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Highlights

• Among Canadian studies investi
gating the association between the 
objectively measured built envi
ronment and walking, recreational 
walking is studied less frequently 
than transportation walking or walk
ing for any purpose.

• Objectively measured walkability, 
land use mix and destination prox
imity are associated with walking 
outcomes among Canadian adults.

• In Canadian neighbourhoods, objec
tively measured built characteris
tics are more consistently associated 
with transportation walking than 
with recreational walking.

• Except for two longitudinal stud
ies, all Canadian studies investigat
ing the association between the 
objectively measured built environ
ment and walking are crosssectional.

Canadian adults do not undertake enough 
physical activity.12 Creating neighbourhood 
built environments that support physical 
activity may be one approach to increas
ing physical activity at the population 
level and, in turn, decrease the economic 
burden of chronic health conditions in 
Canada.

The built environment includes all charac
teristics of the physical environment that 

Abstract

Introduction: Evidence to date suggests that the built environment has the potential to 
facilitate and even discourage physical activity. A limitation of previous reviews is that 
they have typically not been countryspecific. We conducted a systematized literature 
review of quantitative studies that estimated associations between the built environ
ment—which were objectively measured—and walking among Canadian adults.

Methods: Five scientific databases were searched for peerreviewed studies published 
in all years up to December 31, 2016, that estimated the association between the built 
environment (i.e. objectively measured using audits and Geographic Information 
Systems [GIS]) and physical activity among a sample of Canadian adults. The database 
searches, title and abstract screen, fulltext review and data extraction were undertaken 
by two reviewers.

Results: Of 4140 articles identified, 25 met the inclusion criteria. Most studies included 
data from a single Canadian province. All but two studies were crosssectional. Most 
studies captured selfreported walking for transportation and walking for any purpose. 
Overall walkability and land use were consistently associated with walking for transpor
tation, while proximity to destinations was associated with walking for any purpose.

Conclusions: Our review findings suggest that the built environment is potentially 
important for supporting adult walking. Overall walkability, land use and proximity to 
destinations appear to be important given their association with transportation walking 
and walking for any purpose.

Keywords: built environment, walking, pedestrian, neighbourhood, physical activity, 
walkability, transportation, recreation

including cardiovascular disease,1 diabe
tes,1 hypertension,2 depression,3 cancer,4,5 

and obesity.6,7 The treatment and manage
ment of chronic health conditions result
ing from a lack of physical activity place a 
significant economic burden on Canada’s 
health care system79 and elsewhere. Des
pite the known health benefits,10, 11 many 

Introduction

Walking is a popular physical activity 
that requires no special ability, skill or 
equipment and incurs a minimal cost to 
undertake. By contributing to physical 
activity levels, walking helps to reduce 
the risk of chronic health conditions 

http://twitter.com/share?text=%23HPCDP Journal – %23Evidencesynthesis: A systematized %23literaturereview on the associations between neighbourhood built characteristics and walking among Canadian adults&hashtags=PHAC,builtenvironment&url=https://doi.org/10.24095/hpcdp.39.1.01
https://doi.org/10.24095/hpcdp.39.1.01
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have been planned, constructed or modi
fied by humans.13 Evidence from system
atic reviews suggests that the neighbourhood 
built environment is associated with phys
ical activity.1416 Findings from these reviews 
also suggest that the neighbourhood built 
environment is more supportive of walk
ing than of any other physical activity, 
and that built environment correlates may 
differ depending on the purpose of walk
ing (e.g. transportation walking, recrea
tional walking, dog walking).14,16,17 Studies 
have consistently found an association 
between land use mix, destination mix 
and proximity, residential or population 
density, street and pedestrian connectiv
ity, and overall levels of walkability and 
walking.14,16,1822 However, it is not known 
whether there is a link between these 
findings and the exact geographical loca
tion or region (e.g. city or country) in 
which the study was undertaken.

To date, systematic reviews exploring the 
relationship between the built environ
ment and physical activity have typically 
combined findings from studies under
taken in multiple geographical contexts.14,19,21 
The findings from these literature reviews 
have been heavily informed by studies 
undertaken in Australia, European coun
tries, and the United States; these studies 
suggest that the findings may not be gen
eralizable to a specific geographic loca
tion. Given that the prevalence of physical 
activity differs between countries,2325 we 
might also expect that the same built char
acteristics have different impacts on phys
ical activity depending on the geographical 
location and context. Pucher and Buehler25 
found higher levels of cycling among 
Canadians than Americans, and con
cluded that this difference was the result 
of the differences in the built environment 
(levels of residential density and land use 
mix, safer cycling conditions and differ
ence in cycling infrastructure), incomes, 
costs associated with car ownership and 
cycling training programs. While Sugiyama 
et al.26 found consistent associations 
between several selfreported built charac
teristics and walking among people in 
12  countries, the authors also noted that 
the relationship between selfreported 
neigh bourhood aesthetics and recreational 
walking differed between countries. Cerin 
et al.27 also found that associations 
between selfreported aesthetics and street 
connectivity and objectively measured 
physical activity differed between coun
tries. Moreover, Ding et al.28  found some 
differences across countries between 

selfreported residential density, proximity 
to transit, bicycle facilities and safety from 
crime and the likelihood of meeting physi
cal activity recommendations. These find
ings suggest that consideration should be 
given to the country in which the evi
dence is derived, especially if this evi
dence is used to inform local urban policy 
or practice.

Given that the associations between the 
built environment and physical activity 
are likely countryspecific, it might be use
ful to review the evidence and develop 
recommendations that can help inform 
local urban and transportation policy and 
planning decisions. The strong emphasis 
on selfreported measures of the built 
environment16,19,22 in some studies is also 
cause for concern, as selfreport and 
objective measures of the same built envi
ronment characteristics do not always cor
respond.29,30 Thus, the aim of this study 
was to undertake a systematized literature 
review of quantitative studies that esti
mate the associations between the objec
tively measured built environment and 
walking for different purposes among 
Canadian adults.

Methods

Search strategy

The Preferred Reporting Items for Systematic 
Reviews and MetaAnalysis (PRISMA) 
guidelines31 informed the methods used 
for this investigation. Given that not all 
elements of a systematic review, such as a 
quantitative assessment of each study’s 
internal validity, were included, this 
review is referred to as a “systematized 
literature review.”32 To identify relevant 
literature, queries were developed for 
five databases that had been used in pre
vious built environment–physical activity 
reviews:14,16,19 MEDLINE; Cumulative Index 
to Nursing and Allied Health Literature 
(CINAHL); SPORTDiscus; Transport Research 
International Documentation (TRID); and 
Environment Complete. Our broad and 
comprehensive search of peerreviewed 
articles spanning all years up to December 
31, 2016, covered all relevant studies that 
looked at the association between the 
built environment and all types of physi
cal activity, and not only walking.

