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Car Driving and Public Transit Use in Canadian Metropolitan Areas:
Focus on Elderly and Role of Health and Social Network Factors

Abstract

Most studies analyzed the impact of decreased mobility on health and social network
status, but only a few have provided evidence to understand how these latter factors could affect
travel decisions or outcomes. This paper examined the linkage between people’s car driving and
public transit use in Canada and their personal, health and social network characteristics, with a
focus on the elderly population. The study exploits Statistics Canada’s General Social Survey
(GSS-19), a unique survey with a nationally representative sample that contains questions on
health, social network and transportation situation. Multilevel binary logistic regression models
were estimated for the two travel modes. Results showed that regardless of age, poor health
discourages both car driving and public transit use. Physical limitations that constrain mobility
were found to decrease the likelihood of using public transit, a finding that was expected.
However, a very interesting finding of this study is that even in the presence of physical or
mental situations, mobility is still made possible through car driving. Relatedly, the study showed
how important license possession and car ownership are to personal mobility and to be less
dependent on other modes of transport including public transit.

Findings from this study have also underlined that family network could play an
important role in influencing both mobility decisions and provision. Car driving was found to be
more likely when a person lives alone versus with one or more people in the household, a
tendency that is stronger among the elderly than the non-elderly group. However, in the event of
voluntary driving cessation, suspension of driving license, or when other means of transport
would not be a convenient or feasible option, support from family members or caregivers could
be critical given that, and as this study finding showed, elderly people are likely to continue to
strive to maintain their driving skills even with a health condition, rather than prepare to stop
driving. The size of close family networks did not show a considerable influence, but the quality
of these ties (i.e. being close to family) was found relevant in public transit use. Results
underlined implications to road safety, the development of alternative transport strategies and
strengthening social support to help maintain mobility necessary for health and quality of life in
later years.
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Résumé

De nombreuses études ont analysé I’impact d’une diminution de la mobilité sur la santé et
sur le statut du réseau social, mais un petit nombre d’entre elles seulement ont apporté des
éléments permettant de mieux comprendre comment ces facteurs affectent la décision de voyager.
Ce papier examine les liens qui existent au Canada entre I’utilisation de I’automobile, des
transports publics et les caractéristiques personnelles, I’état de santé et les réseaux sociaux, en
portant une attention particuliére sur les personnes agées. L’étude utilise les données de I’Enquéte
sociale générale (ESG-19) de Statistique Canada, une enquéte représentative de la population
unique, qui contient des questions portant sur la santé, les réseaux sociaux et les moyens de
transport. Des modeéles logistiques multiniveaux ont été estimés pour les deux moyens de
transport. Les résultats montrent qu’indépendamment de I’age, un mauvais état de santé
décourage I’utilisation de I’automobile et des transports en commun. Nos résultats montrent que
les limitations physiques qui contraignent la mobilité diminuent la probabilité qu’un individu
emprunte les transports en commun, ce qui n’est pas un résultat inattendu. Cependant, il est tres
intéressant de noter que nos résultats suggerent aussi que méme en présence de limitations
physiques ou mentales, la mobilité reste toujours possible par le biais de I’automobile.
Parallelement, nos résultats montrent combien la possession d’un permis de conduire et d’une
automobile demeurent essentielles a la mobilité individuelle et a la diminution de la dépendance
aux autres moyens de transport y compris les transports en commun.

Les résultats de cette étude ont aussi mis en évidence I’importance du role des réseaux
familiaux dans les décisions liées a la mobilité et la mise a disposition de moyens de transport. La
conduite automobile est plus probable si une personne vit seule plutét que dans un ménage
compose d’une ou plusieurs personnes, en particulier chez les ainés. Toutefois, en cas d’un arrét
volontaire de la conduite, de la suspension du permis de conduire, ou lorsque des moyens de
transport alternatifs ne sont pas une option commode ou possible, le support d’un membre de la
famille ou d’une aide-soignante pourrait devenir critique, étant donné que, comme cette
recherche le montre, les ainés sont susceptibles de continuer a s'efforcer de maintenir leurs
compétences de conduite, méme en présence d’un probléeme de santé, plutdt que de se préparer a
cesser de conduire. La taille du réseau familial de proches n’apparait pas d’une importance
considérable, mais la qualité des liens familiaux (c.-a-d. étre proche de sa famille) joue un réle
significatif dans I’utilisation des transports en commun. Nos résultats ont des implications pour la
sécurité routiere, le développement de stratégies de transports alternatifs et le renforcement du
support social pour aider a maintenir la mobilité nécessaire a la santé et a la qualité de vie dans
les derniéres années.



Car Driving and Public Transit Use in Canadian Metropolitan Areas:
Focus on Elderly and Role of Health and Social Network Factors

1. INTRODUCTION

Most studies in the recent past have focused on the impact of decreased mobility of older
people on their health and social network status (e.g. Harrison & Ragland, 2003; Marottoli et al.,
2000; Marottoli et al., 1997; Murata et al., 2006; Taylor & Tripoles, 2001). Only a few studies,
though, have provided evidence as to the other important direction of the causality, i.e. how
health and social network status affect mobility choices or outcomes, due largely to the limited
number of surveys that incorporate information of a person’s health, social network and
transportation characteristics. Indeed, the links between these factors would have implications to
road safety issues, the development of alternative transport strategies and social support to help
maintain mobility necessary for health and quality of life in later years.

