usable application for the TACOS survey, 

The database was structured using an object-oriented approach. The data was stored in a 

series of tables, each dedicated to a class of "abjects" such as people, vehicles, jobs, or 

households. Each table contained an ID number and a set of attributes for each individual object 

in the class. Tables were linked using the ID numbers of each object, to enforce groupings of 

people into a decision making unit, decision making units into a household, and so on. A 

simplified depiction of the relational database structure is shown in Figure 4.2. This structure was 

a very flexible and efficient way to store al1 of the data for each household in a way that 

minimized redundant information and substantially reduced the number of "empty" cells that 

would be required if a flat-file database structure was used. 

The user interface for the interviewers consisted of a series of forms that corresponded to 

the interview cornponents Listed in Section 4.3.1. The main user interface for the interviewer is 

show in Appendix C for each of these forms. Each of the questions that the interviewer was 

required to ask was shown on the form (somehmes in abbreviated form) and the answers to the 

questions were entered into the text box beside the question. For questions where the respondent 
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was required to choose fiom a set of possible answen the interviewer selected the answer from 

a drop down box using the cursor keys, automatically preventing many possible coding erron. 

Underlying each of the foms was a section of VBA code that controlled the navigation of the 

cursor through the fom, the message boxes that would appear for certain questions, the command 

buttons that opened the next applicable fom and error handling procedures. Developing this code 

was the most challenging aspect of the design because the navigation within and between forms 

and the wording of many of' the questions varied significantly between different types of 

households. A lengthy testing process was required to eliminate bugs firom the computer aided 

telephone interview and to ensure that the navigation through the forms was correct for al1 

different household situations. 

The cornputer aid was designed in such a way that the data elements could be entered into 

the database using only keystrokes, provided the program was used correctly. However, there 

were a few problems that could occur when the software was used incorrectly, or the interview 

took an unexpected tum. For example, when a respondent changed their mind about a previous 

response, that information could not be easily changed in the database if it was a question located 

on a previous form. For this reason, each fom contained a comment box so that such changes 

could be written down and changed after the i n t e ~ e w  was complete. Interviewers were also 

provided with a pad and pen to write changes or cornments about the household. This method 

effectively compensated for almost al1 of the database shortcomings that could not be 

"programmed out'' within a reasonable time fiame. Overall, the computer aid was not very user- 

Eiendly, but did prove to be effective for the purposes of the TACOS survey. 

4.3.3 Implementation of the Telephone Interview Survey 

Sumple Design 

Two cornmon procedures exist for sampling telephone numbers in a geographic area: 

telephone directory sampling and random digit d i a h g  Each of these methods has both 

advantages and disadvantages, however, it was felt that telephone directory sampling would be 

more appropriate for the purposes of the TACOS survey. First, the initial information available 

h m  a telephone directory sample includes a name and address in addition to a telephone number. 
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This allows for a letter of introduction to be sent out prior to any contact with the household, and 

it also allows the interviewer to ask for the respondent by name. Second, the telephone directory 

sarnpling method saves resources wasted in calling businesses and other non-residential telephone 

numbers that would be included in the random digit dialing method. Third, a recent 

geographically stratified Tele-Direct telephone listing was available at relatively low cost, 

especially since economies of scale were created by ordering sarnple for three concurrent surveys 

being conducted at the University of Toronto at the sarne time. The one major drawback of the 

telephone directory sampling method is that a significant portion of the population of the Greater 

Toronto Area is likely to have unlisted telephone numbers. Hence, the tme population fiom which 

the sarnple is drawn is those in the GTA with listed telephone numbers, which is only an 

approximation of the population. 

The geographic region fkom which the sample was drawn included the districts which 

could be called from either Toronto or Hamilton without incurring long-distance telephone 

charges. This included the area h m  Pickering and Ajax in the east to Stoney Creek and Ancaster 

in the west. Major portions of the GTA that were not included in the sample included Newmarket, 

Oshawa and Whitby. A total sarnple of 1741 households were called. This sarnple was stratified 

by region to ensure geographic representation. 

DescBption of Hardware Fncilities 

The telephone interviews were conducted from two locations to increase the geographical 

representation of the sample without h c d g  long distance telephone charges. Households east 

of Burlington were i n t e ~ e w e d  Eom a central interviewing facility located at the Joint Program 

in Transportation in Toronto. Households in Burlington and the Region of Hamilton-Wentworth 

were interviewed by the author tiom the author's home. 

A central interviewing facility, as opposed to home-based interviewhg locations, was used 

for several reasons. Quality of data is the main advantage of a central facility. In a central facility, 

direct supe~s ion  cm be easily rnaintained, questions can be asked of the supervisor immediately, 

and if respondents have concems or would Like to check the authenticity of the survey a few words 

with a supervisor can be very effective. 

The central interviewing facility set up at the Joint Program in Transportation consisted 
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of four interviewing stations, each with its own telephone line, headset, personal computer, pen 

and notepad. The room was arranged such that inte~ewers were facing away fiom each other, 

rninimizing the noise level in the room and reducing the potential for distractions for other 

interviewers. Noise in the room did occasionally become a problem, however, interviewers were 

instnicted to speak rather quietly into the headset, and were politely rerninded at particularly noisy 

times in the intewiewing sessions. 

Each station required a telephone line, a telephone, and a headset. In order to save on 

costs, extensions were set up fiom existing office telephone lines at the Joint Program in 

Transportation. Four inexpensive telephones were purchased and second-hand headsets were 

found to provide satisfactory transmission and reception properties and were essential in order to 

allow interviewers to use both hands at the keyboard. 

Four stand-alone computers were used at the central intewiewing facility, including three 

Pentium-100 notebooks and a 486 DX 66MHz desktop machine. Microsof€ ACCESS 97 database 

and the TACOS computer aid were installed on each computer, and portions of the sarnple were 

added to each database periodically as the mrvey progressed. The three Pentiurn notebooks 

performed satisfactorily, however, the 486 DX 66 MHz machine was rather slow in running the 

computer aid, causing some uncornfortable pauses in the interviews. This problem was mitigated 

as the interviewers became more familiar with the s w e y  and were able to anticipate the next 

question while waiting for the next computer screen to appear. 

Fhally, a monitoring screen was installed on the supervisor's desk with extension cables 

ninning fkom each of the other three computers. This screen could be connected to any of the 

three computers undetected by the interviewer, allowing quality control to be maintained. To 

provide true data quality checks, it would have been desirable to also provide a monitoring 

telephone line. A simple telephone line split with a "mute" telephone on one end was mled out 

because tests showed that significant interence occurred on the line affecting the quality of the 

interview. The option of setting up a formal "dial-up" monitoring line through the central 

University of Toronto telephone system was prohibitively expensive, required more expensive 

telephone sets and raised issues of privacy for the office telephone lines that were being extended 

for the TACOS survey. Hence, it was decided that no direct telephone monitoring could 

practically be used and the quality control would be limited to listening to the "question" end of 
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the interview and monitoring the "answers" typed into the database. 

The interviewing station set up at the author's home office in Hamilton required relatively 

little set up. A Pentium-150 notebook was used for the Hamilton-Wentworth and Burlington 

portion of the sample. No monitoring took place in Hamilton, as the author and designer of the 

TACOS survey was the only interviewer at the Hamilton station. 

Hurnan resources 

A total of six people were hired to cornpiete the i n t e ~ e w s  nom the central i n t e~ewing  

facility. This included a tearn leader, and five other interviewers. This was felt to be a sufficient 

number to fil1 the four interviewing stations each weeknight and on Saturday afternoons, 

averaging to 16 hours per week per interviewer. 

The ability of the interviewer to administer the interview correctly and effectively is 

probably the most important componerit of the survey process. For this reason, it was considered 

essential to hire hi& quality, expenenced interviewers. Furthemore, a strong team leader was 

necessary because that person was required to manage the central interviewing facility and 

monitor the quality of the intewiews with little direct supeMsion fiom the author, the designer 

of the TACOS survey. For this reason, a relatively generous remuneration rate was offered. The 

team leader was hired at a rate of $1 7.00 per hou, and the interviewers were hired at a rate of 

$10.00 per hour plus a $0.75 bonus for each completed interview. 

The team leader was a telephone interviewer with experience as a team leader in another 

transportation-related telephone interview swey .  This person was hired on the basis of an 

personal interview and on recommendations fkom a previous employer. interviewers were found 

through an advertisement in a local daily newspaper and were hired based on their telephone 

interviewhg experience, the cornpuhg and keyboarding skills, their verbal communication skills 

and their ability to grasp the hindamentals of the survey described during a personal interview. 

The interviews were conducted between Febmary 2, 1998 and March 2 1, 1998, a period 

of seven weeks. The majority of the interviews were conducted on weekday evenings from 

5:30pm to 9:30pm and on Saturdays fkom 12:OOpm to 5:Oûpm. Some interviews were conducted 

during weekdays but the response rate was found to be significantly lower during these perïods 

and c d s  at this time were Limited to some households that were difficult to reach in the evening. 
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Trnining and Supervision 

A significant amount of training was required to prepare the team leader and the 

in te~ewers  adequately to use the computer aid and to conduct the interviews correctly. The 

training was carried out in four stages. First, interviewers were provided with a detailed survey 

manual that explained the nature of the survey, gave interviewing instructions and tips, and gave 

a detailed explanation of each questions in the interview and the methods for correctly coding 

answers. Each interviewer was obliged to read this manual carehlly before the first training 

session. In the second training stage, interviewers were given a demonstration of how to conduct 

a relatively complex interview with the author as the interviewer and the team leader as the 

fictional respondent. Third, each interviewer was then given the opportunity to practice on one 

of the computea, conducting interviews on the author, the tearn leader or another interviewer. 

M e r  between 9 and 14 hours of practice, each interviewer was judged to be ready to make some 

practice "cold-calls" on randornly chosen households from the telephone directory. Finally, aAer 

a few successful "cold-calls", inte~ewers began to cal1 rnembers of the formal sample with over- 

the-shoulder supervision for the first few calls, and periodic supervision using the monitoring 

screen subsequently. 

The training sessions were relatively intense for a few reasons. The interview was a long 

and complex one to leam, compared to other surveys the interviewers had pdcipated in. Because 

of the vaiiety of different household srructures, certain questions would be skipped, questions 

would change according to the type of household that was being in te~ewed and, a secondary 

interview was sometimes required. The TACOS computer aid was not user-fnendly and required 

a lot of practice to prevent computer errors, to l e m  the correct coding procedures, and to be able 

to navigate successfully through the various fields and screens. 

Supe~s ion  was conducted by the tearn leader throughout the length of the interviewing 

period. Supervision was relatively nequent at the beginning of the survey and less fiequent 

toward the end of the inte~ewing penod, when interviewers were more experienced with the 

computer aid and the interview questions. 

Additionally, during the hnt  few weeks of interviewing, all of the data stored on each 

cornputer's database were carefdly checked to h d  cornmonly occurring errors, to determine why 

they were occuning, and to communicate procedural changes to the interviewers. 
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Productiviiy 

The productivity of the interviewers was good considering the length and complexity of 

the telephone interview. At the central interviewing facility in Toronto, a total of 814 pnmary and 

secondary interviews were completed over a total of 558 interviewing hours, resulting in an 

average rate of approximately 41 minutes per completed interview. The average interview length 

was fond  to be 19 minutes, hence, an average tirne period of approximately 22 minutes was spent 

attempting to contact or convince unreceptive households between successfùl i n t e~ews .  The 

completion rate did Vary between interviewers, however, the differences in i n t e ~ e w e r  

productivity were relatively small. 

A full cost analysis of the survey is di ficult because of the many resources that were made 

available by the Joint hogram for Transportation (including the use of the furnished interviewing 

room, and one computer), or that were shared with other surveys (including the three pentium 

laptop computen). Hence, this bnef description of i n t e ~ e w e r  productivity and a continued 

discussion of interviewing statistics in Chapter 5 is considered to be sufficient to evduate the 

efficiency of the survey process. 

One of the pervading problems with data collection on human subjects is that errors cm 

occur. The TACOS survey was by no means immune to this problem; several sources of error in 

the database were identified. First, interviewers occasionally skipped questions or the wrong 

questions were asked. Second, input errors and omissions occurred even if the questions were 

asked correctly. Thîrd, the computer aid was not designed adequately able to handle a.ll of the 

possible (and in many cases, nonsensical) responses to questions asked in the interview. Finally, 

obvious contradictions were evident in some of the responses gîven by respondents. 

Left unchecked, such errors would cause inaccuracies in any statistical inferences made 

usuig the data set, and would cause biases in the resulting vehicle transaction model. However, 

it was recognized that in making corrections to interview responses in order to "salvage" the 

records, the risk of imposing our understanding of what is logical on the response given by the 

respondent might cause additional biases in the data Hence, modest changes were only made to 
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the data where responses were clearly nonsensical and correctable. In cases where more serious 

errors appeared, the records were deemed unusable and rernoved from the data set. Al1 changes 

were documented carefully. 

A systematic procedure was employed in error-checking the data. Errors were identified 

using two separate methods, and a set of logicd rules was drafted to plot the course of action to 

be taken when certain types of "correctable" mors were found. The first error checking method, 

a manual inspection carried out on each of the cornpleted interviews, was done using a set of error 

checking quenes which displayed information for each household in such a way that 

contradictions and omissions would show up clearly. Through this process, it was possible to 

determine the types of mrs that were common, to make judgements about how each type of error 

should be addressed and to make those changes in a consistent way to each record with a 

correctab le error. 

Although the manual error check was comprehensive in that a wide range of error types 

were identified, it did ailow some errors to pass undetected. Hence, once the manual error check 

was completed and a full set of rules was developed to account for al1 identified errors, a second 

query-based error check was done to make sure al1 identified mor  types were treated consistently 

throughout the database. The list of identified errors and the set of logical niles used to respond 

to each type oferror is shown in Table 4.2. Rules were chosen carehlly in order to: 

Prevent major erron kom corrupting the model results, 

Prevent minor systematic errors from causing biases in the model results, 

Prevent biases due to inappropriate choice of rules, and 

Salvage records that would otherwise be unusable because of omissions or contradictions. 
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Table 4.2: Identified errors and actions taken 
- -- - 

Identi fied Error 
Change(s) indicated on error sheet fiom 

m e n t  person records 1 

Action Taken 
Aii change(s) made to database as indicated 

interviewer 
Change@) indicated in cornent boxes for any 
form of the cornputer aid 
Number entered for household size nwnber of 

Nurnber entered for nurnber of vehicles 1 Adjust number of vehicles appropriately 

Ai1 change(s) made to database as indicated 

Adjust household size appropriately 

nwnber of current vehicle records 
Number entered for number of DMUs * number 
of current DMU records 
Two household members are exact duplicates of 

I database. If this causes missing data to be part of the 
interviewee's D M ,  then discard household fiom 

Adjust number of DMUs appropnately 

Delete / combine information into the single person 
each oler ,  one or both of which have-missing 
fields and household size incorrect. 
No Intentiewee reported as one of the members 
Spouses and/or their young chldren (46) are 
entered as distinct DMUs 

Vehicle. jobldegree, residence, penon, DMU, or 1 Delete record. 

- - 

record. 