As per bestpractice recommendations for 
systematic reviews of observational stud
ies, a standardized approach was used to 
identify potentially relevant studies. 18 The 

database search comprised three compo
nents: (1) identifying relevant terms 
related to the built environment, with the 
first Boolean search using “or” to explode 
(search by subject heading) and map 
(search by keyword) the medical subject 
headings “built environment,” “urban 
design,” “urban form” or “neighbourhood” 
or “landscape architecture”; (2)  identify
ing relevant terms related to the physical 
activity, with the second Boolean search 
using “or” to explode and map the terms 
“physical activity,” “recreation,” “leisure,” 
“transportation,” “physical exertion,” “exer
cise,” “walking,” “cycling” or “jogging”; 
and (3) identifying studies in the Canadian 
context, using a final Boolean search 
using “or” to explode and map the medi
cal subject headings, with keywords that 
included “Canada,” “Canadian,” “Alberta,” 
“British Columbia,” “Manitoba,” “New 
Brunswick,” “Newfoundland and Labrador,” 
“Nova Scotia,” “Northwest Territories,” 
“Nunavut,” “Ontario,” “Prince Edward 
Island,” “Quebec,” “Saskatchewan” or 
“Yukon.” These three search strings were 
then combined using the Boolean opera
tor “and” for all possible combinations.

In addition to the database searches, we 
scanned the reference lists of relevant lit
erature reviews as well as all articles that 
were deemed eligible for a comprehensive 
review.

Study selection

One reviewer (BF) screened the titles of 
identified abstracts (n = 4140) to exclude 
nonrelevant articles. Of those identified, 
796 abstracts were initially reviewed. 
Abstracts reporting on the association be
tween the built environment and physical 
activity were selected for fulltext review. 
Comprehensive reviews were also done 
on articles where the abstracts were un
clear. A random sample of 270 abstracts 
were double screened (by BF and DW)  
to estimate interrater agreement of in
cluded studies (percent of overall agree
ment = 87.0%) and to validate inclusion 
criteria. Both researchers then indepen
dently reviewed half (n = 263) of the re
maining 526 abstracts. Literature reviews, 
commentaries, conference abstracts and 
proceedings, and pilot studies identified at 
the abstract or fulltext screening stages 
were excluded from the review.

Articles were retained if they met the 
inclusion criteria for research design 
(quantitative), study population (Canadian 
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adults aged ≥ 18 years), exposure (objec
tively measured built characteristics 
related to destinations or land uses, popu
lation or residential density, pedestrian 
amenities or infrastructure, pedestrian or 
street connectivity, personal or traffic 
safety, aesthetics, neighbourhood typol
ogy or walkability) and outcome (any self
reported or objectively measured physical 
activity such as walking, running, cycling, 
sports or overall measures of physical 
activity, such as moderatetovigorous 
physical activity). The final inclusion cri
terion for the review was that a study had 
to have estimated an association between 
an objective measure of the built envi
ronment and physical activity. For the full
text review, interrater agreement was 
acceptable (percent of overall agree
ment   =  87.0%). Articles that included 
studies measuring selfreported built char
acteristics only were excluded from the 
review.

Data extraction

From each eligible article, the two review
ers (BF and DW) extracted author details 
(name and year of publication), study 
design (crosssectional, longitudinal, exper
iment), sample design (random or non
random and size), geographical location 
of data collection, sample characteristics 
(demographic and socioeconomic), physi
cal activity outcomes, built environment 
characteristics, estimated associations 
between built environment characteristics 
and physical activity outcomes and, where 
applicable, details on the confounders 
adjusted for in the analysis. Where possi
ble, the final model, or the most (or fully) 
covariateadjusted estimates of associa
tion between the built environment and 
physical activity, were extracted. The esti
mated associations between each built 
environment characteristic and physical 
activity outcome were coded as follows: 
null, for nonsignificant associations; or 
positive or negative, for significant associ
ations based on the direction of associa
tion. Purely descriptive statistics that did 
not include (inferential) tests of statistical 
significance were not extracted or synthe
sized in this review.

Where available, we extracted all informa
tion on physical activity participation or 
prevalence including achievement of phys
ical activity recommendations or guide
lines (e.g. 150 minutes of moderate to 
vigorous physical activity per week33 or 
reaching recommended number of steps/

day), frequency (e.g. number of walking 
trips per week), duration and volume (e.g. 
number of steps per day or energy expen
diture). To help in the extraction and 
synthesis of the built environment charac
teristics,34 we used an existing framework 
that combines built environment charac
teristics posited to be associated with 
walking into four broad categories or fea
tures: functional, safety, aesthetic and 
destination. These features—functional, des
tination, safety and aesthetic—have been 
used in previous literature reviews:3538

• Functional features include character
istics such as overall walkability (e.g. 
summary indices, Walk Score) and 
neighbourhood typology (e.g. urban, 
suburban, new urbanist), pedestrian 
and street connectivity (e.g. density of 
intersections, street pattern) and resi
dential or population density. 

• Destination features included charac
teristics such as land use or destina
tion mix, proximity to transportation 
or recreational destinations and qual
ity of destinations. 

• Safety features included measures of 
traffic (e.g. speed, volume) and per
sonal or crimerelated (e.g. evidence of 
disorder or incivilities) safety. 

• Aesthetic features included measures 
of attractive, interesting or comfort
related built characteristics (e.g. mani
cured gardens and lawns, architecture, 
monuments, water features). 

Although we allocated each association 
between the built environment and walk
ing into one of these features, we acknowl
edge that in some cases built characteristics 
could fall into more than one feature. For 
example, the presence of a park could be 
considered as either an aesthetic or desti
nation feature. To determine the most 
appropriate category, we considered what 
element of the built characteristic had 
been assessed. For example, a park 
described as a component of land use mix 
was categorized as a destination feature,39 

whereas a park described in terms of 
attractiveness or aesthetics was catego
rized as an aesthetic feature.40

Synthesis and analysis

Descriptive statistics (counts and frequen
cies) in addition to a narrative description 
were used where possible to summarize 
the study’s methodological strengths and 
limitations as well as the association 

between built characteristics and walking. 
Built environment and walking associa
tions were summarized by feature (func
tional, destination, safety and aesthetic) 
and walking outcome (i.e. participation, 
frequency, achievement of sufficient phys
ical activity, duration and volume). Our 
summary findings are presented in tabular 
and graphical form. Given the heterogene
ity of the study designs, the built environ
ment and walking variables, and the 
statistical procedures used, a metaanaly
sis of our review findings was not 
possible.