Older people tend to rely on private mobility as drivers or passengers (Alsnih & Hensher
2003; Collia et al., 2003; Newbold et al., 2005; Noble & Mitchell, 2001; Rosenbloom, 2003;
Rosenbloom & Morris, 1998; Schmocker et al., 2007; Tacken, 1998). Car driving, especially for
this age group, has been reported to be not just a necessity but a measure of freedom (Benekohal,
1994) and psychological health (Marottoli et al., 2000; Marottoli et al., 1997). The decision to
drive could also be a reflection of a very strong preference to drive as individuals age (Golob &
Hensher, 2007; Steg, 2004; Collia et al., 2003), an inevitable dependency on the car due to lack
of alternative choices (Rosenbloom, 1998; Carp 1988), or the lack of awareness or knowledge of
transit services (Kostyniuk & Shope, 2003). For the elderly, car driving does not come without
difficulty, and health conditions could affect decisions whether to drive or not (Chipman et al.,
1998). Study findings point, for example, to the risk the elderly take in driving a car given their
health condition. Thus, implications of physically impaired driving on road safety continue to be
an important topic in health and transportation research (e.g. Brenner, 2008; Wang & Carr, 2004;
Freund & Szinovacz, 2002; Casson & Racette, 2000; Hakamis-Blomqvist, 1998).

There is a growing sense of urgency on the potential decline in public transit use amongst the
old in view of the changing mobility lifestyles of the elderly and the sluggish improvements in
public transit and other innovative alternatives to the private car (Hensher 2007; Rosenbloom
2001). While the demand for public transit tends to significantly increase from middle-age and
beyond (Golob & Hensher 2007), it has also been shown to be quite unpopular among the elderly
(Collia et al., 2003; Rye & Scotney, 2004) because of problems including accessibility (de Boer,
2004) and its inability to match the mobility, convenience and security that the car provides
(Rosenbloom, 1998). Coughlin (2001) reported that there have been expressions of willingness to
use other alternatives to driving (including public transit) if available and if it would closely
provide a certain level of reliability, convenience, spontaneity, personal security and flexibility
which make automobiles preferable.

Mobility options could be limited not only by personal characteristics and transportation
infrastructure availability, but by the individual’s lack of a well-functioning social network or



social support. Although empirical studies that test the significance of household factors in the
transport behavior of the older group are still few, results point to the role of living circumstances
as essential factors in this regard (e.g. Golob & Hensher 2007; Freund & Szinovacz 2002;
Chipman et al., 1998). Sluzki (2000) contends that with old age comes a progressive attrition of
social roles and close ties for various reasons (e.g. physical weakness, death of spouse or siblings,
loss of friends and relationships due to retirement and/or relocation). However, the challenge to
sustain active relationships could be overcome by allowing individuals to be mobile in old age.
Increased emotional and instrumental support (including transport services), if needed, from the
elderly’s remaining intimate ties are important for remaining active and productive in later years.

This study aims to analyze factors that are associated with car driving and public transit
use in metropolitan areas using Statistics Canada’s 2005 General Social Survey (GSS-19),
allowing us to model the relationship between health and social factors controlling for other
personal and socio-economic situations. The remainder of the paper is organized as follows. The
next section summarizes recent literature on trip modality determinants with reference to the
older population. Then, data and methods employed for the analysis are discussed. The fourth
section explains the main findings. Finally, conclusions are drawn from the research results and
implications are highlighted on elderly transport mobility.

2. PRIOR RESEARCH

There have been relatively few published studies on the determinants of transport mode
choices by the elderly. This section summarizes the significant determinants found in relevant
studies and their major findings that inform the present study.

Age. Gardiner and Hill (1996) analyzed the older population (50-90 years old) in the city of
Sheffield in the UK using data from the British Census. They found that older people are less
likely to have car access, likely related to their declining health, and more limited exposure to car
use and ownership compared to the younger generations. They argued, though, that this would no
longer be relevant as a new, wealthier generation of older people with longer traditions of car use
and ownership come into retirement. Tacken (1998) using the Dutch National Travel Survey
(OVG) (1979-1994) underlined the car (as driver and passenger) as the dominant transport mode
among the elderly, but with diminishing use with age. Moreover, cycling and walking, more than
public transit (bus), were important modes for the elderly in this case. Kim and Ulfarsson (2004)
analyzed travel mode choice of the elderly in Washington State and found car driving to be
negatively associated with age. Schwanen et al. (2001) focused on shopping trips in studying
travel mode of the older people 50 years and above. They found that age is positively associated
with the use of car and public transit and negatively related to walking and cycling. Golob and
Hensher (2007) used a trip chain approach (i.e travel from and return to home after intermediate
destinations) in studying elderly travel behavior in Sydney, Australia. The main finding pointed
to a modal shift starting at age 65 from car driving (partly linked to loss of driving license or
through choice) to car passenger and then to public transit in complex trip chains.