Discard household fiom sample (computer error) 
Adjust DMU iD to place them in the correct DMU, 
adjust DMU ID at al1 other places it is recorded in the 

call record found that contains no substantive 1 
information (i.e. al1 fields are missing) 
Household type does not coincide with reported Adjust household type appropriately 
people in household. 
Cutoff date * max(January 1990, household Adjust cutoff &te appropriately 
formation date, date moved to urban area) 
Employment Start date > Employment End date 

oeit rcsidence (this was an identifîed problem with the 
computer aid) 

If error is obvious fiom the context of the employrnent, 
then adjust appropriately. If not obvious, then reverse 

Residence Move in Date = Move Out Date 

Residence history does not extend to the cutoff 1 Enter earliest Move In Date as modelling cutoff date 

the dates. 
Adjust Move Out Date to be equal to Move in Date of 

1 person has husbmd, enter femaie. 

Vehcle Acquisition Date c Disposa1 Date 

Vehicle gotten rid of within 6 months of 
acquiring another vehicle, but not indicated as a 
replacement in vehicle record 
Gender field is blank 

New/used vehicle field is blank 1 If Acquisition date <=mode1 year, then enter new, else 

Iferror is obvious fiom context of other traded in 
vehicles, vehicle mode1 years, then adjust appropnately- 
h o t  obvious, then reverse the dates. 
indicate that it is a replacement in vehicle record 

If obvious fiom persons relationship to interviewee, 
then input value. if person has a wife, enter male. If 

1 enter used. 
Person has more than one fùli Mu job/degree at 1 Add to the earliesr jobjdegree an End Date that is equal 
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the same time and the End Date(s) iÜe blank 
Person is independent, and is a cMd younger 
than 30. but no aee of mdependence is entered. 

to the Start Date of the more recent job/degree. 
Enter 19.4 (the average reported age of independence). 
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More than approximately 3 of the above errors 
are present in a single interview 

Discard household from usable sample 

Interview incomplete 
Vehicle Acquisition and Disposal dates missing. 
Vehicle Disposa1 date missing but vehic te le ft 
with household member 
Job, degree, person, vehicle, or residence record 
is before the household cutoff date 

1 Number of parking spaces*parking cost 1 Enter 9999 for number of parking spaces 1 

Discard household from usable sample 
Discard household fiom usable sample 
Enter leave date as disposal date and enter "lefl with 
household rnember" as method of disposal. 
Delete record fkom database 

Current residence has a move out date entered 
Retirement date reported but no previous job 
reoorted 

Delete move out date 
Discard household from usable sarnpte 

1 reported for that person 1 jobddegrees. I 

, >!§250/month 
Employment status does not reflect the jobs 

High school diplorna entered as post-secondary Remove record from database and store separately l cieeree I I 

- - 

Adjust employment status to be consistent with rqxirted 

1 Parking cost Field is blank 1 Enter $0 for parking cost (known computer error) 1 

4.3.5 Coding of Data Elements 

Although the computer aid entered most data elements into the database in such a way that 

no coding was required, certain data elements were entered in a format that would require some 

coding. The most significant of these data elernents from the TACOS modelling standpoint was 

vehicle type. Vehicle types (make, model and vintage) were entered as text fields in the database, 

making it necessary to code vehicles and model-specific attributes after the interview was 

completed. Several sources of information were used to code vehicles appropriately. First, the 

Environmental Protection Agency provides an extensive database of vehicle types, a vehicle class 

categorization, and some associated fuel efficiency characteristics for models ranging 1978 to 

1997. The Used Book (Gillis, various years) provided weight, wheelbase and approximate 

U.S. pnces for used cars in each of the study yean. Representative U.S. pnces for new cars and 

trucks were obtained fkom the Çar Bo& (Gillis, various years) and the Tnick.-4 Bo& 

(Gillis, various years). 

Although the majority of cornmon vehicle types could be coded successfully using these 

sources, some notable coduig difficulties were experienced First, a number of respondents could 

not remember or did not know what the model o r  their vehicle was, resulting in an incomplete 

description of the vehicle type. In such cases, interviewers were instmcted to obtain information 

about the vehicle such as the body type, size and number of doors. Lf such a description was 
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sufficient to reasonably indicate a particular vehicle type then that type was coded. Otherwise, 

information was only coded that was obvious From the description. The second problem was that 

the descriptions of vans and pickup trucks were often insuficient to select a unique model; 

respondents often had difficulty reporthg rnodel information besides that it was a pickup or a van. 

Hence, many trucks and vans could not be coded and vehicle attniutes could not be determined. 

Third, not al1 reported vehicles types were included in each of the sources used, indicating that 

either the respondent mistakenly reported a non-existent vehicle type or the data sources were not 

complete. Hence some information is missing in certain vehicle records. in total, 80.5% of the 

vehicles contain the complete set of attributes listed above and 19.5% contain a partial set of 

attributes. 

4.3.6 Data Transformation 

The purpose of conducting a retrospective survey of vehicle ownenhip was to provide a 

database that could be used to explore the dynamics of vehicle ownership. Of primary interest are 

the ways that household changes over time cm affect the decision to acquire, get rid of, or replace 

vehicles. In order to prepare the data for dynamic modelling, a major transformation of the data 

was required. As shown in Figure 4.2 a relational database was used to store data generated in the 

interviewhg process. Ln this fom, the dates of household events, such as changes in residence, 

job start and end dates, vehicle acquisition and disposal dates, and dates members joined or left 

the household were stored in the appropriate tables. However, a much more convenient f om by 

which the dynamics of vehicle transaction behaviour can be examined is with a set of "yearly 

snapshots" of the decision making unit, as shown in Figure 4.3. Figure 4.3 shows one "199x 

yearly snapshot" while the database includes one of these sets of tables for each year. Such a 

format mimics the Uiformation obtained in a panel survey conducted at yearly intervals. 

The transformation of data kom the original format to the "yearly snapshot" format 

required a significant amount of data manipulation. For exarnple, in order to determine the 

number of licensed drivers in the decision making unit in January 1993, it was necessary to count 

al1 members of the decision making unit that did not join the household f i e r  January 1993, did 

not leave the household before January 1993, and had obtained their driver's license before 
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on January 1, lived in on 
January 1 , 1 9 9 ~  

Ail households 

by DMU betkeen 
January 1 , 1 9 9 ~  & 
December 34,199~ 

1 1 Residences 

/ 199xOisposed 
Vehides 

Ve h ides disposed 
by DMU between 
January 1 , 1 9 9 ~  8 / Decernber 31,199~ 

Existing DMUS on 
I 
I 

Vehicles held by ! 
C 1 January 1 , 1 9 9 ~  

t 
existing DMUs on 

1 1 January 1 , 1 9 9 ~  1 

' ~ e n o n s  in Jobs held and 1 ' existing DMUs on I 
degrees enrolled 

/ Januarv 1 . 1 9 9 ~  . 1 in by 199xfenong 
' on January 1. i 1 199x 

Legend 
i 
1 
1 - Table in which data is stored about a class of objects, 

contain,ing attributes of each individual object in that dass 

1 - Link between two tables where one record in one table ' Îs linked to one remrd in another table 

1 a~ - Link between two tables where one record in one table 
is linked to more Vian one @I ) record in another table i 

I 

Figure 4.3: Structure of the transformed database 
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January 1993. A series of queries were created in the database software to transfomi the data into 

a set of variables that would provide information about the decision making unit at yearly 

intervals. This transformation was a major step toward preparing the data for analysis and 

modelling. 
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Chapter 5: Assessrnent of the Suwey Process 

5.1 Data Quality 

It is well recognized that surveys relying on human responses are always subject to some 

amount of error, and that much of this error can be rnitigated or avoided through good survey 

design. However, even in well designed and heavily tested s w e y  designs there is potential for 

shortcomings in the quality of data. Because the quality of data is of utmost importance to the 

results of any mode1 to be estimated using the data, it is important to examine the quality of the 

data, to identiw particular weaknesses that became apparent during the interviewing process and 

to assess the serioumess of each of these weaknesses. Concems with the quality of data arise fiom 

many sources, including the degree to which the usable sample represents the population of 

interest, erroneous data collected for various survey elements, and missing information due to item 

non-response or mors in s w e y  design or in conducting the interview. Each of these sources of 

enor will be examined in turn in this chapter. 

5.1.1 Representativeness of the Usable Sample 

The degree to which a sample represents the population of interest can be affected by the 

completeness of the sampling Crame, the response rate achieved in the survey, and proportion of 

completed surveys that are considered usable. The cornpleteness of the sampling Erne  has 

already been discussed in Section 4.3.1; suffice it to Say that any systematic bias in the sampling 

h e  due to unlisted telephone numbers was largely beyond the control of the TACOS project 

and it is assumed to be mal1 relative to other sources of bias, 

A more senous potential source of bias arises fiom the relatively high proportion of 

households that were either unreachable or refùsed to complete an interview. Table 5.1 shows al1 

possible r ed t s  of the interviewing process for each household and the number of households that 

corresponded to each remit. In total, 53.7 per cent of the households called completed at least one 

interview. However, an improved measure of the response rate would not include numbers not 

in service, numbers not in the sample or fax machines, leading to a more indicative total response 
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rate of 56.0 per cent. 

Percentage, 
Not hc luding 
Ineligible 
Numbers 

Table 5.1 : Households corresponding to each possible interviewhg result 

However, not al1 completed interviews were considered to be usable. Out of the 935 

households that completed at least one interview, 876 (93.7%) were considered to be usable for 

modelling purposes. The remaining 59 households were discarded due to one of several reasons 

outiined in the error checking procedure. Hence, the usable response rate of the TACOS survey 

was 52.5 per cent. 

A usable response rate of 52.5 per cent is respectable compared to other telephone s w e y s  

in the Literature, however, the potential for significant bias does exist if responding households 

have different characteristics or car ownership behaviour than non-responding households. We 

can test for the overall representativeness of the usable sample by cornparhg statistics f?om the 

TACOS survey to other reliable sources of data for a similar geographical area, such as the 

Canadian 1996 Census or the 1996 Transportation Tomorrow S w e y  (TTS), a large scale 

transportation survey executed in the Toronto Area Cornparisons of household size distribution, 

geographic distribution, dwelling type distribution and the number of vehicles per household are 

shown in Figures 5.1 to 5.4, respectively. 
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Percentage of 
Raw Sample 

49.3% 
4.4% 
20.9% 

Interviewing Result 

Completed 1 interview 
Completed 2 interviews 
Re fused 

Number of 
Households 

858 
77 
364 

Started but terminated inteiview 
Called in refusal (on answering machine) 
Eight or more calls with no completion 
Nurnber not in service 
Not in sarnple (long-distance or non- 

! residential) 
Language barrier 
3 calls to fax machine 
Other 
To ta1 

47 
5 
2 14 
44 
14 

73 
14 
3 1 
1741 

2.7% 
0.3% 
12.3% 
2.5% 
0.8% 

4.2% 
0.8% 
1.8% 
100% 
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Numkr of people in housohold 

ETACOS ECensus 96 (Harmlton CMA + Toronto CMA] 

Figure 5.1 : Household size distribution - TACOS vs. 1996 Census 

Figure 5 2 :  Geographic distribution - TACOS vs. 1996 Census 
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-- - 

Figure 5.3: DweIling type distribution - TACOS vs. 1996 Census 

Figure 5-4: Number of vehicles per household - TACOS vs. 1996 TTS 
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The distribution of household size indicates that the TACOS survey slightly under- 

represents single person households, but slightly over-represents households with three or four 

people. It is possible that this bias occurs because in smaller households there are fewer people 

in the household that may be home during the tirne of the calls. Additionally, it is probable that 

single penon households are more likely to have no telephone or to have unlisted nurnbers. 

The geographic distribution of the TACOS usable sarnple reasonably resembles that of 

1996 Census data. However, there appears to be an over-representation of households in 

Brampton, Markham, North York and York; whereas households in Hamilton, Burlington, 

Etobicoke, Oakviile and Mississauga are slightly under-represented. These differences may 

partially be athlbutable to actual population shifts between 1996 and the TACOS study period, 

or they may be due to sarnpling or response bias. 

The dwelling type distribution shown in Figure 5.3 shows that the proportion of 

households contacted that live in single detached houses or apartments with 5 or more storeys is 

approxirnately the same as that of the 1996 Census. 

Finally, by cornparhg the number of vehicles held by households in the TACOS survey 

to those contacted in the TT'S survey, it is apparent that no major bias in the TACOS data exists. 

Overall it is felt that the differences between the TACOS sample data, the 1996 Census data and 

the 1996 TTS were small enough to be ignored, particularly since actual changes in the population 

rnay have occurred between 1996 and the TACOS study period and much of the difference rnay 

be due to the slightly different geographic areas covered by each of the surveys. 

5.1.2 Erron, Missing Fields, Item Non-response 

Through the error checking procedure, a large nurnber of small errors were identified and 

the rules outlined in Table 4.2 were used to make reasonable corrections to the data. Table 5.2 

shows the number of household records for which at l e s t  one minor correction was made. 

Adrnittedly, a relatively high proportion ofhousehold records did contain errors. However, 

it must be considered that in the large majority of those records an error in a single field was found 

and that the number of fields Wed for each interview totaleci in the hufldreds. In such an in-depth 

interview, it is not surpnsing that the occurrence of emon was high. Furthemore, for many types 
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Table 5.2: Results of the error checking procedure. 

Result of Error Checking Procedure 
Household record considered usable 

Nurnber of Household Records 
544 

with no changes made 
Household record considered usable 

[ major or numerous errors I I 

332 
with at least one minor change made 
Household discarded because of 

of errors, the source was obvious and the required remedy was apparent, adding little to no bias 

to the sarnple. For less obvious errors, the most reasonable coune of action was taken to correct 

the error, keeping any bias as minimal as possible. It is felt that the biases introduced by 

correcting errors in the data are smaller than those that would be caused by discarding those 

records fiom the usable data set, or by leaving them in the data set uncorrected. 

Ln some cases, fields were left blank by interviewers, when the answer to the question 

should have been entered into the field. For some types of missing information, the value could 

readily be imputed, as s h o w  in Table 4.2. For exarnple, if the interviewee describes the next 

person as her husband, but leaves the gender field blank, it is apparent that penon is male. 

However, in the majority of cases, the information was not easily imputable and a "missing value" 

code was entered. The most common rnissing fields for which no correction was made are s h o w  

in Table 5.3 

59 

Table 5.3: Occurrence of non-correctable rnissing values 

Field 
Number of parking spots 
Cost per parking space 
Other owner 
Tenue 

Item non-response was another source of error that could not be avoided, although attempts 

were made by the interviewers to ease the respondents' concems when they wished no t to answer 

specific questions. As expected, the questions that respondents most commody refùsed to m e r  
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Number of "Missing Values" 
66 
14 
12 
11 

Fuel type 
Number of other drivers 
Total of all other fields 

9 
7 
33 
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were those conceming income, age, and specific location infomation. A total of 53 respondents 

(5.7% of the usable sample) refused to answer the income question, age was refuseci for 20 persons 

(0.8% of persons in the usable sample) for whom information was gathered, and for several home 

and work locations a general geographic area was reported rather than a specific address or Street 

intersection. 