Results

Identification of studies

The initial search yielded 4140 unique 
records (Figure 1). After completion of 
title and abstract screening, 157 articles 
underwent fulltext review, with 55 stud
ies identified as satisfying the inclusion 
criteria review. Thirty of these 55 studies, 
which looked at nonwalking physical 
activity (e.g. total physical activity, mod
erate to vigorous intensity physical activ
ity, cycling, and walking and cycling 
combined), were subsequently excluded—
leaving only 25 studies that met the inclu
sion criteria (Table 1).

Summary of study characteristics

Samples
Included studies were published between 
2002 and 2016, with more than 80% 
(n = 21) published in 2011 or later. Most 
studies were undertaken in a single prov
ince (n = 20); two studies included data 
from multiple provinces;41,42 and three 
studies included national data.4345 Quebec 
was the most frequent study location 
(n = 13), followed by Alberta and British 
Columbia (n = 9) and Ontario (n = 6). 
Three studies included data from each 
Saskatchewan, Manitoba, Newfoundland, 
Nova Scotia, PEI and New Brunswick. No 
studies were specifically undertaken in 
the three territories (Nunavut, Northwest 
Territories or Yukon), though data from 
the territories were included in two stud
ies that used national data.43,44 Among 
studies that reported mean age (n = 11), 
the lowest mean age was 33.6 years46 and 
the highest mean age was 75 years.47 Six 
study samples involved only older adults 
(≥50 years). Of the studies that reported 
response rate, the lowest rate was 8%48 
and the highest was 74%.47 Sample sizes 
ranged from n = 7749 to n = 151  318.44 
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FIGURE 1 
Details of selection of studies for review
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Records screened
n = 796

Studies included in systematized review of walking only
n = 25

Full-text articles assessed for eligibility
n = 157

Eligible studies
n = 55

Records removed in title screening
n = 3 344

Records excluded
n = 639

Full-text excluded
n = 102

Reasons for exclusion:

Not primary study:  n= 7
Not observational: n = 7
Built characteristic not exposure: n = 24
Built characteristic not objectively defined: n = 26
Physical activity not a study outcome: n = 21
Sample not Canadian adults: n = 11
Duplicate record: n = 6

Full-text excluded
n = 30

Reason for exclusion:

Physical activity not walking: n = 30

TRID
n = 57

CINAHL
n = 133

SPORTDiscus
n = 328

MEDLINE
n = 2 271

Environment Complete
n = 1 588

Duplicates records removed
n = 284

Records identified through database screening
n = 4 377

Additional records identified through other sources 
n = 47

Most studies used a simple random sam
pling strategy (n = 20); three studies used 
stratified sampling;45,49,50 and two studies 
used automated pedestrian count data.51,52

Study design
Most studies used a crosssectional design 
(n = 23). Two longitudinal studies were 
included. A longitudinal study conducted 
by Gauvin et al.50 captured changes in the 
built environment and walking among 

older adults over a threeyear period. 
Wasfi et al.45 examined how residential 
relocation (e.g. moving to a neighbourhood 
with a higher or lower Walk Score) was 
associated with duration of transportation 
walking. The authors explored transporta
tion walking and neighbourhood exposure 
time over the same 12year period.45 Of the 
14 studies that indicated the dates of data 
collection, ten studies captured the walk
ing and built environment data within 
three years of each other.4042,44,46,49,56,58,60,63

Measurement of walking

Walking was assessed most frequently 
using selfreport (n  =  22). Five studies 
measured walking using the International 
Physical Activity Questionnaire (IPAQ), 
which captured physical activity in the 
past seven days;40,5457 two used the 
Neighbourhood Physical Activity Question
naire (NPAQ), which captured neighbour
hoodbased physical activity undertaken 
in a usual week.17,42 Other studies included 



5 Health Promotion and Chronic Disease Prevention in Canada 
Research, Policy and PracticeVol 39, No 1, January 2019

TABLE 1 
Summary of demographic and study characteristics for the 25 included studies 

Study Design Province
Sample 

size
Age range 

(years)
Female 

(%)
Built environment 

characteristicsa Type of walkinga

Chiu et al. (2015)53 Cross-sectional ON 106 337 20+ 51.2
Walkability 

(2005–2008)

Walk for transportation  
(1996, 1997, 2001, 2003, 

2005, 2007, 2008)

Chudyk et al. (2015)48 Cross-sectional BC 150 70–79 66 Walkability Walk for transportation

Craig et al. (2002)41 Cross-sectional
ON, QC, 

AB
10 983 NR NR

Walkability 
(1999–2000)

Walk for transportation  
(1996)

Frank et al. (2015)42 Cross-sectional BC, ON 2 748 25+ 58.2
Walkability 

(2011)
Walk for recreation, walk 
 for transportation (2011)

Gauvin et al. (2008)54 Cross-sectional QC 2 614 44–65+ 61.1

Proximity to 
destination, 

connectivity, personal 
safety

Walk for recreation, walk  
for any purpose (2005)

Gauvin et al. (2012)50 Cohort QC 521 67–84 53.4
Proximity to 
destination

Walk for any purpose  
(2006)

Hajna et al. (2015)43 Cross-sectional
All 

(excluding 
Nunavut)

2 949 18+ 51.4
Walk Score  

and Walkability 
(2006, 2009, 2015)

Walk for any purpose,  
walk for transportation 

(2007–2009)

Hajna et al. (2016)60 Cross-sectional QC 201 18+ 48.1
Walk Score  

and Walkability 
(2006, 2008, 2009)

Walk for any purpose 
(2006–2008)

Hirsch et al. (2016)49 Cross-sectional BC 77 65–80+ 66.2
Land use, proximity to 

destination (2013)
Walk for any purpose  

(2012)

Jack et al. (2014)55 Cross-sectional AB 1 875 18–60+ 62.2 Walkability
Walk for transportation, walk 

for recreation (2007–2008)

Manaugh et al. (2011)59 Cross-sectional QC 17 394 NR NR
Walk Score and 

Walkability
Walk for transportation  

(2003)

McCormack et al. (2012)17 Cross-sectional AB 4 034 18+ 59.7 Walkability
Walk for transportation, walk 

for recreation (2007–2008)

McCormack et al. (2011)62 Cross-sectional AB 506 18+ 64.2
Walkability, proximity 

to destination
Walk for recreation  

(2007–2008)

Miranda-Moreno et al. (2013)51 Cross-sectional QC NRb NR NR Land use
Walk for any purpose 

(2010–2011)