Gender. The role of gender has been reported in a number of studies to be significant in
explaining travel mode choices among the elderly, with men consistently more likely to drive a
car, more likely to have access to a car (Chipman et al., 1998; Gardiner & Hill, 1996), and
making more trips by car (Golob & Hensher, 2007). Schmocker et al. (2007) studied older and



disabled people in London, England and their use of car as driver, car as passenger, taxi, walking,
tube/rail and bus/tram using data from the 2001 London Area Transport Survey (LATS). They
found a strong preference for car and travel modes that provide independent mobility, particularly
for men who would rather be a driver than a passenger compared to their female counterpart.
The opposite is true for women. Kostyniuk and Shope (2003), for instance, revealed that most car
passengers are women, while women are more dependent on public transit than men (Schwanen
et al., 2001). These studies, however, pointed to a possible convergence of this gender divide in
time as more women become licensed drivers and exhibit greater reliance on car driving for
personal mobility. However, recent findings on gender differences in driving cessation in later
years while strongly correlated with gender, have shown that the such decision to stop driving is
related to personal driving history rather than gender per se (Hakamies-Blomqvist & Siren,
2003). Thus, the anticipated convergence in driving behaviour between men and women will not
be the case unless women acquire more “*male-like’” driving habits.

Mobility tools. Mobility tools such as the possession of personal vehicles, driver license, or
transit passes have been found to influence travel mode use (Scott & Axhausen, 2005). Of these,
car ownership has been analyzed to be the most important factor in travel mode choice
(Schwanen et al., 2001; Schmocker et al., 2007). Kim and Ulfarsson (2004) also found the
number of available vehicles in the household to be positively associated with car driving, but
negatively related to public transit use. In Hamilton, Canada, it was shown that while access to
the car largely explains elderly trip-making in the area, transit pass ownership is also important,
suggesting that public transit is an important mobility mode among older persons (Paez et al.,
2006). Aside from the lack of awareness of transit services, older drivers in the US have also
been found to have a sufficient lack of experience with public transportation (Kostyniuk &
Shope, 2003). Analyzing survey data conducted among drivers and former drivers aged 65 and
older in Michigan, Kostyniuk and Shope (2003) reported that most of them rely on the private
automobile (as car driver and passenger) and an insignificant proportion reported relying on
public transit and dial-a-ride as their primary mode of transport. Negative perception and lack of
experience with public transportation were indicated as reasons for low transit use. In fact,
drivers who expect problems in their driving ability within the next five years expect to continue
driving for more than 5 or even 10 years or more. Accessibility to public transit (high bus stop
density) is positively associated with public transport use. This complements another study (Kim
& Ulfarsson, 2004) where they found negative association between car driving and nearness to
bus stop. Golob and Hensher (2007) highlighted the loss of driver’s license as potential
contributor to social isolation in the absence of inadequate public transport or support
mechanisms to access a car as a passenger.

Health. Chipman et al. (1998), found car driving to be related to reporting one chronic disease.
On the other hand, those not driving are more likely to report two or more chronic diseases. In
their analysis, these variables, while interrelated, exerted independent associations after
controlling for other factors. Gardiner and Hill (1996) explained that long-term illness has
negative effects on car access. Schmocker et al. (2007) revealed that public transport (especially
rail/tube modes) is not a preferred mode, especially for people with disabilities. In contrast, the
healthy elderly are more likely to use buses and trams. Also, they found that age with disability
increases the preferences for taxis.



Social Factors. Household size and marital status have been found to influence driving
behaviour. Single-person households were more likely to drive (Kim & Ulfarsson 2004). The
tendency to drive decreases as household size increases, such that people living in larger
households are less likely to be drivers than people living alone or in two-person households
(Chipman et al., 1998). Being married was also associated with being a driver (Chipman et al
1998) and more trips by car (Golob & Hensher 2007). As to public transit, single seniors are
more likely to use it than their coupled counterparts (Schwanen et al., 2001;Golob & Hensher
(2007).

Other Factors. Income has a consistent, positive, and direct relationship with driving (e.g. Golob
& Hensher 2007; Kim & Ulfarsson 2004). Such relationships, however, do not hold true for
public transit. In other words, as income increases, the use of public transit decreases (Schmocker
et al., 2007; Kim & Ulfarsson 2004). Urban structure also plays a role in travel mode choice. For
instance, Schwanen et al. (2001) reported that public transport is dependent on the residential
environment (i.e. location in big and medium city with higher level of urbanization) and
competes with cycling and walking rather than driving. In other words, residential environment
matters more to those who do not own a car. Kim and Ulfarsson (2004) also found negative
associations between car driving and population density. Conversely, they reported a positive
association between public transit use and transit availability (measured by population density)
and proximity to transit stops. Level of education was also a variable considered in mode choice
analysis. Tacken’s (1998) study mainly analyzed trip-making, but the results suggested that car
(or bicycle) ownership negatively relate to having lower education. On the other hand, Schwanen
et al. (2001) revealed that having higher education positively relates to taking the public transit.

The existing literature represents a range of findings, and highlights the very few studies that
have been done to date regarding health and social network factors affecting travel mode choice.
It is also not necessarily clear whether increased transit use is indeed associated with aging. In
fact, the opposite would likely be the case, with the older population preferring automobile use
over transit use for reasons including mobility, income, knowledge, accessibility, and gender
roles. This study hopes to cast light on these issues as well as add to our knowledge concerning
health and social network factors that have so far been understudied in relation to travel
outcomes.

3. DATA SOURCE AND METHODS

3.1 Data Source

The General Social Survey (GSS) conducted by Statistics Canada provides a wealth of
information to address the research gap on travel mode choices among the elderly and the role
played by health and social factors. The GSS is a telephone survey conducted among the
population aged 15 and older by Statistics Canada to monitor the living conditions and well-being
of Canadians across the country’s 10 provinces. Excluded in the survey are individuals residing
in Yukon, Northwest Territories and Nunavut (Canada’s three northern territories) and full-time
institutional residents. The survey has been conducted since 1986 and additional sets of questions
on specific social policy issues are included in every survey. In 2005, additional survey sections
related to social network and transportation (car and public transit use) were included.