The extent to which respondents were able to answer questions precisely is not known with 

certainty. However, through the interviewing process it was found that respondents did have 

difficulty with certain questions. First, there was some difficulty remernbering the month and year 

of household events that occurred several years in the past. Second, many respondents could not 

Say with certainty the rnake, mode1 and vintage of previously owned (and sometimes even 

currently owned) vehicles. Also, when a respondent was asked for the details of another 

household member's employrnent, many of the answers were the %est guess" of the respondent, 

rather than clearly recollected information. Finally, for 19 households, the income was not known 

by the respondent, although this response may have been given for reasons of confidentiality in 

some cases. Because of the retrospective nature of the s w e y  and the large amount of information 

to be recalled from the past, it is anticipated that much of the information &orn the early 1990's 

is relatively imprecise. Hence, in creating models using the TACOS database one should consider 

whether the imprecision warrants adjusting the observational period for rnodelling purposes. 

5.2 Other Intemewing Statistics 

Although the prirnary purpose of conducting a large-scale telephone interview survey is 

to attain a valuable data set, important experience is also gained as to how well different aspects 

of the interview process worked, how they may have been Unproved and whether they were worth 

the additional cost incurred. Certain statistics concerning the intewiewing process were coilected, 

bringing us to some g e n d  conclusions about the smey  process. Specifically, we can judge the 

effect of the letter of introduction on response rate, the effectiveness of the eight cdlbacks, and 

the effect of the tirne and day of cal1 on response rate. 

The letter of introduction is nomally considered an essential component of the Total 

Design Method for telephone interview sweys @ilhan, 1978). As it establishes pnor contact 
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with a household before the cal1 is received, it is meant to prepare the household for the interview 

and significantly improve the response rate of the survey. Although a letter of introduction was 

sent to each of the 1741 households in the raw sample prior to the interview, 264 (15.2%) of those 

letters were retumed, and 10 1 3 (5 8.1 %) of the respondents did not remember reading or admit to 

reading the letter. Essentially, if the letter is retunied we know that the respondent did not read 

the letter, but we are uncertain whether those letters that were not retumed were actually read. On 

the other hami, if a respondent says that they did read the ietter it is likely that they are telling the 

truth, whereas if they deny knowledge of the letter contents it may be simply an attempt to 

teminate the interview. Figures 5.5 and 5.6 show the different household results that occur 

depending upon whether the letter was sent back and whether they admitted to receiving the letter. 

From the graphs, we cm see that if the letter is not returned the response rate tends to be 

significantly higher and if the respondent admits to reading the letter the response rate jumps even 

more significantly. These results substantiate the Total Design Method theory that letters of 

introduction significantly irnprove survey response rates (Dillrnan, 1978). 

At the outset of the sunrey, it was decided that eight callbacks would be a reasonable 

number for households that were difficult to make contact with. This decision was made in an 

effort to weigh cost and interviewing resources against the possibility of an increased overall 

response rate. In particular, a total of 214 (12.3%) of the households had been called eight times 

without a completion or a refusal, indicating a strong potential for increase in the response rate. 

However, as shown in Figure 5.7 the completion rate for households steadily diminished as the 

number of calls increased (note that there is a high completion rate for 9 or more callbacks because 

the ninth callback was made only if a specific callback time was arranged with the respondent). 

This is understandab le considering that househo lds that screen their calls, are on extended 

vacations, are consistently away fiom home during interviewhg hours, or simply do not answer 

thek telephone, are basically unreachable no matter how many cailbacks are made. Considering 

the limited retunis that would likely have resulted from extra callbacks, it is felt that eight 

callbacks was an appropriate cuto ff. 
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Figure 5.5: interview results - letter renuned vs. letter not returned 

, 

Figure 5.6: interview results - letter read vs. letter not read 
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The vast majority of telephone calls were made on weekday evenings and Saturday 

aflernoons, although a handful of calls were made during the day for difficult to reach households. 

Figures 5.8 and 5.9 show the completion rate for different times of day and for different days of 

the week, respectively. 

These cornparisons show that the most effective interviewing period is on Tuesday evening 

and the least effective in te~ewing  periods are Fnday evenings and Saturday afternoons. 

Interviewing also appears to be slightly more successful between 7pm and lûpm on weekday 

evenings, relative to other times of the day. However, the differences do not appear to be highly 

signi ficant. 

The length of the interview was found to Vary widely, depending on the size of the 

household, the number of vehicles, jobs and residences to cover and ability of the respondent to 

answer questions quickly. Figure 5.10 shows the distribution of interview length for both the 

primary and secondary interviews. The average length of interview was found to be 18.8 minutes 

for the primary interview and 7.4 minutes for the secondary interview, substantially longer than 

was expected, based on the findings of the s w e y  pretest, in which an average tirne of less than 

15 minutes was found for the primary interview. Although some of the interviews were quite 

long, there were relatively few respondents that terminated the interview because of its length. 

Only 47 (2.8%) of the households in the sample actually terminated the interview, and the 

rnajority of those terminated near the beginning of the interview. However, the length of the 

interview may have caused respondents to under-report employment, one of the components near 

the end of the interview. 
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.No Contau 
Made 

i 
Figure 5.8: Cal1 resulu for each tirne of day 

Man Tue Wed Thu Fn Sat 
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! .NO Contact 1 
Made 

! 

Figure 5.9: Cd1 results for each &y of week 
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Chapter 6: Preliminary Results 

6.1 Introduction 

There are several aspects of vehicle ownership and transaction decisions that can be 

explored using the TACOS database. The information available from this high quality database 

is sufficient to support almost any of the model types presented in Chapter 2, with the exception 

of some that rely on uncollected variables such as vehicle usage. However, pnor to conducting 

a full-scale modelling effort, it is useful to explore some of the relationships using a simpler, more 

traditional approach. The understanding gained from a comprehensive exploration of the data 

allows us to understand the relationships that appear to be most prevalent, to understand which 

variables appear to be unrelated to vehicle ownership decisions, and to achieve a general 

familiarity with the data. This is a necessary step in the formation of robust, defensible rnodels 

and to prevent mode1 mis-specification. 

The analysis presented in this chapter is limited to a univariate analysis of the data, 

measuring the relationships of one explanatory variable at a time and reporting the most 

significant of these results. Obviously, there are lirnits to what can be achieved through a 

univariate analysis. One carmot show the combined effects that different variables can have on 

vehicle ownership, explore the effect that correlation between explanatory variables can have in 

a model, or gain a full understanding of compensatory behaviour in vehicle ownership decision- 

making. However, many of these issues can be better addressed in the process of building models 

of vehicle ownership and such a modelling effort is beyond the scope of this research effort. 

Four types of univariate analysis were conducted: an analysis of vehicle transactions, an 

analysis of vehicle duration, an analysis of vehicle type choice and an analysis of consumer loyalty 

in vehicle acquisitions. 
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6.2 Vehicle Transactions Analysis 

6.2.1 Description of Data Used 

The data used for the vehicle transactions analysis included variables korn the transformed 

database, as descnbed in Section 4.3.6. The dependent variable in each part of the analysis is the 

transaction type observed during a given year. The transaction type is a rather complex variable, 

because a wide range of different types of transaction combinations c m  occur within a year. In 

fact, a total of 18 different transaction combinations were observed in the TACOS database. 

These combinations were relatively rare in most cases and for the purpose of this analysis were 

assumed to be equivalent to one of the more common transaction types. The assumed equivalent 

transaction types are shown in Table 6.1. This simplification was felt to be preferable to removing 

the complex transactions fiom the database. 

The independent variables analyzed included a range of characteristics of the decision 

making unit evaluated on January 1 of the year of the observed transaction. It is assumed that al1 

transaction decisions during that year are based upon the characteristics of the decision making 

unit at the beginning of the year. This was felt to be a reasonable time aggregation for the 

purposes of this study with acceptable potential error. For most variables of interest, the 

retrospective information provided through the TACOS survey allowed the values to be computed 

at the at the tirne of the January 1 bbsnapshot" with accuracy. However, some explanatory variables 

such as income were collected only for the time of the interview making it necessary to assume 

values for previous "mapshots" in time. For this analysis, income was assurned to be unchanged 

over the study penod. 

Not al1 observations prepared in the data transformation stage were actually used in the 

analysis. Only the Fust few months of 1998 were observed (the interviews were conducted in 

Febniary and March of 1998), so the "do nothing" transaction type would be over-represented and 

the other types of transaction would be under-represented Hence, the 1998 observations were not 

included in the vehicle transaction andysis. 
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Table 6.1 : Equivalent transaction types for analysis of vehicle transactions 

Equivalent Transaction Type 
Asswned I Transaction Type Observed Number of 

Observations 

Replace 1 Vehicle 
Buv 1 Vehicle Buv Onlv 1 

1 Dis~ose Of 1 Vehicle 
1 Reolace 2 Vehicles 

Buy 2 Vehicles 
Dispose of 2 Vehicles 
Redace 1 Vehicle. Buv 1 Vehicle Buv OnIv I 

1 Reolace 1 Vehicle. Dimose of 1 Vehicle Dispose 
Redace Buy 1 Vehicle, Dispose of 1 Vehicle 

Buv 2 Vehicles. Redace 1 Vehicle Buv Onlv 1 
1 Buv 1 Vehicle. Rmlace 2 Vehicles 

Buv Onlv 

1 Redace 2 Vehicles. Disoose of 1 Vehicle 
Buy 3 Vehicles, Replace 1 Vehicle 
Buy 2 Vehicles, Dispose of 1 VehicIe 
Buv 1 Vehicle. Dimose of 2 Vehicles 
Buy 1 Vehicle, Replace 1 Vehicle, Dispose 
of 1 Vehicle 

Replace 

Buy 3 Vehicles, Replace 1 Vehicle, 
Dimose of 1 Vehicle 

-- - 

1 1 Replace 1 1 Replace 4 Vehicles, Buy 1 Vehicle 

6.2.2 Results 

The rate of each of the equivalent transaction types are shown in Table 6.2. It is evident 

f?om these figures that by fa, the most common action taken by a household is to do nothing with 

respect to their vehicle holdings. Vehicle replacements are the next most common type of 

transaction and disposais are by far the lest  comrnon type of transaction. These rates appear to 

be reasonable considering that a large number of households buy a car once, when they are 

relatively young, and continue to replace it every few years indefinitely. 
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Table 6.2: Transaction rates for the full sarnple 

A series of cross tabulations were created to show how various household characteristics 

Transaction Type 
Do Nothing 
Replace 
Buv ûnlv 

are associated with transaction rates that are different from those of the full sample. Table 6.3 

shows that income is correlated strongly with both the decision to replace or buy only, but less 

Number of Observations 
4369 
643 
38 1 

strongly related to the decision to dispose of a vehicle. As expected, the probability of replacing 

Percentage 
79.9% 
11 3 %  
7.0% 

a vehicle or buying a vehicle increases steadily with increased income, in fact, a decision making 

unit with income over $75,000 is almost three times as likely to replace and almost six t h e s  as 

likely to buy only than a decision making unit with an income less than $15,000. 

Table 6.3: Transaction rates for different income groups 

Income Range Number of Probability of Probability 
of Decision Observations Do Nothing of Replace 
Making Unit 1 1 1 

over $75,000 1 1171 1 71.4% 1 17.3% 

Probability Probability 
of Buy Only of Dispose 

The number of vehicles held by rnembers of the decision making unit also has a very 

strong influence on the type of transaction that takes place in a given year, as s h o w  in Table 6.4. 

As expected, the greater the number of vehicles owned, the greater is the probability that the 

decision making unit will replace or dispose of one of those vehicles. A larger number of held 

vehicles is also associated with a decreased rate of buying only, which is reasonable considering 

that most households only wish to hold two or possibly three vehicles at most. 
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Table 6.4: Transaction rates by number of vehicles held 

The size of the decision making unit also has an impact on vehicle transaction decisions. 

However, there are several measures of decision making unit size that give very similar results, 

presumably because the measures of size are strongly correlated with each other. In cornparhg 

the effect of the number of children, the number of adults, the nurnber of licensed drivers, it 

appean that the clearest trends emerge in the relationship of the nurnber of licensed drivers to the 

transaction choice. Table 6.5 shows that the greater the number of licensed cirivers in the decision 

making unit, the more likely becorne the buy only and replace options. The disposa1 rate also 

appears to increase with the number of licensed driven, but the midl nurnber of disposais casts 

doubt upon this trend. 

Nurnber of 
Vehicles Held 
O 
1 
2 

Table 6.5: Transaction rates by number of licensed drivers 

Number of 
Licensed 
Drivers 

Number of 
Observations 
1276 
2562 
1374 

It is reasonable to believe that the greater the number oflicensed driven in the household, 

Probability of 
Do Nothing 
85.7% 
80.9% 
75.7% 

Number of 
Observations 

the more vehicles will be needed on average to M l 1  their travel needs. For this reason, it is 

important to assess the cornbined effect of the number of licensed drivers and the number of held 

vehicles on transaction decision. Table 6.6 shows how the nurnber of drivers in excess of vehicles 

Probability 
of Replace 
2.6% 
1 1.5% 
19.1% 

Probability of 
Do Nothing 

held affects the transaction decision. Here the numbers show quite clearly that as the number of 

drivers in the household exceeds the nurnber of vehicles, the pressure to buy vehicles increases 

Probabiiity 
of Buy Only 
1 1.6% 
6.5% 
3 ,4% 

Probability 
of Replace 

dramatically and the pressure to dispose of held vehicles without replacing them decreases 

Probability 
of Dispose 
0.0% 
1.1% 
1.8% 

Page 80 

Probability 
of Buy Only 

Probability 
of Dispose 



Toronto Area Car Ownership Study: A Longitudinal Survey and a Prelkhry Analysis of Results 

dramatically. A decreasing trend for vehicle replacements is probably due to the decreased 

number of vehicles held which need to be replaced fiom time to tirne. 

Table 6.6: Transaction rates by number of licensed dnven in excess of vehicles held 

Drivers - Number of Probability of Probability Probability Probability 
Vehic les Observations of Replace of Buy M y  of Dispose 
<O 3 12 73.1% 15.7% 3.5% 7.7% 

One of the questions that can be explored is whether the choice to own a house is linked 

to the decision to make vehicle transactions. One would expect that home ownen would be more 

likely to be vehicle owners because they genetally have better access to financial resources, rentai 

units are more likely to be seMced well by public transit than owned units, and because family 

size in owned units may be greater than in rentai uni&. As shown in Table 6.7, there does appear 

to be such a link. Home owners are more likely to replace a vehicle and more likely to dispose 

of vehicles then renters. However, the probability of buying a vehicle is approximately equal 

between owners and renters. This is possibly due to competing influences; while renters may be 

younger and more Wrely to buy their first car, home owners are more ke ly  to have the financial 

resources to make that transaction. 