Miranda-Moreno et al. (2011)52 Cross-sectional QC NRb NR NR

Connectivity, 
population density, 
land use, proximity  

to destination

Walk for any purpose  
(2011)

Moniruzzaman et al. (2015)58 Cross-sectional QC 13 127 55+ NR

Proximity to 
destination, land use, 

population density 
(2009)

Walk for transportation  
(2008)

Oliver et al. (2011)61 Cross-sectional BC 1 602 19+ 61.8 Land use
Walk for transportation,  

walk for recreation (2006)

Oliver et al. (2007)63 Cross-sectional BC 1 311 20–60 61.4 Land use (2006)
Walk for transportation,  

walk for recreation (2006)

Riva et al. (2009)57 Cross-sectional QC 2 923 45–65+ 61.8 Walkability
Walk for transportation,  

walk for recreation, walk for 
any purpose (2005)

Continued on the following page
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walking data collected for the Canadian 
Community Health Survey,44,47,53 Canadian 
Census41 and National Population Health 
Survey.45,53 Six studies included walking 
(e.g. trips by foot) reported in travel dia
ries.40,46,48,49,58,59 Three studies measured 
walking using selfreports and accelerom
eters;40,43,49 one study captured steps/day 
using pedometers;60 and two studies 
audited pedestrian activity using auto
mated counters.51,52 Walking undertaken in 
the past seven days was most often 
assessed (n  =  16), although walking in 
the previous day (n = 3), previous 14 days 
(n = 1) and previous three months (n = 3) 
were also captured.

With respect to the purpose of walking, 
17  studies included transportation walk
ing, 10 included walking for any purpose 
and 9 included recreational walking. While 
all 25 studies included in this review esti
mated associations between the built 
environment and walking, 4 studies also 
estimated associations between the built 
environment and other physical activities 
such as leisure time44,49,53 and moderateto
vigorous physical activity.61

Measurement of the built environment

The objectively measured built environ
ment characteristics related to walking 

included walkability or overall built envi
ronment indices (n = 15), proximity or 
density of destinations (n = 8), land use 
(n = 7), pedestrian or street connectivity 
(n = 4), population density (n = 4), aes
thetics (n = 2), personal safety (n = 2) 
and traffic safety (n = 1). Built environ
ment characteristics were estimated using 
GIS primarily (n  =  21); however, four 
studies also collected built environment 
data using inperson street audits.40,41,54,60 
Eight studies included Walk Score, while 
10 studies used their own walkability 
indices.

Neighbourhoods or geographical areas or 
locations used to estimate built environ
ment characteristics were typically delin
eated using census tract (n = 3), postal 
code (n = 5) or 400–1600 m buffers, ped
sheds or polygons (n = 17) in which the 
participant’s residential address was located. 
Linebased network buffers (n = 10) and 
circular network buffers (n  =  6) were 
commonly used, while two studies used 
polygonal buffers43,60 and one study cre
ated 805 × 805 m grids to delineate a 
neighbourhood.40 Buffers were most often 
created around the centroid of the partici
pant’s geocoded postal code or census 
tract (n  =  11) or the participant’s geo
coded complete household address (n = 3).

Adjustment for confounders

Among the 25 included studies, only 
3 crosssectional studies statistically adjusted 
for residential selfselection (i.e. a per
son’s walking preferences, attitudes or 
behaviour that informs their decision to 
reside in a neighbourhood).17,42,55 These 
studies captured residential selfselection 
via questionnaires where participants self
reported the importance of walkingrelated 
built characteristics in their decision to 
move to their current neighbourhoods. 
Length of exposure to the environment 
(i.e. tenure in neighbourhood) was adjusted 
for in six studies.17,45,50,5456 Demographic 
(e.g. age, gender, marital status, car own
ership and number of dependents) and 
socioeconomic (e.g. income and educa
tion level) characteristics were adjusted 
for in all but three studies.48,51,52 In addi
tion, studies also adjusted for selfreported 
health and weight status (n = 13), smok
ing status and/or other physical activity 
behaviours (n = 6), weather or seasonal
ity (n = 6) and other environmental char
acteristics (e.g. urbanicity) (n = 5).

Associations between the built  
environment and walking

Functional characteristics
Overview
Twenty studies17,4048,5260,62 reported 144 com
parisons between functional characteristics 

Study Design Province
Sample 

size
Age range 

(years)
Female 

(%)
Built environment 

characteristicsa Type of walkinga

Schopflocher et al. (2014)40 Cross-sectional AB 2 042 NR NR

Connectivity, land  
use, proximity to 

destination, aesthetics, 
personal safety, traffic 

safety (2008)

Walk for transportation,  
walk for recreation, walk for 

any purpose (2010)

Thielman et al. (2015)44 Cross-sectional All 151 318 12–65+ 48.4
Walk Score (2012, 

2014)
Walk for transportation 

(2007–2012)

Toohey et al. (2013)56 Cross-sectional AB 884 50+ 60.1
Walkability,  

population density, 
aesthetics (2006)

Walk for any purpose 
(2007)

Wasfi et al. (2013)46 Cross-sectional QC 6 913 18+ 57
Connectivity, land  
use, population 
density (2006)

Walk for transportation 
(2003)

Wasfi et al. (2016)45 Cohort
All 

(excluding 
territories)

2 976 18–55 52 Walk Score (2012)
Walk for transportation  

(1994, 1996, 1998, 2000, 
2002, 2004, 2006)

Winters et al. (2015)47 Cross-sectional BC 1 309 65+ 55 Walk Score (2013)
Walk for any purpose 

(2008–2009)

Abbreviations: AB, Alberta; All, all provinces and territories; BC, British Columbia; NR, not reported; ON, Ontario; QC, Quebec. 
a Data collection date(s) are reported in brackets. If missing, date(s) were not reported or were unclear. 
b Study included pedestrian counts.

