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Active Transportation in Kingston, Ontario: An Analysis of Mode,
Destination, Duration, and Season Among Walkers and Cyclists
Patricia A. Collins and Daphne Mayer
Background: Individuals that engage in active transportation (AT) have healthier weights and fitness levels. Most AT research
has focused on work- or school-based destinations. Meanwhile, little is known about the differences between individuals that
engage in the most common forms of AT—walking and cycling—and how these AT patterns vary by destination, duration, and
season. Methods: We recruited 1400 randomly sampled adults (350 per season) in Kingston, Ontario, Canada to complete a
cross-sectional telephone survey. The survey captured the prevalence, destinations, and duration of AT, and we examined the
observed differences by mode. Results: The majority (72%) of respondents were AT-users; walking constituted 93% of overall
mode share. Cyclists were more likely to be male, younger, and employed than walkers. Walkers tended to access neighborhoodbased destinations, while cyclists were more likely to use AT to get to work. AT duration was comparable by mode, ranging from
approximately 8 to 20 minutes. Overall rates of AT were lowest in the winter, but walking rates were reasonably high year-round.
Conclusions: Beyond commuting to work and school, policy-makers and planners should consider the breadth of destinations
accessed by different modes when aiming to increase physical activity through AT in their communities.
Keywords: telephone survey, walking, cycling, adults
As developed countries the world over confront rising obesity
rates,1 public health practitioners are struggling to figure out how
best to stem the tide of this epidemic. Increasing physical activity
(PA) levels is an essential component to reducing the prevalence
of obesity and overweight. While PA has been traditionally viewed
from a recreational perspective, a growing body of evidence signals
the potential of utilitarian-based activity, namely active transportation (AT), to assist individuals in meeting their recommended daily
PA.2,3
According to the Public Health Agency of Canada, AT “refers
to any form of human-powered transportation.”4 AT can take on
many forms, but consists primarily of walking and cycling for
transportation. AT-based activity tends to happen frequently in
shorter stints, while recreation-based activity happens less often
but for longer periods of time.5 Engagement in AT has been associated with favorable health indicators, such as lower BMI and waist
circumference, and higher fitness levels.6,7 A Montreal-based study
found that people are willing to travel further to work using AT than
for other destination types,8 while another study found that commuting to work by bicycle can satisfy activity level recommendations
required for cardiovascular fitness.9 Thus, given recommendations
by the Canadian Society for Exercise Physiology for 150 minutes
of moderate-to-vigorous PA each week,10 as well as comparable
recommendations from the American College of Sports Medicine,11
promoting AT could be especially effective at increasing PA levels
at the population level.
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Countries with high rates of AT have low rates of obesity.12 AT
rates in Canada are higher than those of the USA,13 but Canada lags
behind many European countries that are known for having more ATsupportive policies and infrastructure.14 Indeed, research suggests
that investments in infrastructure that support AT (eg, bike lanes,
sidewalks) may lead to increased AT engagement,15 particularly
for cycling.16 Built environment features like street connectivity,
transportation infrastructure, land use mix, and population and
employment density have all been found to be important predictors
of AT engagement.17–21
Research also suggests that values and attitudes influence one’s
propensity to engage in AT. One study found that environmentally
conscious attitudes are key motivators for engaging in AT,22 while
another found the desire for parking convenience and transportationrelated cost savings to be motivating factors.23 A study of students
at a Canadian university found that those using AT to commute to
school were more satisfied with their daily commute when compared
with those commuting by motorized transit,24 suggesting potential
mental health, in addition to physical health, benefits of AT.
While recreational PA is more common among higher-income
populations, AT rates tend to be higher among lower-income
populations,25–27 which highlights the potential of AT to reduce
socioeconomic disparities in overall PA levels.28 Walking for the
purposes of AT does not appear to vary by gender,29 while cycling is
generally more common among men.29,30 Additionally, a Canadian
study found that AT is more common among younger cohorts, unattached individuals (eg, persons living alone or in households with
nonrelated members31), and people with lower annual incomes.32
While a clear picture may be emerging of the sociodemographic
profile of people using AT, little is known about how walkers and
cyclists differ in terms of the types of destinations accessed, or
duration of time spent engaged in AT. The objective of this study
was to assess the prevalence, mode, destinations, and duration of
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AT among adults in Kingston, Ontario, Canada, with a focus on the
differences we observed between walkers and cyclists.