Table 6.7: Transaction rates by housing tenure 

The context of the decision making unit in time and space also appears to have an 

important bearing on vehicle transaction decisions. Table 6.8 shows the changes in transaction 

rates that have occurred in the t h e  period between 1990 and 1997. In general, activity in the 

vehicle market appears to have increased overall with the highest level of activity in 1997. This 

increasing trend rnay be caused by several different factors. Fint, an improving economy since 

Housing 
Tenure 
Rent 
Own 
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Number of 
Observations 
1 849 
3568 

Probability of 
Do Nothing 
84.2% 
77.7% 

Probability 
of Replace 
8.0% 
13.8% 

Probability 
of Buy Only 
6.8% 
7.0% 

Probability 
of Dispose 
1.1% 
1.5% 
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the economic downturn in the early 1990s may partially explain the trend toward increased 

transaction activity. Second, there may be a change in demographics over this time period that 

is linked to vehicle transactions. Third, there rnay be some bias in the sampling caused by only 

observing decision making d t s  since they were formed or moved into the GTA. It could be that 

decision making units that were recently formed pence, under-represented in the earlier years of 

observation) show greater transaction activity contributing to an apparent trend. Finally, vehicle 

transaction in earlier years may be under-reported or forgotten by the respondent, leading toward 

an apparent trend. It is important to view these values with caution, as the trend may partially be 

caused by survey method. 

Table 6.8: Transaction rates by year 

Probability of 
Do Nothing 
82.4% 

Probability 
of Replace 
10.6% 

Probability 
of Buy Only 
6.6% 

Probability 

1.2% 

Geographical location appears to also have a bearing on the rate of vehicle transactions. 

Table 6.9 shows the transaction rates for cities or towns for which at least 100 observations were 

made. The cities are listed fkom those with the least activity in the vehicle market to those with 

the most activity. Table 6.9 does show that urban areas show a significantiy lower activity rate 

than suburban areas. Toronto, York, Etobicoke, North York and East York, which are all located 

relatively close to the City of Toronto's downtown area, show replacement rates of 0.1 14 and 

lower. On the other hand, the more subuhan orientai cities of Brampton, Mississauga, Oakville, 

Burlington, Markham, Thomhill and Pickering show replacement rates that are each greater than 

0.1 14. The trend, however, is not so clear for the buy ody and the dispose transaction 

alternatives. 
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1 York 

1 East York 

c tion rates in di fferent geographical areas 

Number of Robability of hobability Probability Probability 
Observations Do Nothing of Replace of Buy ûnly of Dispose 
1 04 88.5% 7.7% 3 -8% 0.0% 
IO1 1 86.9% 6.3% 5.3% 1.4% 
370 84.3% 9.5% 5.4% 0.8% 
632 8 1.3% 1 1.2% 6.5% 0.9% 
476 81.1% 12.4% 4.8% 1.7% 
51 1 80.2% 1 1.4% 7.2% 1 1.2% 
166 79.5% 10.2% 9.6% l 0.6% 
262 77.9% 1 3.4% 6.9% 1.9% 
652 77.5% 1 1.5% 1 0.4% 0.6% 
210 75.2% 14.8% 8.1% i .9% 
175 74.3% 17.1% 4.6% 4.0% 
116 74.1 % 19.0% 3.4% 3.4% 
139 72.7% 18.7% 7.9% 0.7% 
1 O0 71 .O% 17.0% 10.0% 2.0% 
110 68.2% 2 1.8% 10.0% 0.0% 

Severai other explanatory variables were tested for their effect on the type of transaction 

made but they did not produce significant results. These results are displayed in Appendix D. 

Vehicle Duration Analysis 

63.1 Description of Data Used 

The data used for the vehicle duration analysis was somewhat different than that used for 

vehicle transaction analysis. A vehicle duration is dehed as the t h e  that passes between the date 

of vehicle acquisition and the date of vehicle disposal by a decision making unit. For this anaiysis, 

dl vehicles reported by decision making units within the study were used, except for those that 

had not been disposed of during the decision making unit's study penod. Vehicles that were still 

held at the time of the intexview were not included because the full duration is not observed; only 

a lower limit on the duration is known and the duration spell is termed to be right censored. 

Because the purchase date of al1 reported vehicles are known, left censoring does not occur in the 

database. One possible source of bias using this sarnple of vehicles is that a single decision 
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making unit may have reported several vehicles that are included in the analysis. Systematic bias 

might arise due to this sarnpling procedure because unobserved decision making unit attributes 

rnay have an effect on vehicle duration spells. For this preliminary analysis, such bias is assumed 

to be negligible, and exploring methods of dealing with such bias is left as a future exercise. 

The explanatory variables used in this analysis include some attributes of the vehicle and 

some attributes of the decision making unit in possession of the vehicle. Attributes of the decision 

making unit, such as the number of people in the decision making unit and the age of people in 

the decision making unit were evaluated at the disposal date of the vehicle. This is a 

simplification; in reality the household attributes throughout the vehicle duration are likely to have 

an effect on the length of the vehicle duration. However, this simplification is necessary because 

decision making unit attributes are only available in the database throughout the study period of 

the decision making unit, while the vehicle duration may extend before the study period. 

6.3.2 Results 

in total, the database included 788 vehicles for which both a date of acquisition and a 

disposal date were reported. The average duration for these vehicles was 5.52 years with a sarnple 

standard deviation of 3.66 years. The distribution of vehicle durations is shown in Figure 6.1. 

Several vehicle attributes were considered in trying to explain the variation in vehicle 

duration lengths. Table 6.10 shows the difference in vehicle duration between owned and leased 

vehicles. It is apparent fkom this table that leased vehicles are held less than half as long, on 

average, as those that are owned by the decision making unit. This is understandable because 

when a lease expires a decision makùig unit is typically required to make a cash outlay to retain 

the vehicle in their possession, and the option of retuming the leased vehicle becomes convenient 

and attractive. 
2i 
4 

1 
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p~ C 
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Table 6.10: Duration lengths for owned and leased vehicles 

Vehicles that are used when they are purchased also show significantly lower mean 

duration than do new vehicles, as show in Table 6.1 1. The most convincing explmation for this 

trend is that older vehicles are generally more likely to experience mechanical problems and are 

less enjoyable to drive than newer vehicles. Figure 6.2 further displays this trend by showing a 

fairly clear relationship between the age of used vehicles at the date of acquisition and the length 

of ownership duration. The older the vehicle at the date of acquisition, the shorter the mean 

vehicle duration. A linear regression performed on the data produced an R~ of 0.13 and the dope 

of the regression line was found to be statistically different from zero with a 95% degree of 

confidence. 

Table 6.1 1 : Duration lengths for new and used vehicles 

2 

Standard Deviation of 
Duration (years) 
3.70 
1.38 

* means are significantly different at 99% confidence level 

Mean Length of Duration 
(years) 
5.83* 
2.69' 

Owned 
Leased 

Nurnber of 
Observations 
710 
74 

Number of 
Observations 

The type of vehicle that is acquired also appears to have some bearing on the length of 

New 1411 
Used 1 375 

vehicle duration. Table 6.12 shows that the mean duration for domestic vehicles is the lowest, 

Mean Length of Duration 
(~ears) 

followed by Japanese models. European vehicles are held the longest with an average of 6.02 

Standard Deviation of 
Duration (years) 

* means are significantly different at 99% confidence level 

6.28* 
4-62" 

years. 

3.55 
3.32 

Page 86 



Toronto Area Car Ownership Study: A LongituW Survey and a PreIiminary Anaiysis of Results 

Page 87 



Toronto Area Car Ownership Study: A Longitudinal Survey and a Preliminary Analysis of ResuIts 

Table 6.12: Duration lengths by manufacturer ongin 
r - 

Domestic 

An examination of the mean duration of différent classes of vehicles showed that cars were 

Japanese 
European 

held significantly longer than pickups, vans and special purpose vehicles, as shown in Table 6.13. 

Number of 
Observations 
560 

Further sub-classes of vehicles, such as subcompact cars, compact cars, etc. did not show 

* means are significantly different From domestic at 60% confidence level 

179 
42 

conclusive results in terrns of their duration, partially because there were relatively few observed 

Mean Length of Duration 
(years) 
5.35 

vehicles for each class. 

Standard Deviation of 
Duration (years) 
3.52 

5.63" 
6-02" 

Table 6.13: Duration lengths of cars and non-cars 

3.28 
3 .90 

* means are significantly different at 99% confidence level 

Pickups, vans, special 
purpose vehicles 
Cars 

The characteristics of the decision making unit have an effect on vehicle duration, but 

fewer conclusive relationships were fond  for these exp lanatory variables. One determinhg factor 

in the length a decision making unit decides to keep its vehicle is the age of the vehicle owner. 

ûwners that are older tend to keep their vehicles for longer periods of tirne, as shown in Figure 

6.3. The slope of the linear regression line (Le. the average change in vehicle duration per year 

of owner's age) is significantly different fiom zero with a 95% level of confidence. The R~ 

statistic for this regression was found to be 0.074, indicating a somewhat poorer fit in the 

regression than that for vehicle age. 

Several other explanatory variables were tested for their effect on vehicle duration, but the 

results were not found to be as significant. These results are displayed in Appendix D. 

Page 88 

Nunber of 
Observations 
375 
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5.54* 
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6.4 Vehicle Type Choice Analysis 

6.4.1 Description of Data Used 

The vehicle type choice analysis was conducted on data compiled fiom the transformed 

database described in Section 4.3.6. The analysis was carried out on all vehicles that were 

acquired in the time period from Ianuary 1990 to March 1998, a sample of 1 158 vehicles in total. 

The following four vehicle characteristics were explored as dependent variables: 

New vs. Used vehicles 

Manufacturer Ongin (Domestic, Japanese, or European) 

Vehicle Class (e.g. subcompact, compact, pickup, etc.) 

Estimated Purchase Price 

A range of explanatory variables were examinecl to provide some explanation for the types 

of vehicles acquired by decision making units with different characteristics. The explanatory 

variables include information about the composition of the household, the jobs that are held, the 

dwelling of the decision making unit and other information about the acquired vehicle. These 

explanatory variables are evaluated on January 1 of the year in which the specific vehicle was 

acquired. As in the vehicle transaction analysis presented in Section 6.2, the income and 

maximum education variables were only available at the t h e  of the interview, and it was 

necessary to assume that income and education of DMü members rernained unchanged over hme. 

In cases where either a dependent variable or an explanatory variable were not observed, the 

vehicle was excluded £iom the analysis of that particular variable, but not from the entire vehicle 

type choice analysis. 

6.4.2 Results: Choice of New vs. Used Vehicles 

The vehicle type choice anaiysis for the aforementioned dependent variables produced results that 

for the most part conform with our a priori expectations of vehicle type choice behaviour. Table 
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6.14 shows the significant numerical results of the analysis of the choice between new and used 

vehicles. From these values, the following conclusions can be made. 

Vehicles acquired by a decision making unit @MU) are more likely to be new if: 

)MU has higher income, 
O males are present in the DMU, 
here is at least 1 female in the DMU, 
ne maximum education level in the DMU is higher, 
ne vehicle owner is female, 
iere are no jobs held by members of the DMU, 
iere are one or more retired DMU rnembers, 
le dwelling is a single fmily home, 
le dwelling is owned, 
le vehicle is a Japanese model, 
le vehicle is leased, or 
le vehicle is acquired as a replacement for another vehicle. 

Vehicles acquired are more likely to be used vehicles if these conditions are not hilfilled. 

The results shown in this component of the analysis conform with our a priori expectations about 

vehicle type choice behaviour. As expected, incorne is a strong deterrnining factor in the choice 

of whether to acquire a new or used vehicle. As used vehicles generally are less expensive to buy 

than new vehicles, it appears reasonable that less wealthy decision making units would be more 

inclined to buy cheaper vehicles. The variables describing the gender of household members 

appear to uphold the hypothesis that women prefer to acquire new vehicles, perhaps because of 

a reluctance to decl with the uncertainty inherent in acquiring a used vehicle. Several other 

variables, including the maximum education level, the number of licensed drivers, and the tenure 

and type of dwelling are also positively conelated with the acquisition of new vehicles. However, 

each of these variables is likely correlated with income, casting uncertainty on theu explanatory 

value for this anaiysis. 

in addition to the characteristics of the decision making unit, attributes of the acquired 

vehicle also show some relationships to the chance that the vehicle is new. Japanese vehicles are 

more likely to be acquired new, as are leased vehicles. Finally, a vehicle is more likely to be new 

if it is acquired as a replacement for another vehicle. This result is expected because the sale value 

of the replaced vehick can be put toward the acquisition of a the replacement vehicle, making 
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Table 6.14: Analysis of choice beo~een new and used vehicles 

Explanatory Variable Category 

lncome in 1998 $0-1 5,000 
$1 5,000-30,OGd 
$30,000-45,000 
$45,000-60,000 
$60,000-75,000 
Over $75,000 

No. of Males O 
1 
2 
3+ 

No. of Females O 
1 
2 

No. Vehides 

50.0% 

3+ 216 1 03 47.7% 
1 

Maximum Education Elementary School 26 8 30.8% 
High School Diploma 
College Diploma 
Bachelors Degree 
Graduate Oegree 229 113 49.3% 

Gender of Vehicle Ownei Male 750 323 43.1% 
Female 391 198 50.6Y0 

No. of Jobs O 156 83 53.2Oh 
1 418 187 44.7% 
2 504 225 44.6% 
3+ 80 36 45.0°h 

No. Retired O 1015 447 44.0% 
1 114 60 52.6% 
2 29 24 82.8% 

Dwelling Type Single Family Home 837 419 50.1 % 
Townhouse 9 1 31 34.1 % 
Apartment 226 78 34.5% 

Dwelling Tenure Ren ted 294 89 30.3% 
Owned 856 438 5 1 -2% 

Manufacturer Origin Domestic 834 379 45.4% 
Japanese 261 130 49.8% 
European 54 20 37.0% 

Vehicle Owned or Lease Owneâ 976 37 5 38.4% 
Leased 180 1 54 85.6% 

r 

Transaction Type Replace 71 1 368 51.8Oh 
Buy Only 437 158 362% 

Used 
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more expensive new vehicles more affordable. Additionally, decision making units that are 

buying their first vehicle are probably more inclined to buy used vehicles because they are 

younger and have a lower mean income than those who have a vehicle to be replaced. Several 

other explanatory variables were exarnined and were found to show insignificant or redundant 

results. These results are shown in Appendix D. 

6.4.3 Results: Choice of Manufacturer Origin 

Table 6.15 shows the numerical results of the analysis of the choice between Domestic, 

Japanese and European vehicles. From these values, the following conclusions can be made. 

Acquired vehicles are more likely to be of Domestic origin if: 

DMU income is greater than $30,000, 
there is at least 2 people in the DMU, 
the number of children is higher, 
the maximum education level in the DMU is lower, 
the maximum skill level is manager, intermediate or unskilled, 
no members of the DMU are enrolled in a full-time post-secondary degree or diploma, 
the dwelling is a single family home, 
the dwelling is owned, 
the vehicle is Ieased, or 
the vehicle is acquired as a replacement or another vehicle. 