TABLE 1 (continued) 
Summary of demographic and study characteristics for the 25 included studies
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TABLE 2 
Summary of associations of functional characteristics and walkinga,b,c

Walking for transportation Walking for recreation Walking for any purpose Total

− Null + − Null + − Null + − Null +

 Participation

Overall walkability 0 5 25 0 12 0 0 0 0 0 17 25

Connectivity 0 0 0 0 0 0 0 0 3 0 0 3

Population density 0 0 0 0 0 0 0 0 1 0 0 1

Subtotal 0 5 25 0 12 0 0 0 4 0 17 29

Duration

Overall walkability 0 8 10 0 4 0 0 0 0 0 12 10

Subtotal 0 8 10 0 4 0 0 0 0 0 12 10

Achieve sufficient physical activity

Overall walkability 0 1 1 0 2 0 0 3 5 0 6 6

Connectivity 0 0 0 0 2 0 0 2 0 0 4 0

Population density 0 0 0 0 0 0 0 4 0 0 4 0

Subtotal 0 1 1 0 4 0 0 9 5 0 14 6

Frequency

Overall walkability 0 4 3 1 7 0 0 6 0 1 17 3

Population density 0 2 0 0 0 0 0 0 0 0 2 0

Subtotal 0 6 3 1 7 0 0 6 0 1 19 3

Volume

Overall walkability 0 0 4 0 0 0 3 10 2 3 10 6

Connectivity 0 5 0 0 4 0 0 4 0 0 13 0

Population density 0 1 0 0 0 0 0 0 0 0 1 0

Subtotal 0 6 4 0 4 0 3 14 2 3 24 6

Grand total 0 26 43 1 31 0 3 29 11 4 86 54

a Representative of 144 comparisons reported in 20 studies.
b Cell values are the counts of comparisons that report a statistically significant positive, null or statistically significant negative association.
c Statistically significant negative (-), null or statistically significant positive association (+).

and walking (Table 2). The most common 
functional characteristics examined included 
walkability (n = 15 studies; n = 116 com
parisons), connectivity (n  =  4 studies; 
n = 20 comparisons) and population den
sity (n = 4 studies; n = 8 comparisons). 
Of the 144 estimated associations between 
functional characteristics and walking, 86 
(59.7%) associations were null, 54 (37.5%) 
were positive and 4 (2.8%) were negative.

Walking for transportation
Walking for transportation was the most 
common walking outcome examined 
(n = 14 studies). Of the 69 associations 
estimated between functional characteris
tics and walking for transportation, 43 
(62%) were positive, 26 (38%) were null 
and 0 were negative (Table 2). In terms of 

functional characteristics, walking for 
transportation was associated with overall 
walkability. Specifically, positive associa
tions were found between functional char
acteristics and transportation walking 
participation (n = 25 comparisons), dura
tion (n = 10 comparisons), volume (n = 4 
comparisons), frequency (n = 3 compari
sons) and achievement of sufficient physi
cal activity (n = 1 comparison).

Walking for recreation
Seven studies estimated associations 
between functional characteristics and 
walking for recreation. Of the 32 associa
tions estimated, 31 (97%) were null and 1 
(3%) was negative (Table 2). These stud
ies estimated associations between func
tional characteristics and recreation walking 

participation (n  =  12 comparisons), fre
quency (n  =  8 comparisons), duration 
(n  =  4 comparisons), volume (n  =  4 
comparisons) and achievement of suffi
cient physical activity via walking (n = 4 
comparisons). All studies that examined 
associations between functional charac
teristics and walking for recreation cap
tured walking data using the IPAQ (n = 5 
studies) or NPAQ (n = 2 studies).

Walking for any purpose
Eight studies estimated associations between 
functional characteristics and walking for 
any purpose (nonpurpose specific). Of 
the 43 associations estimated, 29 (67%) 
were null, 11 (26%) were positive and 3 
(7%) were negative (Table 2). Walkability 
was positively associated with achievement 
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of sufficient physical activity via walking 
(n = 5 comparisons) and walking volume 
(n = 2 comparisons), while pedestrian or 
street connectivity (n  =  3 comparisons) 
and population density (n = 1 compari
son) were positively associated with walk
ing participation. Among the three 
associations reported between walkability 
and walking volume, all were in a nega
tive direction. 

Destination-related characteristics  
of the built environment
Overview
Eleven studies40,46,4952,54,58,6163 reported 98 
comparisons between destinationrelated 
features and walking (Table 3). The most 
common destinationrelated feature exam
ined was land use (n = 38 comparisons). 
Thirtyone comparisons were reported 
between proximity to destinations and 
walking. Of the 98 estimated associations, 
69 (70%) associations were null, 23 (24%) 
were positive and 6 (6%) were negative. 
All negative associations were found in 
studies that captured walking using self
reported questionnaires (n  =  4 studies). 

Of the studies that explored an association 
between proximity to destinations and 
walking (n  =  6), almost all studies 
focused on adults 44 years or older 
(n = 5).

Walking for transportation
Walking for transportation was the most 
common walking outcome examined 
(n = 6 studies). Of the 42 estimated asso
ciations, 12 (29%) were positive, 26 (62%) 
were null and 4 (10%) were negative 
(Table 3). In terms of destinationrelated 
characteristics, walking for transportation 
was associated with both land use and 
proximity to destinations. Specifically, 
positive associations were found between 
functional characteristics and transporta
tion walking participation (n  =  10 com
parisons) and frequency (n = 2 comparison).

Walking for recreation
Five studies estimated associations between 
destinationrelated characteristics and walk
ing for recreation. Of the 26 estimated 
associations, 3 (12%) were positive, 21 
(81%) were null and 2 (8%) were negative 

(Table 3). Specifically, estimated associa
tions were found between destination
related characteristics and recreational 
walking participation (n  =  19 compari
sons), volume (n = 4 comparisons), achieve
ment of sufficient physical activity via 
walking (n  =  2 comparisons) and fre
quency (n  =  1 comparison). Positive 
associations were found between land use 
and recreational walking (n = 3 compar
isons).

Walking for any purpose
Six studies estimated associations between 
destinationrelated characteristics and walk
ing for any purpose. Of the 30 estimated 
associations, 8 (27%) were positive and 
22 (73%) were null (Table 3). Proximity to 
destinations was positively associated 
with participation (n = 3 comparisons), 
achievement of sufficient physical activity 
via walking (n = 1 comparison), walking 
frequency (n = 1 comparison) and walk
ing volume (n  =  1 comparison), while 
land use was associated with walking par
ticipation (n = 2 comparisons).