Methods
Study Setting
This study was conducted in the city of Kingston, Ontario, a midsized municipality with a population of 117,207,33 and a population
density of 79.9 people/km2.34 Kingston is located at the mouth of
the St. Lawrence River, and is situated nearly equidistant between
the metropolitan centers of Toronto, Ontario and Montreal, Quebec.
The majority of households (76%) in Kingston own at least 1 vehicle
and 82% use private automobiles as their primary mode of transportation.34 Over half of all trips by automobile in Kingston are less
than 5 km, and 23% are less than 2 km.34 Thus, while Kingston is
clearly a car-oriented city, it has significant potential for increased
AT engagement among its residents.

Study Design
The study was led by the research division of Kingston, Frontenac, and Lennox & Addington Public Health, and received ethics
approval from Queen’s University Health Sciences and Affiliated
Teaching Hospitals Research Ethics Board. The study consisted
of a cross-sectional survey administered to 4 independent random
samples in each of the 4 seasons. The survey instrument was developed by DM in consultation with an AT advisory group based in
Kingston, Ontario. Data collection for the study began in May 2009
and was completed in February 2011. The study sample consisted
of Kingston residents 18 years of age or older who had the most
recent birthday in their household.

Survey Design, Administration, and Response
Rates
The survey captured the prevalence, mode, destination, and duration
of AT use among respondents, and sociodemographic information.
Face and content validity of the survey instrument were assessed
through peer-review, by a Kingston-based AT advisory group. The
instrument was also pretested and piloted, and subsequent minor
adjustments were made to the instrument. The survey was administered by telephone by a private survey research firm, CCI Research
Inc. Using random samples of residential numbers for the city of
Kingston, the survey was administered in 4 independent cycles
representing the 4 seasons in Ontario: May 2009 (spring), October
2009 (fall), July 2010 (summer), and February 2011 (winter). The
target for each cycle was 350 completed interviews, for a total of
1400 respondents. Computer assisted telephone interviewing software was used to input data into a spreadsheet at the time of the
interview. The response rate was calculated based on total survey
completes divided by survey completes plus successful contacts,
and was 21%.

Data Management and Analysis
The data were analyzed using IBM SPSS version 20. ‘AT users’
were defined as those that had engaged in AT to access at least 1
destination in the 7 days before participating in the survey, while
‘Nonusers’ had not used AT to access even a single destination.
‘Cyclists’ were defined as those AT users that had engaged in at

least 1 cycling trip in the 7 days before participating in the survey,
while ‘Walkers’ were AT users that had not engaged in any cycling
in the 7 days before the survey. Associations with sociodemographic
variables were tested using the Chi-square statistic, while differences in mean duration by mode were measured using independent
samples t-tests.

Results
Sample Characteristics
The majority of survey respondents were female (64%) and
employed (60%), and close to one-third of the sample (31%) earned
a midrange household income (Table 1). Survey respondents were
more likely to be female and older, but had comparable employment
and income levels, when compared with City of Kingston residents
overall. Compared with Nonusers, AT users were significantly more
likely to be younger, employed, and earning lower incomes. Meanwhile, among AT users, Cyclists were significantly more likely to
be male, younger, and employed than Walkers.

AT Patterns by Mode
Most respondents were AT-users (72%), and 86% of AT-users were
identified as Walkers. When examined by destination, 92% of AT
trips were by walking and 8% were by cycling (Table 2). Of all trips
made by walking (N = 3512), the most common destinations were
corner stores (N = 504), grocery stores (N = 420), and parks (N =
403). Of all the trips made by cycling (N = 316), the most common
destinations were work (N = 56), grocery stores (N = 34), and banks
(N = 32). Seven destinations generated higher than average mode
share for cycling: work (23%), recreation centers (14%), schools
(13%), homes of family members (13%), personal appointments
(12%), banks (12%), and libraries (10%). For all other destinations,
walking accounted for over 90% of mode share.

AT Patterns by Destination
We solicited information from respondents about how they accessed
up to 19 types of destinations in the 7 days before survey (Table
2).I A total of 9720 trips were reported, and N = 3828 of these
were by AT. Five of the 19 destination types were accessed by AT
a majority of the time (bus stops 100%, parks 82%, corner stores
73%, schools 62%, and libraries 52%), yet 3 of these destinations
(bus stops, schools, and libraries) are among the 5 least frequented
locales. The remaining 14 destinations were accessed by passive
means most of the time.