Acquired vehicles are more likely to be of Japanese ongin if: 

DMU income is less than $30,000, 
there is oniy 1 person in the D M ,  
there are fewer children, 
maximum education is higher, 
maximum skill level is professionai or there are no jobs held by DMU members, 
at least 1 DMU member is enrolled in a post-secondary degree or diploma, 
the dwellîng is an apartrnent or a townhouse, 
the dwelling is rented, 
the vehicle is owned, or 
the vehicle is acquired as a buy-only transaction. 
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Table 6.15: Anaiysis of choice between Domestic, Japanese and European vehicles 

C 

Explanatory Variable 

Over $75,000 
No. of Pemns 1 

2 
3 
4 
5+ 

No. Children O 

Qtegory 

370 
148 
278 
21 4 
330 

1 
2 
3+ 

Maximum Education Elementary School 
High School Diploma 
College Diploma 
Bachelors Degree 

I (professional highest) Manager 
Intemediate 
Unskilled 

I 

lncome in 1998 $0-1 5,000 

179 
623 

Graduate Oegree 
Maximum Skill Level Professional 

No. Vehides in 
Cateqoty 

259 70.0% 
95 64.2% 
206 74.1% 
151 70.6% 
247 74.8% 

21 O 
230 
86 
26 
31 3 
238 
345 

30 

135 75.4% 
433 69.5% 

227 
483 

None 
No. of FT Degrees O 

1 

Domestic 

87 23.5% 
43 29.1% 
58 20.9% 
51 23.8% 
72 21.8% 

147 70.0% 
179 77.8% 
75 87.2% 
23 88.5% 
247 78.9% 
184 77.3% 
233 67.5% 

2+ 
I 

ûwelling Type Single Family Home 
Town house 
Apartment 

Dwelling Tenure Rent 

19 63.3% 

24 6.5% 
10 6.8% 
14 5.0% 
12 5.6% 
11 3.3% 

37 20.7% 
156 25.0% 

147 64.8% 
324 67.1% 

169 
1071 
62 

- 
Own 1 847 

% 967 

Japanese 

7 3.9% 
34 5.5% 

52 24.8% 
44 19.1% 
9 10.5% 
1 3.8% 

57 18.2% 
49 20.6% 
32 26.7% 

16 
829 
90 
226 
294 

Leased 
L 

Transaction Type Replace 
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European 

t 1 36.7% 

11 5.2% 
7 3.0% 
2 2.3% 

3 

2 7.7% 
9 2.9% 
5 2.1% 
20 5.8% 

62 27.3% 
132 27.3% 

113 66.9% 
782 73.0% 
43 69.4% 

627 74.0% 

Buy Only 1 430 
# 

Total 1149 

O 0.O0h 

18 7.9% 
27 5.6% 

9 56.3% 
620 74.8% 
61 67.8% 
151 66.8% 
200 68.0% 

180 
709 

43 25.4% 
239 22.3% 
15 24.2% 

178 21.0% 
693-- 

298 69.3% 
834 72.6% 

13 7.7% 
50 4.7% 
4 6.5% 

7 43.8% 
167 20.1% 
28 31.1% 
64 28.3% 
82 27.9% 

42 5.0% 

140 77.8% 
528 74.5% 

O 0.0% 
42 5.1% 
1 1.1% 
11 4.9% 

1 

12 4.1% 

113 26.3% 
261 22.7% 

32 17.8% 
146 20.6% 

19 4.4% 
54 4.7% 

8 4.4% 
35 4.9% 
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The increased tendency of higher income decision making units to acquire Domestic 

vehicles rnay be due to their higher average price. The fact that horneowners, those that live in 

a single family home, and those who are acquiring the vehicle as a replacement (and have the 

disposal value of the vehicle on hand) are more likely to acquire domestic vehicles lends support 

to this because they are more likely to have more resources to afford somewhat more expensive 

domestic vehicles. However, higher education, the number of professional jobs and the maximum 

ski11 level are positively correlated with the acquisition of Japanese vehicles. Since it is expected 

that these variables are associated with increased income, this result seems to be counterintuitive. 

However, it is possible that professionals and those with higher skill level are more inclined to 

acquire Japanese vehicles despite their improved access to financial resources. A multivariate 

analysis of income, job skill level, education and the number of workers in the decision making 

unit would shed more Iight on this matter. 

Farnily size also appears to have an effect on the origin of acquired vehicles. Domestic 

vehicles are more likely to be acquired by farnilies with more than 1 person and are more popular 

among farnilies with larger nurnben of children while the opposite holds true for Japanese 

vehicles. This trend may be due to the larger size of domestic vehicles; more room is available 

for passengers. 

Overall, the number of European vehicles observed in the database was relatively low, so 

conclusions about factors associated with European vehicle acquisitions are withheld. Additional 

results found in the choice of manufacturer origin that were insignificant or redundant are aven 

in Appendix D. 
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6.4.4 Results: Choice of Vehicle Class 

Table 6.16 shows the numerical results of the analysis of the choice between different 

vehicle classes. From these values, the following conclusions can be made. 

Acquired vehicles are more likely to be subcompact cars, compact cars or small wagons if: 

DMU income is lower, 
there are fewer people in the DMW, 
there are fewer children, 
maximum education is higher, 
maximum skill level is professional or low skilled or no jobs are held by DMU members, 
the owner of the vehicle is female, 
the dwelling is rented, 
the vehicle is Japanese or European, 
the vehicle is owned, or 
the vehicle is acquired as a buy-only transaction. 

Acquired vehicles are more likely to be medium or large sized cars or wagons if: 

the maximum skill level is manager or no jobs are held, 
* theownerofthevehicleis male, 

there is at least 1 retired person in the DMU, - the dwelling is owned, or 
the vehicle is acquired as a replacement for another vehicle. 

Acquired vehicles are more iikely to be pickups iE 

there are O females in the DMU, - there are fewer children in the DMU, 
the maximum education in the DMU is lower, - the maximum skill level is intermediate, - the owner of the vehicle is male, or - the vehicle is Domestic. 

Acquired vehicles are more likely to be full-size vans if: - there are more people in the DMU, 
there are more children in the D m ,  
the maximum education level in the DMU is lower, - the maximum skill level is intermediate, - the owner of the vehicle is male, 

* the vehicle is Domestic, or 

- 
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'I'able 6.16: Analysis ofchuicc bclwcen vchiclr classcs 

Over $76.000 385 
40 of Parsons 1 146 

2 208 
3 208 
4 323 
5* 174 

Ilo. of Males O 79 
1 554 
2 342 

CoRege Dlpiorna 
Bachelors Degree 338 

prolesslonal hlghesl) Manager 
IntermediaIo 187 
Unskllled 111 
None 101 

iender of Vehiûe ûwner Male 1 725 

2 1 28 
helling Tenure Rented 1 284 

~ u r o ~ e a n  1 52 
hhkie ûwned or Leased Owned 1 943 

Leawd 1 174 
rransadion Type Replace 1 684 

Buy Only 1 425 
rotal 1 i i i e  

Su bcompaa 
Car 

7 24.1% 
24 21 8% 
21 133% 
20 130% 
16 94% 

Large 
Carwagon 

1 34% 
7 64% 
19 120% 
14 67% 
15 88% 
42 11 5% 
7 48% 

41 153% 
14 67% 
28 87% 
15 86% 
1 13% 
69 125% 
24 70% 
11 76% 
7 80% 
51 10 1% 
30 04% 
17 81% 
60 09% 
21 103% 
15 67% 
O 107% 
3 130% 
30 B 7% 
17 73% 
28 86% 
26 11 9% 
47 100% 
25 131% 
15 80% 
3 27% 
15 83% 
85 11 7% 
10 50% 
88 89% 
14 13 1% 
3 107% 
22 77% 
83 100% 
90 123% 
O 00% 
0 115% 
86 9 1% 
18 103% 
68 99% 
37 87% 
105 94% 

Vehie  

8 2% 
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Acquired vehicles are more likely to be special purpose vehicles (including minivans and sport 

utility vehicles) iE 

DMU income is higher, 
there are more people in the DMU, 
there are more children in the DMU, 
the maximum education level in the DMü is higher, 
the maximum skill level in the DMU is higher, 
the owner of the vehicle is male, 
the dwelling is owned, 
the vehicle is Domestic, or 
the vehicle is leased. 

As expected, the smaller vehicle types are more popular among smaller decision making 

units with fewer children, whereas larger vehicles such as vans, minivans and sports utility 

vehicles are more popular among larger decision making units with more children. Similarly, 

incorne shows a significant negative relationship with srnall vehicles and a positive relationship 

with the more expensive special purpose vehicle category. Males and fernales also tend to acquire 

different types of vehicles; Females are more likely to acquire subcompact or compact vehicles, 

while males are more likely to acquire al1 other classes of vehicles. The skill level also appears 

to have an impact on the class of vehicle acquired; srnall vehicles are more popular among 

professionals and those with either no employment or unskilled employment, managers appear to 

have greater preference for medium or large sized vehicles, intermediate skill level workers are 

more likely to acquire pickups and full size vans, and decision making units with higher overall 

skill level have greater tendency to acquire special purpose vehicles. These relationships show 

definite preferences among different segments of the population based on the type of work in 

which they are occupied. 

Table 6.16 also shows relationships between vehicle characteristics. Domestic vehicles 

are much more highly represented in the non-car vehicle classes and Iapanese and European 

vehicles are over-represented in the subcompact and compact vehicle classes. Leased vehicles are 

more Likely to be Ml-size vans or special purpose vehicles, whereas owned vehicles are more 

likely to be compact or subcompact cars. Further results that were found to insigdicant or 

redundant are shown in Appendix D. 
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6.4.5 Results: Choice of Vehicle Purchase Price 

The final component of vehicle type choice to be examined is the estirnated purchase price 

of acquired vehicles. Table 6.17 shows the relationship between a range of explanatory variables 

and estimated vehicle price. The following conclusions can be made about the pnce of acquired 

vehicles based on this table. 

The average price of an acquired vehicle is likely to be greater if: 

D M  Incorne is greater, 
there is more than one person in the household, 
a university degree is held by a household rnember, 
the maximum ski11 level is higher, 
there is more than one licensed driver in the DMU, 
there is more than one retired person in the DMU, 
the dwelling is a single farnily home, 
the dwelling is owned, 
the vehicle is leased, 
the vehicle is new when acquired, 
the vehicle is European or Domestic, or 
the vehicle is acquired to replace another vehicle. 

Once again, there is little in this analysis that contradicts our a priori beliefs about vehicle 

type choice behaviour. It is clear that each of the variables that are likely to be correlated with a 

decision making unit's access to bancial resources (DMU income, maximum education, 

maximum ski11 level, dwelling type and tenure) is positively correlated with the vehicle purchase 

price. 

Perhaps more interesthg is the fact that leased vehicles are more expensive. This may be 

partially because leased vehicles are generally more expensive makes, but is more likely because 

leased vehicles are usually newer modeis than those that are available for sale. European vehicles, 

the most expensive on average, are probably more expensive because they are commonly luxury 

cars, whereas Domestic vehicles are probably more expensive than Japanese models because they 

are more often larger cars, trucks, vans or sport utility vehicles which tend to cost more. 

Appendix D shows the complete set of results for purchase price, including the degree to 

which differences in average price are significantly different between categories. 
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Table 6.17: Analysis of choice of vehicle purchase p h  

Explanatory Variable Category No. Vehicles 
in Category 

Average Std. Deviation of 
Purchase Price Purchase Price 
(1 000sCAN98$) (1 000sCAN98$) 91 1 2.48 

Over $75,000 
No. of Persons 1 

2 
3 
4 
5+ 

L 

Maximum Skill Level Professional 
(professional highest) Manager 

Intermediate 
Uns killed 

330 
1 24 
245 
182 
291 

None 
No. of Licenses O 

1 
2 

i 56 
426 
1 72 
161 
90 

3+ 
No. Retired O 

1 

19.86 
14.28 
17.87 
16.60 
18.22 

2 
Dwelling Type Single Famify Home 

Town house 

10.79 
8 .78 
10.63 
9.31 
10.43 

1 7.24 
18.21 
18.83 
16.04 
12.36 

9.1 2 
7.22 
8.54 
10.54 

149 1 16.58 

163 
877 
95 

Apartrnent 
Dwelling Tenure Rent 

9.1 6 
10.03 
1 1.67 
8.90 
7.21 

11 
250 
574 

26 
71 6 
81 

Own 
Vehicle Owned or Leased Owned 

15.08 
14.95 
18.23 
17.14 
17.04 
17.17 

199 
254 

Leased 
New Or Used at Purchase New 

9 -49 
9.98 
9.89 

22.46 
18-00 
15.76 

737 
840 

Used 
Manufacturer Origin Domestic 

Japanese 

8.27 
8.19 
8.41 

14.83 
13.64 

156 
467 

European 
Transaction Type Replace 
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9 -48 
8.48 

18.41 
15.57 

531 
721 
234 

Buy Only 
Total 

10.1 6 
9.26 

25.85 
23.81 

43 
626 

9.12 
8.77 

1 1.37 
17.35 
15.98 

L 

364 
998 

6.81 
9 -42 

1 

9.83 
21 -16 
18.37 

16.49 
9.42 

15.18 
17.19 

9.83 
9.96 
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6.5 Consumer Loyalty Analysis 

Consumer loyalty to certain types of vehicles is, in general, an important factor in the 

automobile ownership decision. When someone acquires a vehicle, they tend to be more 

cornfortable acquiring one that they have sorne experience with. It is expected that consecutive 

vehicles held by a decision making unit will show more similarity to each other than randomly 

chosen vehicle pairs in out database. The consumer loyalty analysis attempts to provide some 

evidence of this phenornenon. 

6.5.1 Description of Data Used 

The data used for the consumer loyalty analysis is a set of al1 vehicle pain, both held by 

the sarne decision making unit, in which one vehicle was acquired to replace another. Vehicles 

that were bought without replacing another vehicle are not included. Several variables were 

exarnined to detemine the prevalence of consumer loyalty to different vehicle attributes. For 

continuous variables, including vehicle weight, wheelbase, estimated purchase price, and engine 

size, the correlation between the variable in the acquired and the replaced vehicle is calculated. 

For discrete variables, including manufacturer, manufacturer ongin, and vehicle class, the 

probability of acquiring a vehicle in the sarne category as the replaced vehicle is compared against 

the unconditional probability of acquiring a vehicle in that category. 