The coverage of the 2005 Cycle of the GSS (GSS-19) by the Random Digit Dialing (RDD)
frame has been reported to be 93% complete. The GSS collected data over a twelve month
period, with a total sample size of 19,597 individuals. Of this, a random sample (n = 9,746) was
asked to respond to transportation and social network questions. In the present study, this sample
was further restricted to those living in Canada’s 33 Census Metropolitan Areas (CMASs). After
consideration of the independent variables, the sample for the model analysis totalled 5,348 for
car driving and 5,432 for public transit use.

3.2 Multilevel Binary Logistic Models

To analyze the factors influencing car driving and public transit and to examine the extent
of variation in the effect of these determinants on each of these two modes, multilevel binary
logit models were employed. The use of separate logit models for car driving and public transit
use is deemed appropriate for the present study as we are interested in finding out the significant
determinants associated with the use of each of these two modes. While it would be useful to
compare the strength of these determinants on the two modes through the use of multinomial
logit model or other logit models that consider more than one choice alternative, the structure of
the survey data does not warrant their use. It should be noted that there is no general question on
usual travel mode in the survey. Instead, separate sets of questions on car and public transit use
were asked of the respondents. In view of this, these two modes are not necessarily exclusive to
the respondent’s choice set and thus the use of the binary logit model is more appropriate. In the
sample data, about 72% drive a car and the rest take other modes of transportation. About 39%
have used public transit in the past year.

3.2.1 Model Specification

The following applies the multilevel logit model specification for binary responses to the
present study as explained in Rasbash et al. (2004). In this paper, the binary response (0,1)
referring to non-use (0) or use (1) of car as driver (or use of public transit) for individual i is
denoted by y,where 7, is the probability that y, =1. Thus, the single-level binary logit model

takes the following form with only one explanatory variable, x; :
logit(z;) =log(5) = £, + X,
where the quantity % is the odds that y, =1.

In multilevel analysis, we take into account group effects (in this study, geographic effects, i.e.
CMA\) on the probability of being a car driver. A multilevel random intercept model for binary
response data, thus, takes the following form, again as a matter of illustration, with one
explanatory variable, x; :

logit (”ij) = Bo; + B

Boi =By + Ho;
In this model, binary response takes the form of y;; which equals 1 if an individual i in CMA j is
a car driver and 0 if otherwise. In contrast to the single-level model, the intercept 4, of a
multilevel model consists of two components: a fixed component g, and the random effect
Hy; representing the variance due to CMA. Additional explanatory variables £3,;, 3;;,...3; are



added to the model based on the variable selections. Table 1 outlines these variables as used in
the final model. The same model specification is applied to binary response (0,1) in the case of
public transit use.

3.2.2 Model Estimation and Evaluation of Goodness of Fit

This study uses the Monte Carlo Markov Chain (MCMC) method to estimate and
evaluate the discrete response multilevel models discussed above. According to Rasbash (2004),
the use of the MCMC estimation method addresses the weakness of using iterative generalised
least squares (IGLS) methods (i.e. first order marginal quasi-likelihood (MQL) and the second-
order predictive (or penalized) quasi-likelihood (PQL). Unlike MCMC, which is a maximum
likelihood method, IGLS methods are basically quasi-likelihood which have significant
limitations. The MQL offers a crude approximation and could lead to biased estimates, especially
if sample sizes within Level 2 units (e.g. CMA) are small or the response proportion is extreme,
conditions which are the case in the present study. The 2" order PQL is an improved
approximation procedure but is less stable and thus leads to convergence problems.

Another advantage of using MCMC estimation over the quasi-likelihood estimation
procedures is the ability to evaluate model fit as log-likelihood can be derived using this
procedure. In MCMC estimation using MLwiN, a diagnostic called the Deviance Information
Criterion (DIC) is computed for every model, which is based on the following formula (Browne
& Rasbash 2004; the interested reader should refer to Spiegelhalter et al. (2002) regarding the
derivation of this evaluation index):

DIC = D(0)+2p, = 2D -D(0)
where:
D = deviance at each model iteration where in a binary model this takes the following formula:
D =-2>"[y;log(p,)+(@-y,)log(l-p,)]; p; is the predicted value for observation i;

D(E) is the deviation at the expected value of the unknown parameters; D is the average
deviance from the initial 5000 iterations using IGLS procedure; p, is the effective number of

parameters computed based on the difference between D and D(6).

The DIC, as can be gleaned from the structure of its formulation, evaluates both the “fit” and the
“complexity” of a model and is thus used to compare the robustness of two (or more) models.
The DIC statistic is evaluated using chi-square test.

3.3 Model Variables
Table 1 presents a summary of the variables used in the model analysis. A brief
discussion follows on the construction of some of the variables from the data source.

3.3.1 Dependent Variables

Car driving and public transit use are variables that were created based on survey
responses to related questions regarding the use of these travel modes. In the 2005 GSS, there is
no general question about the usual mode of transportation, but there are questions that can
indirectly identify an individual respondent whether he/she is a car driver (or a public transit user)



or not. In this study, the binary response (0,1) for car driving was constructed from responses to
questions on car availability in the household and the usual usage of the car as mostly driver,
passenger or a combination of both. A code of 1 was assigned to a respondent possessing a car in
the household and who mostly uses it as a driver. Otherwise, they are coded 0. With respect to
public transit use, this dependent variable is constructed based on the question regarding public
transit availability and frequency of its use. A code of 1 is assigned to respondents where public
transit is available in the area where they reside and who have used it at least 1-4 days in a year.