AT Patterns by Duration
The mean number of minutes spent engaged in AT to reach a destination ranged from 21.3 minutes to 9.2 minutes for walking, and
from 19.9 minutes to 8 minutes for cycling (Table 3). We compared
the mean durations for walking and cycling for each destination to
determine whether the differences were significant. Duration spent
cycling was significantly higher than for walking for 2 destinations
(home of a friend, park), while duration spent walking was significantly higher than for cycling for 6 destinations (school, grocery
store, corner store, bank, clinic, and library). Using weighted averages, the overall mean duration was 13.1 minutes for walkers and
14.4 minutes for cyclists.
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Abbreviations: pop., population.

$53,072

37.8

Median income

31.4

60.5

% earning $80,000 and more

59.6

% full, part, or self-employed

51

% earning $40,000 to $79,999

40.0

Median age in years

36.1

30.8

47.7

% male

Survey sample
(N = 1400)

% earning $0 to $39,999

City of Kingston45
(pop.: 117,000)

38.3

29.2

32.4

62.4

48.8

36.5

AT User
(N = 1006)

36.4

37.5

26.1

56.9

56.0

35.0

AT Nonuser
(N = 394)

0.022

0.058

< 0.001

ns

P-value

37.8

29.6

32.6

60.5

49.4

33.2

Walker
(N = 867)

41.7

27.0

31.3

74.6

45.0

56.8

Cyclist
(N = 139)

Sociodemographics of Sample, Active Transportation (AT) Users, Nonusers, and City of Kingston45 Residents

Variable

Table 1

ns

0.001

0.003

< 0.001

P-value

Table 2 Trip Frequency by Destination and Active Transportation (AT) Mode
AT mode share
Destination

Walking trips, N

Cycling trips, N

AT trips (%)

Non-AT trips (%)

Total number
of trips

Grocery store

420 (92.5)

34 (7.5)

454 (40.5)

666 (59.5)

1120

Restaurant

276 (94.5)

16 (5.5)

292 (34.1)

565 (65.9)

857

Bank

240 (88.2)

32 (11.8)

272 (33.5)

539 (66.5)

811

Work

193 (77.5)

56 (22.5)

249 (34.1)

483 (65.9)

732

Corner store

504 (94.4)

30 (5.6)

534 (73.2)

195 (26.8)

729

Home of friend

254 (92.4)

21 (7.6)

275 (43.2)

361 (56.8)

636

Shopping mall

114 (90.5)

12 (9.5)

126 (20.1)

502 (79.9)

628

Pharmacy

256 (93.8)

17 (6.2)

273 (44.6)

339 (55.4)

612

Drop off/pickup

95 (96.0)

4 (4.0)

99 (18.0)

451 (82.0)

550

Home of family member

94 (87.0)

14 (13.0)

108 (20.6)

418 (79.4)

526

Park

403 (93.7)

27 (6.3)

430 (82.3)

93 (17.7)

523

Clinic

92 (93.9)

6 (6.1)

98 (23.6)

317 (76.4)

415

Recreation center

78 (85.7)

13 (14.3)

91 (27.1)

245 (72.9)

336

Personal appointment

88 (88.0)

12 (12.0)

100 (30.3)

230 (69.7)

330

Place of worship

47 (100.0)

0 (0.0)

47 (18.2)

211 (81.8)

258

Library

115 (89.8)

13 (10.2)

128 (51.9)

119 (48.1)

247

Bus stop

169 (99.4)

1 (0.6)

170 (100)

0 (0.0)

170

Movies

27 (96.4)

1 (3.6)

28 (18.3)

125 (81.7)

153

School

47 (87.0)

7 (13.0)

54 (62.1)

33 (37.9)

87

3512 (91.7)

316 (8.3)

3828 (39.4)

5892 (60.6)

9720

Total

Table 3 Trip Duration by Destination and Active Transportation (AT) Mode
Destination type
Grocery store

Total number
of trips

Minutes
walking (±SD)

Minutes cycling
(±SD)

t-test score

Degrees
of freedom

P

1120

14.1 (0.7)

11.6 (3.2)

4.555

33

< 0.001

Restaurant

857

13.4 (1.0)

16.3 (9.9)

–1.166

15

ns

Bank

811

13.7 (1.3)

11.7 (2.4)

4.648

31

< 0.001

Work

732

17.4 (1.7)

17.5 (2.6)

–0.270

55

ns

Corner store

729

9.2 (0.6)

8.0 (1.6)