TABLE 3 
Summary of associations of destination-related characteristics and walkinga,b,c,d

Walking for transportation Walking for recreation Walking for any purpose Total

− Null + − Null + − Null + − Null +

Participation

Land use 3 16 9 1 14 3 0 0 2 4 30 14

Proximity to destination 0 0 1 1 0 0 0 0 3 1 0 4

Subtotal 3 16 10 2 14 3 0 0 5 5 30 18

Achieve sufficient physical activity

Land use 0 0 0 0 0 0 0 4 0 0 4 0

Proximity to destination 0 0 0 0 2 0 0 5 1 0 7 1

Subtotal 0 0 0 0 2 0 0 9 1 0 11 1

Frequency

Land use 0 1 0 0 0 0 0 0 0 0 1 0

Proximity to destination 1 4 2 0 1 0 0 2 1 1 7 3

Subtotal 1 5 2 0 1 0 0 2 1 1 8 3

Volume

Land use 0 3 0 0 2 0 0 5 1 0 10 1

Proximity to destination 0 2 0 0 2 0 0 6 0 0 10 0

Subtotal 0 5 0 0 4 0 0 11 1 0 20 1

Grand total 4 26 12 2 21 3 0 22 8 6 69 23

a Representative of 98 comparisons reported in 11 studies.
b Cell values are the counts of comparisons that report a statistically significant positive, null or statistically significant negative association.
c Statistically significant negative (-), null or statistically significant positive associations (+).
d Associations between destination-related characteristics of the built environment and duration of walking was not explored.
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Safety characteristics  
of the built environment
Overview
Two studies40,54 reported 16 comparisons 
between safety characteristics and walk
ing (Table 4). The safety characteristics 
examined were personal safety (n  =  10 
comparisons) and traffic safety (n = 6 com
parisons). Of the 16 estimated associa
tions, 2 were positive and 14 were null.

Walking for transportation
Walking for transportation was the least 
common walking outcome examined 
(n = 4 comparisons) (Table 4). Of the 4 
estimated associations, 1 was positive and 
3 were null. Positive association was found 
between personal safety and volume of 
transportation walking.

Walking for recreation
Two studies40,54 estimated associations be
tween safety characteristics and walking 
for recreation. All 6 of the estimated 
associations were null (Table 4). Studies 
estimated associations between safety 
characteristics and recreational walking 
volume (n = 4 comparisons) and achieve
ment of sufficient physical activity via rec
reational walking (n = 2 comparisons).

Walking for any purpose
Two studies40,54 estimated associations be
tween safety characteristics and walking 
for any purpose. Of the 6 estimated asso
ciations, 5 were null and 1 was positive 
(Table 4). Personal safety was positively 
associated with volume of walking for any 
purpose. Studies estimated associations 
between safety characteristics and volume 
of walking for any purpose (n = 4 com
parisons) and achievement of sufficient 
physical activity via walking (n = 2 com
parisons).

Aesthetic characteristics  
of the built environment
Overview
Two studies40,56 reported 10 comparisons 
between aesthetic characteristics and 
walking (Table 5). Of the 10 estimated 
associations, 1 (10%) was positive and 9 
(90%) were null.

Walking for transportation
One study40 examined the association be
tween aesthetic characteristics and walking 
for transport. Both associations estimated 
were null (Table 5).

Walking for recreation
One study40 examined the association be
tween aesthetic characteristics and walking 
for recreation. Of the 2 estimated asso
ciations, 1 was positive and 1 was null 
(Table 5).

Walking for any purpose
Two studies40,56 estimated associations be
tween aesthetic characteristics and walk
ing for any purpose. All 6 estimated 
associations were null (Table 5). The as
sociation between aesthetic characteristics 
and walking for any purpose was esti
mated between achievement of sufficient 
physical activity via walking (n = 4 com
parisons) and volume (n = 2 comparisons).

Discussion

This is the first review conducted into the 
relationship between objective measures 
of the built environment and physical 
activity (walking) in the Canadian con
text. The pattern in publication dates 
among the reviewed studies suggests that 
this relationship is an emerging research 
area in Canada. While findings to date are 
promising, gaps in evidence still exist—
specifically with respect to rural areas and 
the territories (Northwest Territories, 
Nunavut and Yukon). Moreover, all but 
two studies had a crosssectional study 
design, suggesting that the evidence 
pointing to an association between the 

TABLE 4 
Summary of associations of safety-related characteristics and walkinga,b,c,d

Walking for 
transportation

Walking for 
recreation

Walking for  
any purpose

Total

− Null + − Null + − Null + − Null +

Achieve sufficient physical activity

Personal safety 0 0 0 0 2 0 0 2 0 0 4 0

Subtotal 0 0 0 0 2 0 0 2 0 0 4 0

Volume

Personal safety 0 1 1 0 2 0 0 1 1 0 4 2

Traffic safety 0 2 0 0 2 0 0 2 0 0 6 0

Subtotal 0 3 1 0 4 0 0 3 1 0 10 2

Grand total 0 3 1 0 6 0 0 5 1 0 14 2

a Representative of 16 comparisons reported within 2 studies.
b Cell values are the counts of comparisons that report a statistically significant positive, null or statistically significant negative 
association.
c Statistically significant negative (−), null or statistically significant positive association (+).
d Associations between safety and participation, duration and frequency of walking were not explored.

TABLE 5 
Summary of associations of aesthetic characteristics and walkinga,b,c,d

Walking for 
transportation

Walking for 
recreation

Walking for  
any purpose

Total

− Null + − Null + − Null + − Null +

Achieve sufficient physical activity

Aesthetics 0 0 0 0 0 0 0 4 0 0 4 0

Subtotal 0 0 0 0 0 0 0 4 0 0 4 0

Volume

Aesthetics 0 2 0 0 1 1 0 2 0 0 5 1

Subtotal 0 2 0 0 1 1 0 2 0 0 5 1

Grand total 0 2 0 0 1 1 0 6 0 0 9 1

a Representative of 10 comparisons reported in 2 studies.
b Cell values are the counts of comparisons that report a statistically significant positive, null or statistically significant negative 
association.
c Statistically significant negative (-), null or statistically significant positive association (+).
d Associations between aesthetics and participation, duration and frequency of walking were not explored.
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built environment and physical activity is 
still preliminary and exploratory; thus, it 
is not possible to infer causation based on 
our review findings. Canadian studies to 
date have rarely adjusted for residential 
selfselection, which may lead to an over
estimation of the association between the 
built environment and walking. As 
expected based on previous reviews,14,21 
most studies used selfreported measures 
of physical activity, measured the built 
environment using GIS instead of street 
audits or relied on publicly available walk
ability data (i.e. Walk Score). Nevertheless, 
as with other reviews,14,16,1921 our findings 
do suggest that the neighbourhood built 
environment is associated with walking, 
particularly walking for transportation 
among adults, and that some built charac
teristics may be more important for sup
porting certain types of walking.

Consistent with findings from other 
reviews,14,16,20,21 there was a distinct asso
ciation between overall neighbourhood 
walkability (e.g. Walk Score) and trans
portation walking. Specifically, we found 
that a higher level of neighbourhood 
walkability was positively associated with 
participation, duration, frequency and vol
ume of transportation walking. These 
findings are important given that active 
transportation, which includes walking, is 
inversely associated with overweight/obe
sity,64 as well as positively associated with 
decreased prevalence of adults with type 2 
diabetes65 and reduced cardiovascular 
risk.66 The importance of land use and 
destinations for encouraging and support
ing walking in adult population has been 
noted elsewhere.14,16 Our review findings 
suggest that land use (e.g. having a mix of 
destinations) is important for encouraging 
participation across all walking domains. 
Proximity to destinations was associated 
with frequency of walking for transporta
tion, as well as participation and fre
quency of walking for any purpose. 
Improving the walkability of neighbour
hoods overall and increasing land use mix 
and proximity to destinations can poten
tially increase the physical activity levels 
of Canadian adults—in turn improving 
population health.