Otherwise, a code of 0 is assigned differentiating them as a non-public transit user.

Table 1

Independent Variable Definitions

Variables

Individual Traits
Age Group
Age <20
Age 20-49
Age 50-64
Age 65-79
Age 80+

Gender
Marital Status

Education

Employment

Annual Median Income
Mobility Tools

License Ownership
Vehicle Ownership
Public Transit Availability
Public Transit User
Health Status
Perceived Health Status
Activity Limitation
Social Network

Live alone

Size of intimate network
Household Size

Close to Family

Definition

Age<20 if true, else 0
20<=Age<49; if true, else 0
49<=Age<65; 1 if true, else O
65<=Age<80; 1 if true, else 0
Age>=80; 1 if true, else 0

Female=1; Male=0
1=Married; 2=Separated; 3=Single

1= Above High School; 2=High School; 3= Below High School
1=Full-time; 2=Part-time; 3=Student; 4=Flexible
1= Less than $30,000; 2=More than $30,000

Licensed=1; No License=0
Vehicle Onwer=1; Not Owner=0
Available=1; Not Available=0
PT User=1; Not PT User=0

1=Good; 2=Fair; 3=Poor
Limited=1; No Limitation=0

Live Alone=1; Not live alone=0
Continuous variable
Continuous variable

Close=1; Not Close=0

Civic Engagement (volunteer) Volunteered=1; Not Volunteered=0
Knows transport help Knows help=1; Not know=0

3.3.2 Independent Variables

Individual attributes which are traditionally used in mode choice analysis and are
available from the survey data included age, gender, marital status, education, employment status
and income. Variables pertaining to mobility tools and health status are largely straightforward
from the survey data. Mobility tools include car ownership, license possession, public transit user
and public transit availability. In the case of health status, two variables were included: health

10



status (perceived or self-assessed) and activity limitation (reported physical or mental situations
that limit mobility including any of the following: “difficulty hearing, seeing, communicating,
walking, climbing stairs, bending, learning or doing any similar activities™).

There are six variables used in the analysis pertaining to social networks. Three variables
can be easily taken from the survey data including household size, volunteering (participation in
church or religious groups, ethnic groups and clubs) and knows transport help (i.e. if a person
knows someone -family member or otherwise- who can provide transportation service if needed).
The other three variables were created from the data set. Living alone is a variable created from
the recoding of responses to a question on the living arrangement of the respondent. A code of 1
is assigned to a respondent living alone, and O for all other combinations of household
composition. Close to family is a variable derived from the question of how many members of
the family the respondent considers being close to him/her. A code of 1 is assigned the
respondent who answers that at least one family member is close, and O if there is none. The size
of intimate network is constructed based on two separate questions: 1) the total number of family
members living with the respondent who are considered close to the respondent; 2) those not
living with respondent. The size of the intimate network variable thus constitutes the sum of the
responses to these questions. While there were separate related questions regarding other social
networks such as friends, neighbors, co-workers and others, the significant number of missing
cases due to non-response meant that they were dropped from the analysis. It should be pointed
out, though, that the choice of family members in this study as part of network size and
composition augurs well with previous research work concerning the overwhelmingly family-
oriented networks of older people in various countries studied (Litwin 1996) and the importance
of children and relatives in the case of older Canadians (Stone and Rosenthal 1996).

4. MULTILEVEL ANALYSIS

Multilevel model results for car-driving and public transit use are shown in Tables 2 and
3, respectively. The following discusses the main findings influencing the use of these two
modes.

4.1 Null Model

It would be worthy to underscore the null model (binary logit model without any
explanatory variable) to show the average tendency of individuals living in the various CMAS to
drive a car or use public transit. The deviation from this average could show the relative
difference of use of these modes between metropolitan regions. The null model for car driving
(Table 2) reveals that the majority tend to be car drivers as shown by the positive sign of the
estimated constant. The random variable of the model shows that the tendency to use this mode
does not vary significantly across the metropolitan regions. In contrast, the negative intercept in
the null model for public transit use (Table 3) reveals that individuals in the sample are less likely
to be public transit users. However, this varies significantly across metropolitan regions.

Figure 1 and 2 depict the null model residuals showing the deviation of the 33 CMAs
from the overall average in the use of the car as driver and public transit, respectively. One will
observe that the majority of the CMAs fall above the national average in terms of car driving.
CMAs that fall below the average include Toronto, Victoria. Montreal, St. John’s, Ottawa-
Gatineau, Moncton, Saint John, Winnipeg, Halifax, Kelowna and Kitchener, meaning that they
could be considered relatively less car dependent than other CMAs. In the case of public transit
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use, more CMAs fall below the average. CMAs which are above the average in public transit use
include Toronto, Montreal, Vancouver, Calgary, Winnipeg, Victoria, Ottawa-Gatineau,
Hamilton, Oshawa, Edmonton, Halifax, Quebec, Saskatoon and Kingston. It could be observed
that those cities which tend to have above average use of public transit tend to be either larger
cities with well-developed public transportation services, or university-oriented cities, including
Victoria, Hamilton, Kingston, and Saskatoon. Rank correlation analysis did not confirm any
significant relationship between the use of these two modes. In other words, metropolises which
are above the average in the use of public transit are not necessarily less dependent on car driving
for mobility and vice versa.