4.065

29

< 0.001

Home of friend

636

9.9 (1.1)

16.9 (5.5)

–5.805

20

< 0.001

Shopping mall

628

19.2 (2.6)

18.0 (10.2)

0.407

11

ns

Pharmacy

612

12.4 (0.9)

11.9 (2.8)

0.745

16

ns

Drop off/pickup

550

12.8 (1.7)

12.5 (4.9)

0.122

3

ns

Home of family member

526

14.7 (2.8)

15.7 (3.4)

–1.048

13

ns

Park

523

11.1 (0.9)

17.2 (5.6)

–5.634

26

< 0.001

Clinic

415

18.6 (2.4)

11.7 (3.3)

5.065

5

< 0.01

Recreation center

336

13.9 (3.2)

19.9 (10.3)

–2.089

12

ns

Personal appointment

330

15.3 (2.0)

15.7 (6.2)

–0.223

11

ns

Library

247

14.6 (1.8)

11.5 (3.5)

3.120

12

< 0.01

School

87

17.8 (2.5)

13.6 (3.6)

3.010

6

< 0.05
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AT Patterns by Season

are needed to increase AT among middle-income households. That
cyclists were more likely to be male is supported by similar findings
elsewhere,29,30 and highlights the need to consider female cyclists
in interventions and strategies aimed to increase overall ridership.

Rates of AT were lowest among winter survey respondents (60%),
and consistent across the 3 remaining seasons in which our survey
was administered (ranging from 75% to 77%) (Table 4). Walking
rates were highest in the fall and spring seasons, while cycling
rates were highest in spring and summer. AT rates were examined
by season for the 10 most frequently visited destinations (Table 5).
AT rates were highest in the spring and summer seasons for 9 of
the 10 destinations; only the drop off/pickup destination had higher
rates of AT in the fall and winter seasons.

Destinations, Mode, Duration, Seasons,
and Prospects for Physical Activity
A handful of destinations—namely drop off/pickup, places of worship, movies, and shopping malls—were accessed by passive means
in particularly high proportions. These findings can be explained by
a range of reasons, including the tendency for people to trip-chain
(ie, accessing multiple destinations in one trip) to minimize travel
demands;35 the long distances required to travel to certain types of
destinations (especially cinemas and shopping malls); the inaccessibility and/or pedestrian unfriendliness of particular destinations
types (eg, Big Box retailers with large surface parking lots); and/or
that travel by the private automobile allows the traveler to transport
items or people that may not be feasible by foot or bicycle. Meanwhile, those destinations that were accessed by AT a majority of
the time and in high proportions (ie, parks and corner stores) likely
reflect the greater availability of, and proximity respondents have
to, these destinations in their neighborhoods.
The mean durations engaged in AT were highly comparable
between walkers and cyclists, suggesting that regardless of the mode

Discussion
Demographic Trends
Nonusers of AT tended to be older in this study, which may reflect
reduced mobility with age, but could also suggest a lack of support
in our study site for seniors to engage in AT. This lack of support for
older adults has been observed across Canada,32 and is a significant
area for improvement given this country’s rapidly aging population.
Higher levels of AT engagement, for both cycling and walking, were
observed among lower and higher income households. This finding
reinforces the point that AT may offer a key opportunity for reducing
income-related disparities in PA,28 and that more targeted efforts

Table 4 Active Transportation (AT) Patterns by Season and Active
Transportation Mode
Season

AT
Walker
Cyclist
No AT
Total

Table 5

Fall

Winter

Spring

Summer

Total

N (%)

N (%)

N (%)

N (%)

N (%)

263 (75.1)

213 (60.9)

268 (76.6)

262 (74.9)

1006 (71.9)

236 (67.4)

210 (60.0)

221 (63.1)

200 (57.1)

867 (61.9)

27 (7.7)

3 (0.9)

47 (13.4)

62 (17.7)

139 (9.9)

87 (24.9)

137 (39.1)

82 (23.4)

88 (25.1)

394 (28.1)

350 (100.0)

350 (100.0)

350 (100.0)

350 (100.0)

1400 (100.0)

Active Transportation (AT) Patterns by Season for 10 Most Frequented Destinations
Percent using AT