Unlike other reviews,14,16,20 our findings 
suggest that the association between con
nectivity and population density with 
walking were nonsignificant, though very 
few comparisons were made between 
these built characteristics and walking. Of 
the few included studies that explored the 

association between connectivity40,46,52,54 
or population density46,52,56,58 with walk
ing, only one study found positive associ
ations between population density and 
connectivity with walking for any pur
pose, measured by automatized pedes
trian counters.52 Future studies into these 
associations in the Canadian context could 
help determine if improving connectivity 
and increasing population density would 
enhance the ability of neighbourhoods to 
support physical activity. These studies 
could also provide a better understanding 
of how this association may differ in 
Canada compared to other countries.

Fewer studies included in our review cap
tured walking for recreation, relative to 
walking for transport or walking for any 
purpose. The extent to which nonsignifi
cant or negative associations between the 
built environment and walking for recre
ation were not published (i.e., publication 
bias) could not be determined from our 
review. Study findings estimating the 
association between the built environ
ment and walking for recreation were 
mixed. Our study findings did, however, 
find less consistency in associations 
between the built environment and walk
ing for recreation compared to associa
tions between the built environment and 
walking for transportation.14,16,20,21 It is 
possible that measures of the built envi
ronment included in the reviewed studies 
are tailored more towards walking for 
transportation. Manaugh et al.59 found 
small but notable differences in the mag
nitude of estimated associations between 
nonwork trips by foot and walkability 
that were related to trip purpose, the pop
ulation subgroup examined and the defi
nition of walkability used. Some evidence 
from our review suggested that built char
acteristics, including land use and aesthet
ics, were positively associated with 
participation and volume of walking for 
recreation. More research identifying which 
built characteristics are supportive of rec
reation versus transportation walking—
and for whom—is needed.

Evidence from the Canadian studies did 
not find a significant association between 
safety and aesthetic characteristics of the 
built environment and walking, Moreover, 
safety and aesthetics were the least stud
ied built characteristics within our review, 
which might be a consequence of our 
focus on objective measures of the built 
environment. Traffic and personal safety 
can be objectively measured (e.g. via 

crime and accident statistics and presence 
of incivilities). However, perceived safety 
likely informs people’s decisions to walk, 
and these perceptions can be independent 
of, or unrepresentative, of the actual 
safety of a neighbourhood.67 Further, stud
ies that estimate safety from existing sta
tistics may miss the microscale built 
characteristics (e.g. graffiti, drug para
phernalia, litter) associated with sense of 
safety that might be better captured via 
street audits—few of which existed in the 
studies we reviewed.40,41,54,60

With evidence suggesting that physical 
activity behaviours differ between coun
tries, it was important to explore how the 
built environment is associated with walk
ing in the Canadian context. Findings 
from this review are supported by other 
systematic reviews of evidence from the 
United States, Australia and Europe.14,21 
Crosssectional study designs are fre
quently used and measures of walking are 
mostly selfreported.14,16,20,21 A review by 
McCormack et al.14 reported that there 
was wide variation in how the built envi
ronment is operationalized, but GIS 
tended to be the most commonly used 
technique among studies incorporating 
objective measures of the built environ
ment, which was similar to our findings. 
Consistency in the measurement of the 
built environment and walking across 
studies would provide a better under
standing of this association, and may 
make it possible to pool and synthesize 
findings using metaanalysis.

There are several limitations to this review 
that must be considered. Due to limited 
resources, a comprehensive systematic 
review (e.g. doublescreening at all stages 
of the search process and validity assess
ment) was not feasible; nevertheless, 
steps were taken to ensure scientific 
rigour. Due to the broad range of built 
environment characteristics that were 
measured and defined across studies, we 
used an established theoretical frame
work34 to classify characteristics into four 
categories (functional, safety, aesthetic, 
destination). It is possible that some built 
characteristics were associated with mul
tiple categories from this theoretical frame
work. Due to the small number of Canadian 
studies included in the review, we were 
not able to stratify our findings based on 
smaller geographical scales (i.e. within 
and across provinces or cities). This more 
granular focus may be possible in the 
future as Canadian studies investigating 
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the relationship between the built envi
ronment and physical activity continue to 
accumulate. Moreover, our review only 
included studies that statistically tested an 
association between the built environ
ment and walking. Despite providing 
important contributions to the field, sev
eral Canadian studies were excluded: 
either the nature and/or significance of 
the associations between the built envi
ronment and walking was not clearly 
described or they had a specific method
ological focus.6871 The predominance of 
crosssectional studies included in our 
review meant that we were not able to 
draw causal inferences. As suggested in 
previous reviews,14,16,21,22 evidence from 
more rigorous study designs (i.e. natural 
and quasiexperiments) are needed. While 
our focus was the associations between 
the built environment and walking, the 
built environment could be an important 
correlate for other physical activities (e.g. 
cycling, leisure activity or moderate to 
vigorous activity).14,20,21

Conclusion

Within the Canadian context, current evi
dence suggests that the neighbourhood 
built environment is associated with 
walking and, in particular, walking for 
transportation. Improving neighbourhood 
walkability, land use and proximity to des
tinations may enable or support higher 
levels of transportation walking, and in 
turn contribute to better health outcomes 
among Canadian adults. Future research 
is needed on the relationship between the 
built environment and walking in non
urban locations as well as in the territo
ries. Moreover, study designs that estimate 
the causal relationship between the built 
environment and walking and other phys
ical activities are needed to better inform 
urban and transportation policy and plan
ning decisions in Canada.
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Highlights

• Alcohol use exceeding lowrisk 
drinking guidelines remains a pub
lic health problem. Smallarealevel 
associations with alcohol expendi
tures have not been examined, leav
ing potentially significant factors 
affecting alcohol use unidentified.

• Understanding the geographical 
variation of alcohol expenditures 
in the city of Toronto can help pro
vide target areas for interventions. 
Spatial regression models can con
trol for geographical variation when 
looking for associations with small
arealevel characteristics. 

• This study quantified the level of 
geographical variation in the licensed 
premises alcohol expenditures and 
helped visualize the areas of high 
expenditures using maps.