4.2 Full Model Results

4.2.1 Car Driving

Full model results explain the factors that influence car driving across the metropolitan
regions (Table 2). The metropolitan-level variance was insignificant, suggesting homogeneity in
the effects of the variables among the CMAs. Model results validate previous findings on some
of the variables that relate to car driving, while the analysis highlights the importance and role of
health and social network factors.

Socio-Demographic and Socio-Economic Factors. Propensity to drive decreases with age but the
decline becomes more prominent as one reaches the elderly age groups. Even within the elderly
group, the probability of driving decreases as an older person moves from the young-old (65-79)
to the old-old (80+) category. Consistent with expectations, females were less likely to drive.
There is also an increasing likelihood to drive as household income increases. This complements
the observed strong positive relation between driving and level of education. As to employment,
relative to being full-time, there was little difference in the probability of driving for part-time
workers. However, students and those with flexible hours of work were less likely to drive than
full-time workers.

Mobility Tools. Of all the variables considered in this study, car ownership not surprisingly
registered the strongest positive influence on car driving. Results also showed that this factor
exerts more influence on the elderly than the non-elderly. The attachment to car driving as a
mode of travel is very noteworthy given the tendency for car drivers to be exclusive to this
transport mode. This is evidenced by a strong negative relation of being a public transit user to
the likelihood of being a car driver. Moreover, even the availability of public transit, which could
have a negative effect on car driving, showed no significant effect. on driving a car for mobility.

Health Factors. Findings stressed that a person’s health status is a significant factor in car
driving. Expectedly, car driving would be most unlikely if a person is in poor health. However,
the likelihood to drive a car if a person is in fair health does not differentiate with a person in
good health. This result, coupled with the insignificant effect of the presence of physical
limitation on car driving, demonstrates that individuals will drive to the extent the severity of
their health limitation allows them to. In other words, people will likely curtail driving only if
such limitation is severe. Interaction terms with age revealed that these results do not differ
between the elderly and the non-elderly population.
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Social Network Factors. Living arrangements exerted a strong influence in whether a person
would drive or not. In particular, results showed that living alone is positively associated with car
driving. A very interesting finding is that elderly persons are more likely to drive than the non-
elderly if they live alone. The odds ratios imply a very high chance (three times more likely) for
these tendencies to occur if the person (especially the elderly) lives alone. Other social network
factors (closeness to family, household size, family network size, civic involvement and transport
provider) did not significantly affect car driving.

4.2.2 Public Transit

The full model evinced significant variations between CMASs. This implies heterogeneity
in the effects of the factors affecting public transit. The following summarizes the significant
factors evinced by the model.

Socio-Demographic and Socio-Economic Factors. The likelihood of public transit use was
greatest among the young aged less than 20. Then, as one gets older, results pointed to a
decreasing likelihood to use public transit. The elderly returned the biggest negative coefficients
relative to other age groups, with odds ratios suggesting a weak tendency to use public transit
among the old. Men and women do not differ in their likelihood to use public transit. While
gender does not matter, being married lowers the likelihood of a person using public transit, a
finding which is largely consistent with the use of automobiles noted above. Expectedly, higher
income was found to be negatively associated with public transit use. Interestingly, higher
education showed the opposite direction. While it is anticipated that people with lower education
would more likely use public transit which the results confirmed, those with higher than
secondary education showed an even stronger positive association (odds ratio showing public
transit use twice as likely to occur). Relative to full time workers, part-time workers and students
are more likely to use public transit, with the latter showing a higher odds ratio. Students’ high
likelihood of public transit use could be attributed to lack of access to car in view of being away
from home while attending school and/or the availability of transit passes through school-related
transit subsidy.

Mobility Tools. Findings suggest that the ability to own, drive and maintain a car negatively
affect the likelihood of taking public transport. Two mobility tools were examined and were
found to significantly decrease such likelihood - car ownership and driving license possession.
Based on the odds ratio, license possession was found to decrease public transit use more than car
ownership.

Health Factors. Like car driving, poor health has a strong negative influence on public transit
use. Similarly, the likelihood of taking public transit between those who are in fair health and
good health were also found to be insignificant. In contrast to car driving, the chances of taking
public transit are significantly decreased when a person has physical limitations.

Social Network Factors. The size of family network (people considered close to the individual)
does not influence public transit use. Thus, even when a person lives alone, is involved in
volunteer activities or knows a transport provider, these factors have no significant effect on the
inclination to use public transit. In contrast to these findings, results showed that public transit
use is negatively influenced by the proximity or quality of a person’s social network. Public
transit use is less likely as household size increases. Results also revealed being close to family
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tends to make public transit use less attractive. It is likely that instead of performing activities
alone, closeness with family increases joint activities with family members. It could also point to
the likelihood of mobility being provided by family members in lieu of taking public transport.