Destination

Total number
of trips

Fall

Winter

Spring

Summer

Total

Grocery store

1120

44.4

27.3

47.1

42.7

40.5

Restaurant

857

37.0

24.7

38.8

34.7

34.1

Bank

811

31.2

26.2

42.1

34.7

33.5

Work

732

32.1

30.7

35.8

37.6

34.1

Corner store

729

76.8

61.3

78.4

74.9

73.2

Home of friend

636

45.8

41.1

46.4

38.8

43.2

Shopping mall

628

18.2

17.7

21.3

23.1

20.1

Pharmacy

612

43.1

30.3

50.7

55.6

44.6

Drop off/pickup

550

22.6

21.4

16.9

10.6

18.0

Home of family member

526

18.9

17.8

19.6

26.5

20.6
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or destination, the amount of time people are willing to engage in
AT (and/or distance to travel) is fairly fixed. For walkers, one-third
of all walking trips were to neighborhood-based destinations (ie,
a corner store, home of a friend, or park) in roughly 10-minute
intervals. These findings highlight the importance of considering
nonwork, neighborhood-based destinations as key access points
for walking-based AT, and suggest that AT research focusing on
work-based destinations are likely not capturing the majority of
people that use walking for AT.
The most popular destination for cyclists was work, which fell
on the higher end of the duration spectrum. That cycling trips to
work were typically longer in duration than for other destination
types corresponds with previous Canadian research that found
cyclists are willing to travel further distances for the purposes of
getting to work,8 and suggests that initiatives to promote cycling to
work may be particularly effective at increasing PA levels among
individuals that can cycle.36 To confer population-wide benefit
however, such initiatives would need to foster greater ridership
among older cohorts and females.
Analysis of AT mode by season revealed that the highest
proportions of Walkers were observed in the 2 seasons with the
most moderate temperatures (ie, fall and spring), while the highest
proportions of Cyclists were observed in the 2 warmest seasons (ie,
spring and summer).II It is unclear why the proportion of Walkers
was lower in the summer than spring and fall seasons; it may be that
summer Cyclists tend to be Walkers in other seasons, but our use of
4 independent samples limits our ability to firmly conclude this. The
winter survey sample had especially low rates of Cyclists (less than
1%), suggesting significant barriers to cycling (eg, cold weather,
unsafe road conditions, inadequate attire) in the winter months in
Kingston. That AT rates are almost always higher in the warmer
seasons for most destinations suggests that engagement in all forms
of AT are more challenging in the colder seasons in Kingston.

Implications for Active Transportation
Interventions
This study observed important characteristics about people that do,
and do not, engage in different forms of AT, offering ideas about
how to target interventions to increase AT engagement. Walking
for AT was far more common than cycling and Cyclists were more
likely to be male—both trends that are not unique to this study.29,30,38
However, these findings do suggest that greater support (eg, infrastructural improvements) is needed to increase the overall rates of
cycling for AT in Kingston, and that any interventions should be
particularly mindful about how to increase cycling rates among
women. Research has shown that high rates of female bicycle
ridership are good indicators of a bicycle-friendly community.39
Meanwhile, the consistently high rate of Walkers observed in each
season of our study highlights the importance of ensuring favorable
conditions for walking on a year-round basis.
Our study found that AT users were more likely to be younger
and employed than Nonusers. These findings suggest that greater
support is needed to engage older residents in AT in Kingston. Such
supports can include supportive physical infrastructure for walking
(eg, provision of sidewalks that are clear and in good repair, benches,
narrow street crossings, slower traffic speeds), as well as locating
key amenities (eg, grocery stores, libraries, clinics) in residential
areas with large proportions of seniors (eg, condominium and retirement complexes). Similarly, we suspect that the relatively low rates
of AT observed among middle-income households is due to such
households living in lower-density suburban neighborhoods that