6.5.2 Results of Consumer Loyalty Analysis 

The results of the anaiysis indicate that consumers tend to replace vehicles they dispose 

of with vehides that have similar attriiutes. Table 6.18 shows the correlation between continuous 

attributes of the vehicle pain. Table 6.19, 6.20, and 6.2 1 compare the conditional acquisition 

probabilities for manufacturer, manufacturer ongin and vehicle class, respectively. 
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Table 6.18: Correlation between continuous attributes in vehicle pairs 

1 Vehicle Ateibute Correlation between replaced 
vehicle and acauired vehicle 1 

1 Estimated Purchase Price 1 0.6 14 1 

Table 6.19 Consumer loyalty to different rnanufacturers 

Vehicle Weight 
meelbase 
Eneine Size (cubic inches) 

Replaced 
VehicIe 

0.5 1 1 
0.422 
0.360 

Number of 
Observations 

Probability that the 
acquired vehicle is the 
same manufacturer 
43.8% 

Unconditional probability 
of acquiring vehicle from 
that manufacturer 
18.0% 

1 Chevrolet 

1 Honda 

1 Total 

Table 6.20: Consumer loyalty by manufacturer origin 

Manufacturer Observations 

Domestic 515 

Probability that the 
acquired vehicle is the 
sarne manufacturer ongin 
86.6% 

Unconditional probability 
of acquiring vehicle nom 
that manufacturer origin 
75.1% 

European 41 
Total 715 

Page 102 



Toronto Area Car Ownership Study: A Longitudinal Survey and a Preliminary AnaIysis of Results 

Table 6.2 1 : Consumer loyalty by vehicle class 

Replaced Vehicle Class Number of 
Observations 

Probability that the 
acquired vehicle ir the 
sarne class 

Unconditional probability 
of acquiring vehicle fiom 
that cIass 

Subcomaact Car 

Medium Car/Wagon 
Large CarlWagon 
Picku~ Truck 
Full Size Van 
Speciai Purpose Vehicle 
Other 

The correlations in Table 6.18 and the loyalty trends shown in Tables 6.19 to 6.21 rnay be 

due to a number of factors. First, the correlation rnay be because characteristics of a decision 

making unit such as income and employrnent do not change very much over time. If the decision 

of vehicle type choice is related to these unchanging charactenstics it is likely that vehicle type 

choices would be similar for that decision making unit over time. Second, there rnay be a 

functional specialization of vehicles in households with more that one vehicle. For example, a 

large family that owns a minivan for canying children to and from school rnay also own a 

subcompact car for one of the parents' comrnute to work. If the van were to be disposed of, the 

need for moving children would still exist, hence it is likely another van or large vehicle would 

be bought to replace it. However, if the subcompact car were to be disposed ot; another van would 

be unnecessary and a small vehicle would most likely be acquired. niird, there rnay tmly be an 

"experience effect" when acquiring vehicles. One rnay be inclined to acquire a similar vehicle to 

the one replaced because of the sense of familiarity or comfort with a vehicle showing those 

characteristics. It is not possible to distinguish between these three, or other possible explmations 

for consumer loyalty using a simple univariate andysis. This is lefi as a future exercise more 

appropnately addressed through vehicle transactions modelling. 
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Chapter 7: Conclusion 

The background research, data collection, data validation and prelirninary analysis 

presented in this document represent the first stage in a comprehensive automobile ownership 

modelling effort. The state-o'the-art in automobile ownership modelling technique has been 

identified, most of the data requirements of such a statesf-the-art model have been hlfilled 

through the Toronto Area Car Ownership Study (TACOS) survey and the data has been error 

checked, validated and prepared for wch a modelling effort. However, in addition to preparation 

for fùture modelling exercises, the analysis presented in this document has some merits of its own. 

Four aspects of vehicle ownership have been explored with a preliminary univariate analysis, 

including the decision a household makes of whether or not to buy, replace or sel1 a vehicle in a 

particular year, the decision of how long to keep the vehicle, the decision of what type of vehicle 

to acquire and the effect of consumer loyalty to various types of vehicle. A wide range of 

household attributes have been linked to the various decisions made by people in those households 

and many of the linkages have been found to be quite strong indeed. While the conclusions made 

in Chapter 6 are largely intuitive to anyone who has owned or considered owning a vehicle, the 

compilation of these conclusions with convincing statistical evidence to back them up is essential 

in attaining a firm understanding of decisions made by household members regarding automobile 

ownership. 

There is significant potential for M e r  research using the TACOS database. As outlined 

in Chapter 3. it is recommended for the ILUTE project that a nested logit model be employed with 

a minhum of two choice levels in the decision hierarchy, one for vehicle transaction choice, and 

one for vehicle type choice. Recommendations for the scope and limits of the model, the choice 

set that would be effective and computationaUy feasible, a behaviourally justifiable observationai 

unit, and some of the econometric challenges that should be addressed have been discussed in 

Chapter 3. Perhaps most signincant is that a dynamic model of vehicle ownership, which would 

normally require an expensive and time consuming panel survey, can be estimated using the 

retrospective information in the TACOS database. 

With the curent pressure on dinerent levels of government to create policy that is effective 

in reducing air emissions and the other negative impacts of automobile travel, there must be a 
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concerted effort on the part of researchers to provide sound advice as to the potential impacts of 

different policy scenarios. This research is a step toward that objective. It is hoped that M e r  

research will allow us to complete the journey toward a more livable and resource-fkiendly urban 

environmen t . 
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Appendix A - Survey Questions and Interviewer Instructions 

To conduct a primary interview, open the "Switchboard" form and choose "Conduct Primary 
h t e ~ e w " .  This will open the Primary Interview Form. The program contains a sequencing 
algorithm that will automatically bnng to the screen the next household that should be called. 
Look through the cal1 record to become familiar with what the results of previous phone calls have 
been (e.g. an appointment may have been made to call the penon at a specific time). Then dial 
the number, immediately press the "Start Interview" button and start the primary interview. 

Hello, could I speak to Mr. or Ms. [John Doe], please? 

Start by asking for the name fiom the database. If a first narne is included then ask for either 
"Mr." or "Ms." [last name], whichever is appropnate. If the first narne is an initial, then ask for 
"Mr. or Ms." [last name]. If the person is not home choose "No" on the dialogue box, and then 
ask whether the person who answered the phone is a permanent resident of the household. If the 
person is a permanent resident, you continue with the interview as usual. if the penon is not a 
permanent resident, try to make an appointment to call one of the permanent residents of the 
household. Choose the appropriate call result fiom the list shown and write the time to call and 
the name of the person to ask for in the comment box. Then proceed to enter the thne agreed upon 
in the 'Tirne Of Next Call" field in the form header (the CATI program will autornatically take 
you to that field) and fi11 in the appropriate date and tirne. 

ifthere is an answering machine, no answer &er 8 rings, a number not in service, a screech (fax), 
the number is a business, or the person refbses to be interviewed, select "Cancel" fiom the 
dialogue box, choose the appropnate cal1 result code and write anythmg Unportant in the comment 
box. Document all refusals in detail in the comment box. If  the household doesn't refuse, click 
''Yes" and continue with the introduction shown on the screen. 

Q 1: a) Do you Iive in a single farnily home, an apartment or a townhouse? 
If it is a single family home then ask whether it is a single detached or a serni detached house. If 
it is an apartment, then ask whether the apartment is in a detached house, a building less than 5 
stories or a building 5 or more stories tall. Enter the corresponding number in the dropdown list. 
The correct structure type shouid appear in the box to the inmediate right of the dropdown box. 
Definitions of the structure types are as follows: 

Single-detached house: One central dwelling unit in a detached structure 
Semi-detached house: Two "homes" aîiached by a common wali 
Townhouse/Rowhouse: Separate entrance to each unit 
ApartmentKondo : At least two units in the structure, each with a separate entrance 

Must speciQ apartment building type (detached duplex, CS, >=5) 
O ther: Other Living quarters that do not meet the above specifications. 

(e.g. movable dwellings, single rooms in a dom) 
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Q 2. Do you rent o r  own this [house/apartment/townhousel? 

Enter the corresponding number in the dropdown box to the nght of the question. Making 
mortgage payments is considered to be owning. 

Q 3. 1s this the only telephone number listed for your household in the phone book? 

Check the box to indicate yes (the default is yes). If the aflswer is no, press space bar to 'uncheck' 
the box and press enter. The cursor will then go to the box asking how many other telephone 
numbers the household has listed. 

Q 4. a) How many parking spaces are available at your home, not including street parking? 

Enter the number in the box to the nght of the question. If there is unlimited parking or a large 
parking lot, enter 99. If there is a driveway, ask them to estimate the number of cars that would 
fit in the driveway. 

b) Do you pay extra for [thislthesej parking space o r  [is it/are theyj free? 

If there are no parking spaces available to the househo Id then do not ask this question. As k instead 
whether a parking spot would cost extra if the household needed one. 

c) How much [wouldldol you pay for [thisleachl parking space per month? 

If parking spaces do not cost the sarne amount, enter the cost of the most expensive parking spot. 

Q 5. a) How many motor vehicles do members of your household have available for 
persona1 use? 

This includes any commercially owned passenger cars or automobiles garaged at this address and 
available for use by members of the household. Company-owned cars (including govemment 
cars) which are operated by a resident at the interview address, can be used for personal trips, and 
nomally parked or garaged at the interview address, will also be included. Motorcycles and 
mopeds will be hcluded. Station wagons, jeeps, pickup trucks, and vans will be included. Other 
trucks, buses, taxicabs, and junked vehicles (those which will not run and will not be k e d )  will 
no t be inc luded- 

b) Eow many bicycles are available for use by your household? 

Enter the nurnber to the nght of the question. 

Q 6. How many people are currently Living in your home, inchding children? 

Enter the total number of persons whose usual place of residence is the sample dwelling unit. 



47. a) I'd oow like ask some questions about each member of your household, begianing 
with yourself. 

Enter "interviewee" (the default) in the relationship field and then continue to Question 8b. 

Q 8. a) Let's continue on to the next member of the household, what is this person's 
relationship to yourself? 

Enter the relationship in the relationship field. 

b) [Is this personl Would you mind telling me if you are] male or female? 

Do not ask this question unless it is necessary; obtain the answer by listening to the voice tone, 
fiom the name in the database, or fiom the reported relationship to the interviewee. 

c) What is [yourhisherl age? 

Enter the person's age. If the interviewee does not know, ask for their best estimate. If they do 
not want to give an exact age, then ask if they would be willing to give the age in a five year 
range. 0-4, 5-9, 10- 14, 15- 19, etc. Then choose the midpoint of the range given. If they refuse, 
explain that al1 information that is gathered in the interview will be kept strictly confidential and 
will never be used for any reason other than for research purposes. If they still refuse or simply 
don? know the age, enter 999 in the age field. 

d) If [youtthis person] were to buy a vehicle would you make the decision independently 
from [aii other memben of the householdl(1ist other memben already interviewed)]? 

This is a crucial question. The answer to this question determines what the structure of the 
household is, whether a secondary interview is required, and whether M e r  questions should be 
asked of this person in the 'prîmary' i n t e ~ e w .  The basic idea is that households may contain 
more than one ""decision making unit". It is assumed that car ownership decisions are made 
together by members of a single decision making unit and that if a household rnember makes car 
ownership decisions independently kom other members of the household, then they constitute 
their own decision making unit. Lfa household does contain a second decision making unit, then 
a member of that decision making unit is h t e ~ e w e d  in a 'secondary' intewiew. For example, 
if a 25 year old son lives at home, but would answer yes to question 8d) then they would be 
considered a second decision making unit and would be interviewed separately after the primary 
interview. 

However, thîs question is only asked of certain people in the household. The interviewee 
is always asked. If the person being investigated is the husband, wife, spouse or partner of the 
interviewee, then the question is not asked and the person is assumed to be in the same decision 
making unit. If the person is a child, son or daughter younger than 16, he or she is also assumed 
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to be part of the interviewees decision making unit. In al1 other cases, the question should be 
as ked, 

It may occur that two independent people (say, two male roommates) are included as 
separate decision making units and then a third person (say another roommate) answers no to 
question 8d (i.e. they do not make decisions independently From the interviewee and his 
roommate). It is not clear whether the person should be added to the interviewee's decision 
making unit or the other roommate's. Here the interviewer should ask a probing question to find 
out who makes decisions together. Then the d o m  arrow next to the "Dependent On?" answer box 
should be clicked with the mouse and the correct penon should be chosen. This is a necessary 
step to keep the flow of the interview going smoothly. 

If an independent person is younger than 30 and is a child of another household member, 
then question 8e should be asked: 

e) (only ask if the field is automaticdly given the focus) How old was (s)he when (s)he began 
making vehicle ownership decisions independently? 

f )  Do[es] [you/helshel have a driven license? 

Press space bar to remove the checkmark if the penon does not have a license. Beginner's 
licenses and Iimited licenses should be included. 

g) How old [were you 1 was (s)hel when [you/(s)he] got [your/his/her] license? 

h) What is [yourlhisher] highest completed level of education? (elementary, . . .) 
List the categones only if you feel it is necessary, pausing slightly after each one so that the 
respondent can interject. 

If the interviewee declines to answer, tell them that education is an essential variable in the car 
ownership study and that the information will be kept sûictly confidentid and wiil never be used 
for any purpose other than the car ownenhip study. 

hnediately after this fom is opened, it is necessary to enter the household type. The 
classification of the household should be straightforward considering that each of the household 
members was discussed in detail. No question should be asked of the respondent to fi11 in the 
household type. 

Q 9. a) Since what year have you been living in either the Greater Toronto or the Greater 
Hamilton Area? Do you remember what month it was? 

We are only interested in date after which the household has been Living in the Greater 
Toronto/Greater Hamilton Area continuously. For the purposes of this study, the Greater Toronto 
and Greater Hamilton Areas include the six regions: Hamilton, Haiton, Peel, Oshawa, Durham and 
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Metropolitan Toronto. Ail questions that require a date for an answer should include the month 
and the year. The date can be entered in any of the following formats: 01 96, January 1996, 
0 1/96, or Jan 96. if the respondent cannot remember the exact date then ask if they rernember 
what season it was. For winter enter February as the month, for spring enter May, for summer 
enter August, for autumn enter November. If the respondent cm still only remember the year, 
then enter July for the month. If the household has always lived in one of these areas, then leave 
the field blank. 

b) (for farnily households) When did you and your [husband/wife/partner/spouse~ corne 
together to form a household? 
(for singles and other non-family households) Wben were you last a dependent member in 
another household? For example when were you living with your parents or as part of 
another family? 

The purpose of this question is to determine as accurately as possible when the household was 
formed. We assume that the household is formed either at mamage (legal or cornrnon law) or 
when the person moves away fiom home. Date should be included as monthlyear. 

At this point, the cutoff date is determined for the household. The cutoff date is the latest of a) 
January 1990, b) the date of household formation, or c) date that the household moved to the GTA. 
Questions will not be asked about vehicles, jobs, or places of residence of the household before 
the cutoff date. The cornputer will calculate and keep track of the cutoff date for you. 

I'd now like to ask about the vehicles that you or members of your household may have 
recently owned. 

At this point we are interested in getting infiormation about ail of the vehicles that members of the 
household have owned since the cutoff date specific to the household. This includes al1 motor 
vehicles that were available d l  the cutoff date and were sold after, that were bought or leased 
during the time period fiom the cutoff date to the present time. 

As with Question 5 motor vehicle includes any commercially owned passenger cars or 
automobiles garaged at this address and available for use by members of the household. 
Company-owned cars (hcluding govemment cars) which are operated by a resident at the 
interview address, can be used for personal trips, and normally parked or garaged at the interview 
address, will also be included. Motorcycles and rnopeds will be included. Station wagons, jeeps, 
pickup trucks, and vans will be included. Other trucks, buses, taxicabs, and junked vehicles (those 
which will not run and will not be h e d )  will aot be inciuded. 

Questions will be asked about the vehicles in a specific order. Begin with the current vehicle 
acquired most recently, then proceed to the vehicle that it replaced (if one was replaced), and 
proceed through vehicles that were reptaced until the acquisition date of one of the vehicles is 
earlier than the cutoff date. Then start with the next oldest vehicle that is currently owned, and 
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proceed backwards in t h e  with the vehicle that it replaced and so on. Finally, ask about any other 
vehicles that members of the household have owned since the cutoff date. The Cornputer aid 
program will help to guide you through this process. 

Q 10. (if a one vehicle household) Lets start with the vehicle you currentiy own 
(if the first vehicle in a multi-vehicle household) Lets start with the vehicie you acquired most 
recently. 
(For the second, third vehicles in a multi-vehicle household) I'd now like to ask you about the 
next oldest vehicle that you currently own. 

a) Who owns or makes payments on this vehicle? 