Table 2
Results of Two-Level Random Intercept Logit Model (Full Model) for Likelihood of Car Driving
MODEL/PARAMETERS Car Driving
Parameter Standard t-stat Odds
Estimate Error Ratio
Null Model
Intercept 1.0260 0.0580 17.6897 2.7899
Metropolitan-level Variance 0.0460 0.0250 1.8400 1.0471
DIC 6361.8
Full Model
INTERCEPT 0.0580 0.3291 0.1762 1.0597
SOCIO-DEMOGRAPHIC
Age Group Less 20 -1.6385 0.1953 -8.3897 0.1943
20-49 Reference
50-64 0.0744 0.1119 0.6649 1.0772
65-79 -1.7503 0.6271 -2.7911 0.1737
80+ -2.4577 0.6849 -3.5884 0.0856
Gender Male Reference
Female -1.1882 0.0886 -13.4108 0.3048
Marital Status Single Reference
Currently Married -0.0748 0.0894 -0.8367 0.9279
Divorced/Separated/Widowed 0.0774 0.1192 0.6493 1.0805
Education High School Reference
Above High School 0.4436 0.1132 3.9187 1.5583
Below High School -0.4163 0.1388 -2.9993 0.6595
Median Household Income Less than $30,000 Reference
More than $30,000 0.2442 0.0864 2.8264 1.2766
Labor Force Status Full Time Reference
Part-time -0.0555 0.1614 -0.3439 0.9460
Student -0.8989 0.1648 -5.4545 0.4070
Flexible Work Hours -1.0282 0.1058 -9.7183 0.3577
MOBILITY TOOLS
Car Ownership Car Owner 3.4861 0.1911 18.2423 32.6583
Age 65+ 1.6055 0.4974 3.2278 4.9803
Public Transit Availability PT Available 0.0399 0.1191 0.3350 1.0407
Public Transit User PT User -1.3197 0.0993 -13.2900 0.2672
HEALTH FACTORS
Perceived Health Status Good Reference
Fair 0.0863 0.1529 0.5644 1.0901
Age 65+ -0.4101 0.3135 -1.3081 0.6636
Poor -0.9252 0.2676 -3.4574 0.3965
Age 65+ -0.5370 0.6795 -0.7903 0.5845
Activity Limitations Has Limitations -0.0092 0.1599 -0.0575 0.9908
Age 65+ -0.2988 0.2967 -1.0071 0.7417
SOCIAL NETWORK
Household Size HH Members -0.0448 0.0449 -0.9978 0.9562
Family Network Size Number of family members -0.0027 0.0112 -0.2411 0.9973
considered close
Perceived closeness to family Close to family -0.0358 0.1507 -0.2376 0.9648
Age 65+ -0.3114 0.4578 -0.6802 0.7324
Live Alone Live Alone 1.2160 0.1692 7.1868 3.3737
Age 65+ 1.1991 0.3145 3.8127 3.3171
Civic Involvement Volunteered -0.0953 0.0829 -1.1496 0.9091
Knowledge of Transport Provider Knows Provider Reference
Does Not Know Provider 0.1344 0.1487 0.9038 1.1439
Age 65+ 0.6450 0.4765 1.3536 1.9060
Metropolitan-level Variance 0.0460 0.0250 1.8400 1.0471
DIC 4155.2
Chi-Square 2206.6
p 0.0000
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Table 3

Results of Two-Level Random Intercept Logit Model for Likelihood of Public Transit Use

MODEL/PARAMETERS Public Transit
Parameter Standard t-stat Odds
Estimate Error Ratio
Null Model (Level 1)
Intercept #DIV/0! 1.0000
DIC
Null Model (Level 2)
Intercept -0.8300 0.1000 -8.3000 0.4360
Metropolitan-level Variance 0.2700 0.0810 3.3333 1.3100
DIC 6981.4
Full Model
INTERCEPT 1.6053 0.2505 6.4084 4.9794
SOCIO-DEMOGRAPHIC
Age Group Less 20 1.0671 0.1757 6.0734 2.9069
20-49 Reference
50-64 -0.3556 0.0842 -4.2233 0.7008
65-79 -0.4767 0.1303 -3.6585 0.6208
80+ -1.2334 0.2207 -5.5886 0.2913
Gender Male Reference
Female 0.0716 0.0669 1.0703 1.0742
Marital Status Single Reference
Currently Married -0.1301 0.0738 -1.7629 0.8780
Divorced/Separated/Widowed -0.1283 0.1018 -1.2603 0.8796
SOCIO-ECONOMIC
Education High School Reference
Above High School 0.8196 0.0956 8.5732 2.2696
Below High School -0.0411 0.1252 -0.3283 0.9597
Median Household Income Less than $30,000 Reference
More than $30,000 -0.3794 0.0708 -5.3588 0.6843
Labor Force Status Full Time Reference
Part-time 0.3907 0.1288 3.0334 1.4780
Student 0.7102 0.1445 4.9149 2.0344
Flexible Work Hours 0.1271 0.0922 1.3785 1.1355
MOBILITY TOOLS
Car Ownership Car Owner -0.8238 0.1437 -5.7328 0.4388
Driving License Possession Has License -1.6140 0.1267 -12.7388 0.1991
HEALTH
Perceived Health Status Good Reference
Fair 0.0043 0.1199 0.0359 1.0043
Age 65+ 0.1798 0.2752 0.6533 1.1970
Poor -0.5083 0.2301 -2.2090 0.6015
Age 65+ 0.1791 0.5048 0.3548 1.1961
Activity Limitations Has Limitations -0.2897 0.1234 -2.3476 0.7485
Age 65+ 0.1627 0.2836 0.5737 1.1767
SOCIAL NETWORK
Household Size HH Members -0.1561 0.0362 -4.3122 0.8555
Family Network Size Number of family members -0.0001 0.0092 -0.0109 0.9999
considered close
Perceived closeness to family Close to family -0.2871 0.1156 -2.4836 0.7504
Age 65+ -0.0739 0.2332 -0.3169 0.9288
Live Alone Live Alone -0.1951 0.1078 -1.8098 0.8228
Age 65+ 0.1417 0.1963 0.7219 1.1522
Civic Involvement Volunteered 0.0008 0.0676 0.0118 1.0008
Knowledge of Transport Provider Knows Provider Reference
Does Not Know Provider -0.0245 0.1142 -0.2145 0.9758
Age 65+ -0.1191 0.2901 -0.4105 0.8877
Metropolitan-level Variance 0.4473 0.1503 2.9760 1.5641
DIC 6112.0
ChiSquare 869.4
p 0.0000
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Figure 1