offer more affordable housing than downtown neighborhoods, but
that lack key destinations and infrastructure to support AT.
Most empirical research on AT has tended to focus on commuting to work36 or school;40 however, a unique contribution of this
study is its consideration of a much broader range of destinations.
We found that destinations vary in the frequency with which they
are visited, and the mode by which they are accessed. As such,
municipal policy-makers and planners might consider increasing
the availability of, and safe and efficient access to, neighborhoodbased destinations that already promote AT (eg, parks, corner stores,
transit stops), as well as destinations that may be beyond one’s
neighborhood of residence but are visited frequently (eg, grocery
stores, workplaces, restaurants). Such an approach would foster
greater land use mix, density, and connectivity, which has long been
advocated by the planning profession for creating vibrant and more
active communities.41 Destinations that generate particularly low
levels of AT (eg, shopping malls, places of worship) will require
longer-term commitment and vision, but support is growing for
initiatives to retrofit these spaces to resemble more complete communities.42 So, while work- and school-based destinations may be
accessed daily by adults and children respectively, considering a
broader range of destinations provides public health officials and
planners with greater options for promoting AT in their jurisdictions.
Finally, our study generated some interesting comparisons
between Walkers and Cyclists in terms of the destinations they
frequent and the duration they spend engaged in AT. Walking was
used in high proportions to access destinations that tend to be
neighborhood-based (ie, ‘parks,’ ‘corner stores’), while common
destinations for Cyclists were more commercial ones likely located
at a greater distance from respondents’ homes (ie, ‘work,’ ‘bank’).
These findings suggest that investments in AT-supportive infrastructure should vary depending on the type of destination that is being
accessed (eg, safe walking routes to parks, end-of-trip cycling facilities at workplaces). The relative consistency of time spent engaged
in AT between Walkers and Cyclists in our study offers planners
and transportation engineers some insights into where best to locate
amenities, and AT routes to those amenities, to capitalize on this
predictable threshold for time spent engaged in AT.

Study Limitations
Although not atypical for a survey of the general public,43,44 the
response rate for this study was low, which introduces the possibility of nonresponse bias. Given the topic, we surmise that nonresponders were less likely to use AT on a regular basis, and thus,
the prevalence of AT-Users in this study may be overestimated. The
survey also generated a higher response from women which, given
our findings, may have led to an underestimate of the prevalence
of cycling for AT purposes in Kingston. Our findings may also be
subject to recall desirability, as respondents were asked about their
behaviors over the previous week. As we were seeking information
on a broad range of destinations, we choose to capture only 1-way
travel details to minimize participant burden. As such, we anticipate
that the total amount of time our study sample spent engaged in AT
is underestimated. Finally, people defined as ‘cyclists’ may have
only ridden once, but may have walked for the rest of their trips.
We made this decision because we felt that anyone that would be
willing to ride a bicycle, even for a single trip in a week, would be
different in sociodemographic terms from those that never rode a
bicycle in 7 days. That the sociodemographic profile of the ‘cyclists’
in our sample is comparable to that found in other studies leads us
to believe that our assumption was valid.
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Conclusions
This study observed significant sociodemographic differences
between AT Users and Nonusers, as well as between Walkers and
Cyclists. These findings are consistent with existing literature.
Destinations accessed by AT a majority of the time tended to be
neighborhood-based, suggesting opportunities for intervention at
the neighborhood-level to promote AT. The duration spent engaged
in AT was comparable between modes, suggesting that the amount
of time and/or distance people are willing to travel for AT is fairly
fixed, and that the public health benefit for these activities is roughly
equal. Given the variation in destinations accessed by mode, we
expect that walking-based AT could be increased through better
land-use mix within residential neighborhoods, while efforts to
increase cycling for AT might better focus on employer-based initiatives, end-of-trip facilities, and improvements to roadways for
safe and efficient travel by bicycle.
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Notes
We gathered information about 19 destinations to capture a broad range
of AT activity.

I

Average high temperatures for Kingston, Ontario are –2.8°C in January
(winter), 10.9°C in April (spring), 25.7°C in July (summer), and 13.3°C
in October (fall).37
II

References
1. Caballero B. The Global Epidemic of Obesity: an overview. Epidemiol
Rev. 2007;29(1):1–5.
2. Heart and Stroke Foundation of Canada Position Statement. Community design, physical activity, heart disease and stroke. Ottawa,
ON: Heart and Stroke Foundation of Canada; 2011.
3. The links between public health and sustainable and active transportation: issue paper. Ottawa, ON: Transport Canada; 2006.
4. What is active transportation? Ottawa, ON: Public Health Agency
of Canada; 2010. http://www.phac-aspc.gc.ca/hp-ps/hl-mvs/pa-ap/
at-ta-eng.php. Accessed August 1, 2012.
5. Spinney JEL, Millward H, Scott D. Walking for transport versus recreation: a comparison of participants, timing, and locations. J Phys
Act Health. 2012;9:153–162. PubMed
6. Boone-Heinonen J, Jacobs DR, Sidney S, Sternfeld B, Lewis CE,
Gordon-Larsen PA. Walk (or cycle) to the park active transit to
neighborhood amenities, the CARDIA Study. Am J Prev Med.
2009;37(4):285–292. PubMed doi:10.1016/j.amepre.2009.06.006
7. Ming Wen L, Rissel C. Inverse associations between cycling to work,
public transport, and overweight and obesity: findings from a population based study in Australia. Prev Med. 2008;46:29–32. PubMed
doi:10.1016/j.ypmed.2007.08.009