If the owner is one of the current members of the household then just choose their name from the 
list box. If there is joint ownership, then choose one of the owners (the interviewee, preferably) 
fkom the list box and type the other owner (in text) in the "other owner" box. If it is a company 
car (and owned by the company), then leave the owner field blank and check the company car 
checkbox. If the owner does not live in the household, then just type their relationship in the 
"Other Owner" field, 

b) Is it a company car? 

Check the box if it is a company car. 

c) 1s the vehicle owned or is it being leased? 

Enter a I for owned or a 2 for leased, as shown in the dropdown list. 

d) What type of vehicle is it? (and if necessary) Do you remember what year vehicle it is? 

It is important to get the make, mode1 and vintage (Le. year). Examples of makes are Ford, 
Honda, Chevrolet, and Dodge. Examples of models (that correspond to these makes) are Escort, 
Accord, Cavalier, Ram. Ofien, the rnodel is a series of numbers and letten, such as LX. It is 
likely that some people will not know what the rnodel is, but do your best to obtain as much 
information about the vehicle type as possible. 

e) Does it use gasoline or another type of fuel? (if another type) What kind of fuel? 

Note that combinations of fuel types are included in the list. Choose the appropriate fuel type 
from the dropdown list. 

f) Who is the principle driver of the vehicle? 

The owner of a vehicle is not always the principle driver. However, in sorne situations it may 
se- obvious to you who the principle &ver is (for example, in a one person household). You 
should still c o n h n  that this person is indeed the principle driver. K there is more than one 
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principle driver, choose one of them Eom the dropdown list, then type the relationship of the other 
in the "other pnnciple driver" field. If the principle driver is not part of the household, enter their 
name in the "other principle driver" field. 

g) How many other members of your household drive this vehicle? 

If it a one person household, then the answer to this question will obviously be zero. You may 
want to modify the question slightly for current vehicles, for exarnple, "Does your husband also 
drive this vehicle?". 

Questions (h) to (O) are oniy asked if the owner (or the principle driver if there is no owner) is part 
of the interviewee's bbdecision making unit". The computer program will detect this and will skip 
these fields where appropriate. The questions that are skipped will be asked in the secondary 
interview, 

h) When did [you/(s)hel acquire the vehicle? 

Probe for both the rnonth and the year. 

i) What was the main reason for acquiring the vehicle at this tirne? 

Type in the comment box whatever reasons are mentioned in the order they are mentioned. 

j) (Ask other probing questions) 

Other probing questions will help jog people's rnemory. Do not ask questions that lead to a 
certain answer, such as " did you buy a car because you had a baby?'. Rather, ask questions such 
as "Were there any other reasons that you bought a car at this time?" or "Cm you remember your 
situation at the time you bought the car.. . can you remember what made you decide to buy the car 
then?". You can also follow up on specific reasons that are given by asking questions such as 
T a n  you expiain that reason in a little bit more detail?'. 

Other reasons should be entered in the same field as those in question loi. 

k) Why did you get a [say the vehicle type, e.g. Honda Accord] and not another type of 
vehicle? 

Type in the comment box whatever reasons are mentioned in the order they are rnentioned. 

1) (Ask other probing questions here) 

See Question 10j. 
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m) Was the vehicle new or used when you [boughtl began leasing it]? 

The answer to this question may be obvious by comparing the vintage of the car with the 
acquisition date. For example, if a 9 1 Chevrolet Cavalier was bought in April of 95, it was 
obviously a used car at the tirne of purchase. To catch any enors, however, quickly confirm that 
it was in fact a used car when it was bought. 

n) Did you trade in another vehicle when [boughtl began leasing1 it? 

A tmde in means that retuming the old vehicle was part of the deal in acquiring the new vehicle. 
Check the box if there was a trade in. 

O) (if no trade in) Did you get rid of another vehicle within six rnonths before or after you 
[boughtlbegan leasing] it? 

Check the box if they got rid of a another vehicle within 6 months before or after buying it. 

Q 11. (if there was either a trade in or another vehicle was replaced within 6 months of the 
purchase) Now 19d like to ask you some questions about the vehicle you [traded in/got rid ofl. 

The questions are al1 exactly the same as in Q 10, except they are phrased in the past tense. 
However, three additional questions are included for previously owned vehicles. 

h) When did [you/(s)hel get rid of the vehicle? 

Getting rid of includes selling, scrapping, giving away to children or other persons outside the 
household, junking, or taking the vehicle off the road. 

i) Why did [you/(s)hel get rid of the vehicle at this tirne? 

Type in the comment box whatever reasons are mentioned in the order they are mentioned. 

j) How did you get rid of the vehicle? (sold to dealer, sold at auction, etc.) 

Type the appropriate number shown in the list box. 

Q 12. Have members of your household owned or leased any [other (if not a zero vehicle 
household)] vehicles since [CutofT date]? 

This question catches any previously owned vehicles that were not replaced by another vehicle. 
If there were other vehicles, then the questions in Q 1 1 are asked about that vehicle. 
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6 - P e a e  who JJ 

Now I would like to ask you about the history of your household. 

Q 13. Did any of the current members of your household join your household since [Cutoff 
Date] [(if children in the household bom &er cutoff date) besides any children that have been 
born since thenl? 

This question is only asked if it rnakes sense. Obviously in single penon households, couples, 
couples with young children, and single parents with young children it does not rnake sense to ask. 
The Cornputer aid program will decide whether it is an applicable question or not. 

a) (if on the first one) Who joined your household most recently? 
(if on the second or third) Who was it? 

Choose the penon kom the list of current household members. 

b) When did (s)he join your household? 

Probe for the rnonth and the year. 

c) Did this person bring a vehicle with [hidherl  when (s)he joined your household? 

Check the checkbox if they did bring a vehicle with them. 

d) (if yes) Which vehicle did (s)he join with? 

The vehicle shouid be included on the list of vehicles previously reported. If it not located on this 
list, then the interviewee has forgotten to report the vehicle in questions 10 - 12. If this is the case, 
then you will have to get the information about that vehicle. Click on the "Enter Unreported 
Vehicle" button and you will return to the previously owned vehicle fom. Ask the appropriate 
questions and then click on the "Open household joins" button when you are hished. This will 
retum you to the household joins foîm where you will continue with the interview. 

e) Did any other current members of your household join since [Cutoff Date]? 

The answer to this question, in many cases will obviously be no. Consider the number of people 
that are in the household before asking this question. If yes, then return to question 13a 

Q 14. Did anyone [else] join your household for a period of tirne longer than one year, since 
[Cutoff Date]? 

Obviously, you will skip this question if the cutoff date is less than one year ago. If the answer 
is yes, then skip to Question 15% otherwise go to Question 15. 
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Q 15. Did anyone leave yoor household perrnanentiy or for a period of time longer than one 
year since [Cutoff Date]? 

Again, you will omit the portion " or for a period of time longer than one year" if the cutoff date 
is less than one year ago. If the answer is no, then skip directly to Question 16. Otherwise you 
will continue with Question 1 Sa). 

a) What was their relationship to yourself? 

If the person is a current member of the household (as would be the case if he/she left 
temporarily), then choose them From the current member dropdown box. In this case, you will 
already have the personal information for this person and you will skip to Question 15j). If they 
are not a current member, you will ask for the persona1 information in Questions 15b) to h). 

b) 1s this penon male or female? 

The answer to this question may be obvious Crom the relationship to the interviewee. 

c) What is [hisher] current age? 

Note that we want the person's current age, not their age when they were last living in the 
household. If the interviewee does not remember, ask for their best guess, or ask what their age 
was when the person was living in their household and help them to make the calculation, if 
necessary. If the person passed away, then note it in the comment box and ask for the age when 
hdshe passed away. Be sensitive in ihis situation and do not probe if they do not want to speak 
about the person who passed away. 

Ask Questions d) to h) only if the person's current age is 16 or older. 

d) If [he/shel were to have bought a vehicle while living in your household, would [helshel 
have made the decision independently from al1 other rnembers of the household? 

e) (if so and the person is a child under 30, ask) Bow old was [hehhel when [helshe] began 
making decisions independently? 

f) Does [hehhel have a drivers license? 
g) How old was [hefshe] when [he/shel got it? 
h) What is [hisher] highest completed level of education? 

Note that Questions 15d) to h) are the same as those in Question 8. 

i) When did (s)he join the household? 

Probe for the month and the year. 
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j) When did (s)he leave the household? 

Probe for the month and the year. 

k) Did this person take a vehicle with them when they Üoinedneftl the household? 
1) (if so) What type of vehicle [islwasl it? 

The vehicle should be included on the list of vehicles previously reported. If it not located on this 
list, then the interviewee has forgotten to report the vehicle in Questions 10 - 12. If this is the 
case, then you will have to get the information about that vehicle. Click on the "Enter Unreported 
Vehicle" button and you will retum to the previously owned vehicle form. Ask the appropriate 
questions and then click on the "Open household joins" button when you are finished. This will 
r e m  you to the household joins fom where you will continue with the interview. 

If the interviewee has said no to Question 14,retu.m to Question 15.0therwise go to Question 14. 

Q 16. In order to better understand automobile ownership decisions, we would üke to know 
more about sorne other changes going on in your household. I'd like to ask you about the 
people in your household that go to work or school. Let's begin with yourself. 

a) [Are youl is (s)he] currently employed, going to school, or not employed? 

If the job is less than 5 hours per week, then do not consider the person to be employed (but do 
not mention this to the person, they rnay be sensitive). If the person is not employed, ask whether 
they are retired or a homemaker and choose the appropriate category from the dropdown list. If 
the person is employed, ask Questions b) to t), if they are going to school ask Questions g) to j), 
if they are unemployed or a homernaker ask Question k), and if they are retired, ask Questions 1) 
and m) 

b) What type of employment is it? 

For this question you wili need to h d  out the industry associated with the job, and the ski11 IeveI 
associated with the job. However, you will not list the industry categories to the respondent. 
Once they have told you what kind of employment it is, it is up to you to choose what category 
best fits the job. If the jobs fits more than one category then choose the category that best fits the 
job. Industry categories are as follows: 

1. Business, Finance, Administration, Clencal 
2. Science, Math, Engineering, and Related 
3. Health and Medicine 
4. Social/Government Service, Religion, Education, Law 
5. Art, Recreation, Culture, Sport 
6.  Sales and Service (retail restaurant, insurance. travel, protection) 
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7. Processing, Manufacturing, and Machining 
8. Trades, Transport Equiprnent (tai lor, carpenter, mechanic, driver) 
9. Primary Indusmes 

In determinhg the skill level, you may ask the respondent whether their job is managerial, high- 
skilled or technical, etc. Always choose the highest skill level applicable to the job. For example, 
the manager of an engineering firm that also does skilled technical work is considered to be a 
manager. Skill categories are as follows: 

1. Manager 
2. Professional @ hysician, nurse, teac her, lawyer, engineer, accountant) 
3. Technician, Skilled Worker, or Position of significant responsibility (supetvisor, police, 
firefighter, health assistant) 
4. Labourer, Assistant, or Position requiring up to 2 years training. 

c) Is it full-time or part-tirne? 

Enter 1 for full-tirne and 2 for part-time. Full-the work is considered to be at least 30 hours per 
week. Part-time is less than 30 hours per week. 

d) [Do youl does he or shel require a vehicle for the job itself, other than for commuting? 

Examples of where the vehicle is required for the job itself would be construction jobs, sales jobs, 
community nursing, pizza delivery, and so on. If it is clear to you that the job would obviously 
not require a vehicle, then just confirm with the interviewee that this is the case. 

e) Where is [your/his/herl usual place of work ? 

Type whatever information is given to you. Remember that each location will have to be 
geocoded, so the address and city would be very useful. If the interviewee volunteers the name 
of the Company, type this information in the employer name field, otherwise do not probe for this 
ùiformation. If the address is not known try to at least get some nearby monument or landmark 
or the nearest intersection and the city. Remember that places like the University of Toronto, 
Eatoas Center, and The Bay have many locations in the GTA so it is very important to speciQ 
which location it is. if the same location is repeated for more than one job, it is sufficient to type 
in the address once and just include the name for the other times with a little note so you 
remember that it is the same location. 

f )  When did [you / he/ shel start working there? 

Probe for the month and the year. 
(if at school and penon has already completed a hi& school degree ask Questions g) to j)) 
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g) What is the name of the degree or  diplorna? 

Determine the level (college, Masters, PhD, etc.) as well as the discipline (engineering, 
psycho logy, business) 

h) 1s it full-time or part-time? 

Enter 1 for hiIl-time and 2 for part-tirne. Full-time work is considered to be at least 30 hours pet- 
week. Part-time is less than 30 hours per week. 

i) What is the name [and addressl of the school? 

Type whatever information is given to you. Rernember that each location will have to be 
geocoded, so the address and city would be very useful. If the address is not known try to at least 
obtain the nearest intersection and the city. Remember that places like the University of Toronto 
have many locations in the GTA so it is very important to specify which location it is. If the same 
location is repeated for more than one degree, it is sufficient to type in the address once and just 
include the name for the other times with a note so you remember it's the same location. 

j) When did [you/ he/ shel start the [type of degreej degree at [school namel? 

Probe for the month and the year. 

k) (if not currently employed) [Have you 1 has he or shel had a job or gone to post-secondary 
school since [Cutoff Date]? (if not, then skip to 17n) 

(if retired ask Questions 1) and m)) 
1) When did [youhelshel retire? (if before Cutoff Date skip to 17n) 
m) What type of employment did [you/he/shel have before retiring? (skip to 1%) 

Q. 17. a) Did [you/he/she] have any other jobs or go to post-secondary school since [Cutoff 
Date]? (if answer is no, skip to 17q) 

The other parts of Question 17 are the same as for Question 16, but they are phrased in the past 
tense. Also, there are two additional questions. For employment you will ask the question 
"When did you stop working there?', because it may not be a curent job. Similarly, for post- 
secondary degrees, you will ask the question "When did you finish your [degree/diploma] at 
[Narne of school]? 

q) (if al1 members of the decision makùig unit have been exhausted, skip to 18. otherwise, say) 

I'd now üke to ask some questions about [your husband 1 your son/ (next member of DMU)] 
( r e m  to 16a) 
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Q 18. Another type of change that we think may be an important part of automobile 
ownership decisions is residential location. 19d like to ask you some questions about where 
you have lived since [Cutoff Date]. 

a) (If on the current residence) Are you currently living at [address from databasel in 
[cityltown from databasel? (skip to question 1 8f) 

If not, then change the address appropriately. If the current address is an apartment, or a 
townhouse, then ask if there is a unit nurnber that should be included in the address. 

b) (If not on the curent residence) What was the address of the place you lived before you 
moved to [address of previously discussed residencel? 

If they cannot remember the exact address, probe for the nearest intersection. It is important that 
the location is accurately determined. 

c) Was this a single famiiy home, an apartment or  a townhouse? 
(if a single farnily home) Was it a fully-detached house, or a semi-detached house? 
(if an apartment) Was it an apartment in a house or in a larger apartment building? 

(if a larger apt building) 1s your apartment in a house, in a building < 5 stories or in a 
building with 5 or more stories? 

See Question 1. 

d) Did you rent or did you own this [dwelling typel? 