Estimated Residuals for 33 CMAs based on Two-level Random Intercept Logit Model (Null

Model) for Likelihood of Car Driving *
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Figure 2
Estimated Residuals for 33 CMAs based on Two-level Random Intercept Logit Model (Intercept
Only) for Likelihood of Using Public Transit
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5. CONCLUSIONS

This study has examined the linkage between car driving and public transit use with focus
on the Canadian elderly and their personal, mobility facility, health and social network
characteristics. The unique Canadian data set allowed for the modeling of transport mode use
variables that combine these factors. Results validated previous findings that both car driving and
public transit use decline as one ages. It also confirmed the significant gender effect in car driving
wherein men continue to show greater tendency to drive than women. Economic factors predict
to a large extent whether people would drive or use public transit. In this study, car ownership,
income and full-time employment displayed significant positive influence on driving a car. In
contrast, these same factors showed considerable negative effect on public transit use. However,
this does not appear to be the case with education status, with results indicating that there is a
high propensity to use either of these two modes for those with higher education. This suggests
that economic status would make one mode more competitive than the other, but high education
status could portray both modes as competitive alternatives.

It is not difficult to understand the negative effect poor health could impact on both car
driving and public transit use. Physical limitations that constrain mobility were found to decrease
the likelihood of using public transit, a finding that was expected. However, a very interesting
finding of this study is that such limitation does not seem to pose a significant deterrent to the
likelihood of car driving. Even in the presence of physical health problems, mobility is still made
possible through car driving, a finding that flags the issue of road safety for drivers at risk and
those they would potentially put at risk. This study has shown how important license possession
and car ownership are to personal mobility and to be less dependent on other modes of transport
including public transit.

Problems in mobility upon driving cessation could be addressed by providing alternative
transport choices. While public transit is an important alternative, multilevel analysis showed that
at present, public transit use is not a popular mode choice across the metropolitan regions in
Canada relative to other modes, especially the private car. Moreover, this is especially true for
those with physical limitations, where mobility or other health restrictions limit public transit use.
While availability of public transit may not be an issue as evidenced by this study, the quality of
public transit service might explain its unpopularity in terms of accessibility, convenience and
security as have been pointed out in previous studies (e.g. de Boer, 2004; Rosenbloom, 2001).
Alternatively, the physical demands of using public transit — walking to/from stops, stepping
infout of buses, etc., may limit those with health issues. In Canada, improving the performance of
the public transit system remains an issue and challenge. In Ontario, where the largest number of
elderly Canadians resides,, less than 50% of the 55 public transit systems have accessible
vehicles and some even have zero accessibility (Mercado et al., 2007). Specialized transport
services as another vital mobility alternative have been emphasized time and again (e.g. Alsnih &
Hensher 2003; Benjamin et al., 1998). The supply and quality of specialized transportation
services (dial-a-ride services, accessible taxi services, etc.) should be reviewed in terms of
coverage, affordability and frequency of service. Again by way of illustration, in Ontario, a
significant number of these services are more prone to turn down requests due to insufficient
capacity (Mercado et al., 2007). Improved reservation systems and increased awareness of the
dial-a-ride system rather than fare reduction have been found to be crucial in improving current
para-transit services (Benjamin et al., 1998).
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Findings from this study have also underlined that family network could play an
important role in influencing both mobility decisions and provision. Car driving was found to be
more likely when a person lives alone versus with one or more people in the household, a
tendency that is stronger among the elderly than the non-elderly group. This finding emphasizes
that mobility, especially among the elderly, is not only important to carry out daily activities
outside the home as a matter of necessity but also to avoid social isolation. However, in the event
of voluntary driving cessation, suspension of driving license, or when other means of transport
would not be a convenient or feasible option, support from family members or caregivers could
be critical. Licensing authorities, family doctors, and family members should work together to
address mobility options in such cases to maintain a person’s health and quality of life. This is
important given that, and as this study finding showed, elderly people are likely to continue to
strive to maintain their driving skills even with a health condition, rather than prepare to stop
driving (Yassuda et al., 1997). The study found that closeness with family could provide
individuals with mobility support (apart from using public transport). This reinforces previous
findings that family and friends are significant in providing transport support for the elderly
including accessing health services (e.g. Moremen, 2008; Goldsmith & Goldsmith 1995;
Goodwin et al., 1991), in encouraging the elderly to use specialized transport services (Nasvadi &
Wister 2006) and preventing the elderly from resuming driving due to lack of transportation and
to overcome feelings of insecurity (Johnson, 2008). Undeniably, a dependable social network in
tandem with an efficient and convenient public transit and specialized transport services would be
more imperative in the future in view of the increasing number of elderly drivers with health and
social network challenges.
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