8. Larsen J, El-Geneidy A. Beyond the quarter mile: re-examining travel
distances by active transportation. Can J Urban Res. 2010;19:70–88.
9. de Geus B, De Smet S, Nijs J, Meeusen R. Determining the intensity
and energy expenditure during commuter cycling. Br J Sports Med.
2007;41(1):8–12. PubMed doi:10.1136/bjsm.2006.027615
10. Canadian Physical Activity Guidelines: for adults 18-64 years. Ottawa,
ON: Canadian Society for Exercise Physiology; 2012. http://csep.ca/
CMFiles/Guidelines/CSEP-InfoSheets-adults-ENG.pdf.
11. Haskell WL, Lee IM, Pate RR, et al. Physical activity and public
health: updated recommendation for Adults from the American
College of Sports Medicine and the American Heart Association.
Circulation. 2007;116:1081–1093. PubMed doi:10.1161/CIRCULATIONAHA.107.185649
12. Bassett DR, Pucher J, Buehler R, Thompson DL, Crouter SE. Walking,
cycling, and obesity rates in Europe, North America, and Australia. J
Phys Act Health. 2008;5(6):795–814. PubMed
13. Pucher J, Buehler R. Why Canadians cycle more than Americans: a
comparative analysis of bicycling trends and policies. Transp Policy.
2006;13(3):265–279. doi:10.1016/j.tranpol.2005.11.001
14. Pucher J, Dijkstra L. Making walking and cycling safer: lessons from
Europe. Transp Q. 2000;54:25–50.
15. Dill J. Bicycling for transportation and health: the role of infrastructure.
J Public Health Policy. 2009;30:S95–S110. PubMed doi:10.1057/
jphp.2008.56
16. Titze S, Stronegger WJ, Janschitz S, Oja P. Association of builtenvironment, social-environment and personal factors with bicycling
as a mode of transportation among Austrian city dwellers. Prev Med.
2008;47(3):252–259. PubMed doi:10.1016/j.ypmed.2008.02.019
17. Badland HM, Schofield GM, Garrett N. Travel behavior and objectively measured urban design variables: associations for adults traveling to work. Health Place. 2008;14(1):85–95. PubMed doi:10.1016/j.
healthplace.2007.05.002
18. Cerin E, Leslie E, du Toit L, Owen N, Frank LD. Destinations
that matter: associations with walking for transport. Health Place.
2007;13(3):713–724. PubMed doi:10.1016/j.healthplace.2006.11.002
19. Curran A. Taking the pulse of active transportation: measuring the built
environment for healthy communities. Plan Canada. 2006;46(2):32–
34.
20. de Nazelle A, Nieuwenhuijsen MJ, Anto JM, et al. Improving
health through policies that promote active travel: a review of evidence to support integrated health impact assessment. Environ Int.
2011;37(4):766–777. PubMed doi:10.1016/j.envint.2011.02.003
21. Huang L, Stinchcomb DG, Pickle LW, Dill J, Berrigan D. Identifying clusters of active transportation using spatial scan statistics.
Am J Prev Med. 2009;37(2):157–166. PubMed doi:10.1016/j.
amepre.2009.04.021
22. Bopp M, Kaczynski AT, Wittman P. The relationship of eco-friendly
attitudes with walking and biking to work. J Public Health Man.
2011;17(5):E9–E17. PubMed
23. Merom D, Miller YD, van der Ploeg HP, Bauman A. Predictors of
initiating and maintaining active commuting to work using transport
and public health perspectives in Australia. Prev Med. 2008;47(3):342–
346. PubMed doi:10.1016/j.ypmed.2008.03.014
24. Paez A, Whalen K. Enjoyment of commute: a comparison of different transportation modes. Transp Res Part A Policy Pract.
2010;44(7):537–549. doi:10.1016/j.tra.2010.04.003
25. Yang Y, Diez Roux AV, Bingham CR. Variability and seasonality of
active transportation in USA: evidence from the 2001 NHTS. Int J
Behav Nutr Phys Act. 2011;8:96. PubMed doi:10.1186/1479-58688-96