Enter the corresponding number in the dropdown box to the right of the question. Making 
mortgage payments is considered to be owning. 

e) How many parking spots were avaiiable at this place of residence? 
(if not zero) Did you pay extra to use [thidthesel parking spots or were they free? 

How much did you have to pay for [thideachj parking space per month? 
(if zero) How much would you have had to pay for a parking spot there? 
See Question 4. 

f) When did you move into your residence at [current address / address of previously 
discussed residencej? (if not before Cutoff Date then r e m  to question 18b) 
Probe for the month and the year. 
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19. Which of the foUomng categories best describes [your annual income I the annual income 
of you and [other memben of the decision making unitl]? 

$0 - $14,999 
$15,000 - $29,999 
$30,000 - $44,999 
$45,000 - $59,999 
$60,000 - $75,000 
over $75,000 

When listing the categories Say, for example, "fourteen th~usand'~, rather than "fourteen thousand 
nine hundred and ninety nine". Also, pause slightly afler each category. This way, the in te~ewee  
can inte ject when you reach the correct category, and you won? have to continue unnecessarily. 

If the interviewee declines to answer, politely infom them that income is an important variable 
in the car ownership study and that al1 the information fkom this study, including income, will be 
kept strictly confidential and will never be used for any other purpose than the car ownership 
study. If they still refuse, type 99 as the income category and continue. 

That completes this potion of the survey. As s follow up to this study, we are conducting 
a mail out survey with some questions about reactions to alternative fuel vehicles. Everyone 
who rehirns a completed survey will be entered into a draw for a $250 prize. Would you be 
interested in participating in this survey and being eligible for the lottery? 

If so, confimi the mailing name and address. If not, be sure to confirm the narne so that the 
respondent will be entered into the draw for the $250 cash prize. 

Note that the original database address is shown on the lefi of the wrap up fonn, and the adjusted 
address is shown on the ri@. Make any adjustments to the address on the right hand side. Also, 
c o b  that the postal code is correct. 

Thank you very much for participating in the survey, we reaîiy appreciate your response 
and I want you to know it will be very important to the research we will be doing at 
University of Toronto. 

This is the end of the "primary interview". If a "secondary UiteMew is required, then click the 
"secondary interview" bunon. You will have to choose an "independent" household member f?om 
the list. It is best to choose the top name on the List to allow the cornputer program to run 
smoothly Then click on "Conduct Secondary Interview". 
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Now 1 would also like to ask [other household member for whom the answer to question 7d 
was yesj a few questions. 1s [helshej at home now? 

(if not, say) It is very important that we ask [himherj some questions. Do you know wben 
this person will be available? (note down when, where to be reached) 
And could you tell me this person's name so 1 will know who to ask for when 1 cal1 again? 
Thanks again for your help, goodbye. 
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APPENDIX B 

Letter of Introduction 
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JOINT PROGRAM IN TRANSPORTATION 
UNIVERSITY OF TORONTO 

January 5,  1997 
J&J Doe, 
123 Any Street 
Anytown, Ontario 
A1B 2C3 

Dear Mr. or Ms. Doe, 

We at the University of Toronto are conductiag a research study on automobile owne~hip  
and we would much appreciate your participation when we phone you in the next few days. 
We are studying automobile ownership because there have been large increases in congestion on 
the roads in Southem Ontario in the past few years, and at the same tirne there has been an 
increase in the number of automobiles owned in the area. If we can understand how automobile 
pnces, home and work locations, and gas prices affect automobile ownership, then the knowledge 
can be used to make poiicy decisions aimed at reducing congestion in the long run. 

The telephone interview normally takes about ten to fifteen minutes to complete. Dunng the 
interview we will be asking you about vehicles you may have bought or sold over the past few 
years, the different places you have lived and worked, and some other information about your 
household. Your contribution will greatly aid the researchers at University of Toronto to 
understand automobile ownership, even if you don't own any vehicles. 

Al1 information that you provide to us will be kept strictly confidential and wili be used for 
university research purposes only. Your household has been chosen randomly, dong with 
1500 others, fiom households in the Greater Toronto Area that are listed in the telephone 
directory. Once the i n t e ~ e w  is complete, your name wil1 be removed fiom Our database, and the 
information will only be used to construct average aatistics about the population of the Greater 
Toronto Area. 

Your name will be entered into a draw for a $250 cash prue. We realize that your time is 
important, so we are holding the draw as a sign of gratitude for those who participate in the 
study. If you would iike further exphnation of the study or the purpose of the telephone 
interview, please contact Matthew Roorda at (905) 527-3 99 1. Thank you in advance for your 
cooperation and we look forward to the i n t e ~ e w  in the next few days. 

Sincerely, 

Eric J. Miller, Professor, 
University of Toronto 

9 42 St George Street Toronto. Ontario. MSS 2E4 Tel, (41 6) 97û-7282 Fax (41 6) 978-3941 & 
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APPENDIX C 

Forms for Computer 
Aided Data Entry 
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APPENDIX D 

Additional Analysis Results 
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D o ~ m  Replace B ~ Y  Only 0- 1 

Nmber % Number % N t m k  % NtmW % 
52ï 85 3% 47 7 6% 34 5.5% 10 1 6% 

I 4 L 1 1 00% 
No FT Jobs O 1 544 1344 870% 120 7891, 

1 2437 1933 793% 296 12.1% 
2 1383 tOZO 738% 212 153% 
3 96 71 740% 12 125% 
4 4 1 25 0% O O 0% 
5 

I 

No. Jobs O 

5 [ 16 
NO ~ a d ~ ~ g  S ~ O ~ S  a 452 

1 1 383 

5 
No. Males O 

1 
2 

7 i 30 f 14 533961 8 2 6 . 7 9 ç > f  3 tOG% 1 O 00% 
No. PT destees 0 1 3% 

2 1 c 0.0% 
1295 1 1 3 8  87% 

5 
1016 
,$659 

1 290 

2 lW.O%j O 0.m 
96 14% 1 5û 3 9% 

O 0.0% 
11 0.8% 

3 

2 4.0% 
931 91.696 
2113 795% 
961 745% 

410 296 722% 
56 747% 4 1 75 

O 0.0% 
7 0.716 

46 1 %  

72 17696, 
12 16.024 

3 s0.m 1 0 0.096 

38 93% / 4 

1 CM 
7 9.3% O 0.0% 

59 5.8% 
314 118% 

19 1.9% 
186 70% 

182 14 1% 130 10.1% 17 1 376 



Vehicle Duration Analysis 
Resub of Analysis and Hypothesis Testing 

Means are statistically different with a 950h confidence level 
. : ' - .  Means are statistically drfferent with a 90% confidence level 

Means are statistically difierent with a 80% confidence level 
No shading Means are statistically different with < 80% confidence level 

)Incorne 1 Number in IMean Standard t-statistic on dfierence in means 
Deviation 0- 1 5 1 1 5-30 130-45 14540 160-75 Range /category 

L 

0-1 5 1 26 
Duration 

6.7 

JMaximum t Number in IMean 

t-statistic on difFerenc8 in means 

Education Category 1 ~uration 
1 

Elem. 22 1 5.89 
Hig h 
Col lege 
Bach 
> Bach 

3 4 

-0.181 96 
1.161 544 1 -388946 

Deviation 1 12 

Number in Mean 
Lease Category Duration 

Lease 2.69 

Used 375 4.61 

3.82 0.021 943 
3.53 -0.92604 
3.55 -1.15062 
3.4 0.1 73339 

Orïgin 1 Nurnber in 1 Mean 

-1.14188 
' -1 .MO26 

0.1 78354 

Category 1 ~uraüon 
Domestic 560 1 5.35 
Japanese 5.63 
Eurooean 

-- . . . - -. - - . - . - -. . . 

Standard t-statistic on difference in means 
Deviation Elem. 1 tligh 1 College 1 Bach 

Standard t-statistic 
Deviation Domestic 1 ~awnese 

Non-Car 1 3751 4.371 
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Analysis of Choice Between New and Used Vehicles 
Inconclusive or Redundant Resub (see Table 6.14) 

- - 

Explanatory Variable 1 Category 

No. of Persans 1 

No. Children O 
1 
2 
3 

Maximum Skill Level Manager 
(manager highest) Professional 

Intermediate 
Unskilled 
None 

Maximum S kill Level Professional 
(professional htghest) Manager 

Intemediate 
Unskilled 
None 

No. of FT ûegrees O 
1 
2+ 

No. of Licenses O 
1 
2 
3 
4+ 

No. Manager Jobs O 
1 
2+ 

No. Professional Jobs O 
1 
2 

No. Intemediate Jobs O 
1 
2+ 

No. Unskilled Jobs O 
1 
2+ 

Year of Acquisition 1990 
1992 
1992 
1993 
1994 

No. Vehicles 
in Category 

New Used 
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Analysh of chcke behmran Domastic, Japamne and Europsan Vehicks 
Imnclwive or Mundant f?esults (see TaMe 6.1 5)  

I -anatory vanab(. CaWF" Japanese European NO. Vehider 
in Category 

No. of Males O 8 1 53 65.4% 3O.g0h 3 3.7Oh 25 

3+ 146 111 76 0% 29 199% 1 6 4 1% 
No. of Fernales O 88 58 65.9% 23 26.1% 1 7 8.0% 

I (manager htghest) Protessonal 402 268 68 7% / 1i2 27 9U 
lntermedtate 152 80 OOh I ::: I 85 

17 9% 
U n W W  75 2 O h  23 0% 

3+ 
Mamrnum Skill Level Manager 

None 1 i9 113 06.9% 1 43 25.45 1 13 7 ?Or6 
Gender of Vehide Owner Maîe 712 536 722% 1 162 218Oh 1 44 5 9Or6 

21 3 
275 

4 + 

No. Reored O 

160 751% 
216 78 5% 

2 
No. Manager Jobs O 

24 1 142 1 92 5 4 . 8 X 1  43 30.3X 1 7 4.9% 
No. tntemediate Jobs O 847 596 70 4% 1 206 24.3Oh 1 45 5 3Oh 

69 
1 O06 

2+ 
No. Professronal Jobs O 

1 

44 20 7% 
46 16.7% 

29 
874 

1998 30 22 73.3% 7 23.3% t 3 . 3 O 4 6  
New Or üsed a? Purchase New 529 379 71 6O.6 130 24 6% 20 3.8% 

9 4 Zorn 
13 4.7% 

49 71.0% 1 20 29.0% 
731 72.7% f 228 22.7% 

34 
666 - 

34 1 

2+ 
No UnSkitted Jobs O 

1 

O O.OOh 
47 4.7% 

17 58.6% 
018 70.7Oh 

25 73.5% 1 6 176% ( 3 8.8% 

58 
893 
199 

8 27.6% 
215 24.6% 

510 76.6% 
232 58.0% 

4 13.8% 
41 4.7Oh 

129 19.4Oh 4.1°h 
89 5.g0h 

42 72.4% 
633 70.g0h 
156 784% 

13 22-4% 
210 23.5% 
39 ! 9 6% 

3 5 2Oh 
50 5 6% 
4 2- 9% 



Anslysls of Cholcct Between Vehlcle Classes 
Inconcîuslvs or Redundanl Resulk (se8 Table Ct6) 

Explanatory Variable I Cateywy 
m 

Aaxirnum Skill Level Manager 
manager highest) Professnnal 

Intermediate 
Unskilied 
None 

110. of FT Degrees O 
1 
2+ 

JO. of Jobs O 
1 
2 
3+ 

JO of Licenses O 
1 
2 
3 
4+ 

JO Manager Jobs O 
1 
2+ 

JO Prafessional Jobs O 
1 
2+ 

JO Internwdiak Jobs O 
1 
2+ 

JO UnskiUed Jobs O 
1 
2 + 

hl l ing Type Single Family Honw 
Townhoirna 
Apartment 

tear of Acquisition 1890 
1891 
1892 
1993 
1 994 
1oB5 
1 996 
1997 
lm 

Jaw w U s 4  at Purchase New 

Siibcompact 
Car 

29 108% 
61 156% 
24 12.8% 
20 180% 
26 161% 
149 143% 
8 136% 
3 188% 
26 177% 
62 152% 
63 130% 

Large 
CartWegon 

34 126% 
30 97% 
15 80% 
3 27% 
15 93% 

P ~ k i i p  
Truck 

16 5.9% 
9 23% 
22 11 8% 
8 7 . a  
7 43% 

54 57% 
3 5.1% 

Full- Siiû 

Van 

14 52% 
24 61% 
78 Q6% 
a 72% 
12 7 5 %  
71 6 8 %  
4 60% 



Analysls of Choice of Vehicie Purchase Price 
R e s u b  of Analysis and Hypdthssis Tegting 

Means ara statistically different with a 95% confidence ievel 
.. . .' Means are statistically different Wh a 90% confidence Ievel 

Means are statistically different wdh a 80% confidence level 
No shading Means are statistically different wrth c 80% confidence level 

lncome Average Standard 1-statrstic on difference rn means 
Range Price Dwiation 0-15 15-30 13045 4560 160-75 ' 
0-1 5 251 12.48 7 75 1 1 

> 

Standard 
Devrarion 

B 68 
10.2 

10.15 

No. of 
Males 
C 
1 
2 
3+ 

t-statistic on difference in means 
O 

1.35702 
1.600731 

10.16L1.319137 

Nurnber in 
Category 

74 
500 
294 
130 

Average 
Pnce 

15.55 
1721 
17 55 
1729 

1 

0.454375 
0.079731 

2 

4.24313 



I Manager 11 671 O 651; 
lnterm 

b 

l~ender  of Ihlurnber in l~verage 1 standard [ t-stat 1 

Max. Skill 
Lwei 

t-statistlc on dlfference in means 

Owner 
Male 

h ~ o .  of Average Standara r-statinic on difference in means 
Jobs Pnce Deviaoon O 1 12 3 
O 137 16.36 8 71 
1 360 16.64 10.85 O 270635 
2 429 17 94 
3 55 16.51 
4+ 17; 19.05 

Average 
Pnce 

Number in 
Category 

No. of FT 
Oegrees 
O 
1 

Standard 
Deviation Unskilied 

Category 
631 

1003 Prof 
lnterm Prof 

Number in 
Category 

931 
53 

4261 1821 
Manager 

Pnce 
17.38 

-- 

Oeviation Male 
10.81 

Average 
Pnce 

1722 
1555 

Standard 
Dewatton 

1005 
893 

t-stat. 
O 

-1 18331 

1 
1 



Na Unskilled Number in Average Standard t-stat 
Jobs Category Pnca Deviation O 1 
O 782 1779 10.33 

Dwetllng Nurnber in Average Standard t-stat 1 
Type Category Prtce Deviatton Townhouse 
SFH 7 t 6 18 8 191 

Rent 
Own i 

Vehicle Owned Number in Average Standard 
or Leased Category Pnce Deviabon 
Own 8401 15 57 9 201 - .  

I 
- - 

Lease 1561 25 851 9 12 

J~ransaction }~umber in Average f standard 1 t-sti 

Manufafadurer 
Origin 
Damestic 

Number rn 
Category 

721 

Average 
Price 

17 35 

Standard 
Deviation 

_ t-stat 
Domestic 

9 4 2 L . .  . 

Japanese 