JPAH Vol. 12, Suppl. 1, 2015
Unauthenticated | Downloaded 09/18/20 07:52 AM UTC

Active Transportation in Kingston Ontario   S83
26. Kruger J, Ham SA, Berrigan D, Ballard-Barbash R. Prevalence of
transportation and leisure walking among US adults. Prev Med.
2008;47(3):329–334. PubMed doi:10.1016/j.ypmed.2008.02.018
27. Pont K, Ziviani J, Wadley D, Bennett S, Abbott R. Environmental
correlates of children’s active transportation: a systematic literature
review. Health Place. 2009;15(3):827–840. PubMed doi:10.1016/j.
healthplace.2009.02.002
28. Berrigan D, Troiano RP, McNeel T, DiSogra C, Ballard-Barbash R.
Active transportation increases adherence to activity recommendations. Am J Prev Med. 2006;31(3):210–216. PubMed doi:10.1016/j.
amepre.2006.04.007
29. Bell AC, Garrard J, Swinburn BA. Active transport to work in
Australia: is it all downhill from here? Asia Pac J Public Health.
2006;18(1):62–68. PubMed doi:10.1177/10105395060180011001
30. Brockman R, Fox KR. Physical activity by stealth? The potential health benefits of a workplace transport plan. Public Health.
2011;125(4):210–216. PubMed doi:10.1016/j.puhe.2011.01.005
31. Statistics Canada Thesaurus: unattached individuals. Ottawa, ON:
Statistics Canada, Government of Canada; 2012. http://www47.
statcan.ca/multites/mtwdk.exe?k=stateng&l=60&w=4047&n=1&s=
5&t=2. Accessed April 1, 2013.
32. Butler GP, Orpana HM, Wiens AJ. By your own two feet—factors
associated with active transportation in Canada. Can J Public Health.
2007;98(4):259–264. PubMed
33. About the City of Kingston. Kingston, ON: City of Kingston. http://
www.cityofkingston.ca/about.asp. Accessed August 4, 2012.
34. Profile KC. A Socio-Demographic Analysis of Kingston, Ontario.
Kingston, ON: Social Planning Council of Kingston & Area; 2009.
35. Hensher DA, Reyes AJ. Trip chaining as a barrier to the propensity to use public transport. Transportation. 2000;27(4):341–361.
doi:10.1023/A:1005246916731

36. Shephard RJ. Is active commuting the answer to population health?
Sports Med. 2008;38(9):751–758. PubMed doi:10.2165/00007256200838090-00004
37. Statistics: Kingston, ON. Toronto, ON: The Weather Network. 2013;
http://www.theweathernetwork.com/statistics/temperature/cl6104175/
caon0349. Accessed April 1, 2013.
38. Delmelle EM, Delmelle EC. Exploring spatio-temporal commuting
patterns in a university environment. Transp Policy. 2012;21:1–9.
doi:10.1016/j.tranpol.2011.12.007
39. Garrard J, Handy SL, Dill J. Women and Cycling. In: Pucher J,
Buehler R, eds. City cycling, Chapter 10. Cambridge, MA: MIT Press;
2012:211–234.
40. Lubans DR, Boreham CA, Kelly P, Foster CE. The relationship
between active travel to school and health-related fitness in children
and adolescents: a systematic review. Int J Behav Nutr Phys Act.
2011;8(5):1–12. PubMed
41. Aytur SA, Rodriguez DA, Evenson KR, Catellier DJ, Rosamond WD.
Promoting active community environments through land use and
transportation planning. Am J Health Promot. 2007;21(4):397–407.
PubMed doi:10.4278/0890-1171-21.4s.397
42. Dunham-Jones E, Williamson J. Retrofitting suburbia: urban design
solutions for redesigning suburbs. Hoboken, NJ: John Wiley & Sons,
Inc.; 2011.
43. Dillman DA, Phelps G, Tortora R, et al. Response rate and measurement differences in mixed-mode surveys using mail, telephone,
interactive voice response (IVR) and the Internet. Soc Sci Res.
2009;38(1):1–18. doi:10.1016/j.ssresearch.2008.03.007
44. Kaplowitz MD, Hadlock TD, Levine R. A comparison of web and
mail survey response rates. Public Opin Q. 2004;68(1):94–101.
45. Kingston, Ontario (Code3510010) (table). 2006 Community Profiles.
2006 Census. Ottawa, ON: Statistics Canada; 2007.

JPAH Vol. 12, Suppl. 1, 2015
Unauthenticated | Downloaded 09/18/20 07:52 AM UTC