• Significant positive associations 
were found for smallarealevel 
socioeconomic and built environ
ment factors.

to be responsible for 8953 deaths and 
172 255 potential years of life lost in 2005.1 
In 2011, the indirect and direct costs of 
alcohol use were estimated to be $5.3 bil
lion for the province of Ontario.24 These 
economic and social costs of alcohol use 
are projected to rise with increasing levels 
of consumption.2

Abstract

Introduction: Many Canadians continue to drink alcohol in excess of the recommended 
lowrisk guidelines. In this study, we visualized the geographic variation of licensed 
premises alcohol expenditures in Toronto and examined the effects of arealevel socio
economic characteristics, alcohol availability and built environment influences on alco
hol expenditures at the Dissemination Area (DA) level.

Methods: Dissemination Area average total household expenditures on alcohol from 
licensed premises, from the 2010 Survey of Household Spending, was the main outcome 
variable. Moran’s I and Local Moran’s I were used to quantify geographic variation and 
determine hot spots and cold spots of expenditure. We used DAlevel socioeconomic 
characteristics from the 2006 Census of Canada, and the density of licensed premises 
and other built environment characteristics from the 2008 DMTI Spatial and 2010 
CanMap datasets to predict alcohol expenditures in multivariate spatial regression 
models.

Results: The results indicated that the most significant arealevel predictors of alcohol 
expenditure were the percentage of individuals in management or finance occupations 
and the percentage with postsecondary education (oneunit increases associated with 
78.6% and 35.0% increases in expenditures respectively). Presence of subway lines in 
the immediate and neighbouring areas was also significant (oneunit increases resulted 
in 5% and 28% increases respectively). Alcohol outlet density was also positively asso
ciated with alcohol expenditures. 

Conclusion: The associations identified between licensed premises alcohol expenditures 
and smallarealevel characteristics highlight the potential importance of smallarea
level factors in understanding alcohol use. Understanding the smallarealevel character
istics of expenditures and geographic variation of alcohol expenditures may provide 
avenues for alcohol use reduction initiatives and policies.

Keywords: small-area studies, dissemination areas, spatial analysis, spatial regressions, 
alcohol expenditure, alcohol use, low-risk drinking guidelines, geographic variation, GIS

negative consequences, many Canadians 
continue to drink in excess of the recom
mended lowrisk guidelines, and thus may 
be at risk for experiencing alcoholrelated 
harms. In Canada, alcohol use was estimated 

Introduction

Harmful alcohol use is recognized as one 
of the main modifiable behavioural risks 
for noncommunicable disease. Despite the 
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Various individuallevel factors have also 
been related to alcohol consumption, 
including ethnicity, occupation, income, 
housing and education.58 There is evi
dence that the physical and demographic 
aspects of neighbourhoods can also poten
tially influence alcohol use.9,10 These 
neighbourhoodlevel factors include area
level socioeconomic factors, characteris
tics of the built environment and local 
alcohol availability.1116 

A number of arealevel socioeconomic 
measures have been found to be associ
ated with alcohol use, although the direc
tions of the effects found are not always 
consistent. Cerdá and colleagues17 found 
that models including a measure of depri
vation provided better estimates of alco
hol use compared to models that omitted 
measures of deprivation. Studies by Galea 
et al.18 and Pollack et al.19 found that areas 
with the lowest levels of neighbourhood 
deprivation had the highest prevalence of 
alcohol use. Arealevel income and educa
tion inequality have also been found to be 
positively associated with alcohol use.18,20  

In general, the built environment can be 
defined as the aspects of a physical area 
that are not characteristics of the people 
who live there but rather capture the 
physical resources available in the par
ticular location.21 Elements of the built 
environment that might affect alcohol 
consumption include the presence of pub
lic transportation21,22 and alcohol availabil
ity, reflected by the presence of alcohol 
retailers, restaurants and bars.23 Prior work 
has also suggested that the physical condi
tion of buildings in a neighbourhood is a 
significant factor. Bernstein et al.9 identi
fied that rates of heavy drinking were 
150% higher among individuals in neigh
bourhoods characterized by high levels of 
dilapidation, an effect that was significant 
in multilevel models that also included 
individual income and education. 

A significant portion of research relating 
neighbourhood factors to alcohol use has 
used survey measures that capture alcohol 
consumption. Although we have self
reported alcohol consumption data col
lected from selfreport surveys, those data 
potentially suffer from the typical prob
lems of selfreported measures. Alcohol 
expenditure data, while conceptually close 
to consumption, have been examined less 
frequently and provide an alternative way 
of capturing alcohol use.5,24 Expenditure 

data can also be obtained from selfreport 
surveys, such as the data used in the pres
ent analysis. These data are therefore sub
ject to the same limitations, but similar 
research might be done using alcohol 
sales data that are reported by liquor 
authorities as well as retailers. 

The goal of our study was to examine the 
association between geographic and envi
ronmental influences on licensed prem
ises alcohol expenditures for the City of 
Toronto. We used expenditure data on 
alcohol purchased in licensed premises as 
the main outcome variable and examined 
the effects of arealevel socioeconomic 
factors, alcohol availability and built envi
ronment influences. We employed small
arealevel analysis and multivariate spatial 
regression models to examine the associa
tions between these arealevel factors and 
reported alcohol expenditures, and we 
used geographic information systems (GIS) 
techniques to visualize “hot” and “cold” 
spots of alcohol expenditure for the City 
of Toronto.   

Methods

Unit of analysis

The unit of analysis for the study was the 
Dissemination Area (DA), which is the 
smallest Statistics Canada geographic unit 
that covers all of Canada, with each DA 
containing 400 to 700 persons.25 Socio
economic and built environment variables 
are more homogenous within DAs than 
within larger geographic areas, and using 
a small spatial scale allows for identifica
tion of spatial patterns that might have 
been masked at larger geographic scales. 
Figure 1 shows the 3685 Dissemination 
Areas that make up the City of Toronto 
from the 2006 Census of Canada.26  

Data sources

We used data from four different sources. 
Licensed premises alcohol expenditures 
were taken from the 2010 Survey of 
Household Spending.27 The 2008 DMTI 
Spatial Enhanced Points of Interest data
set28 provided licensed premises outlet 
locations, and 2010 CanMap Route Logistics 
data29 provided built environment data 
(subway lines, highways and landuse). 
The 2006 Census of Canada data26 pro
vided DAlevel socioeconomic characteris
tics. These characteristics were collected 
by the census “2B long form,” which was 
distributed to 20% of the population in 

2006. In this study, we used the 2006 cen
sus because of changes to the 2011 census 
and to the National Household Survey 
(NHS), which replaced the long form in 
2011. In particular, because the NHS was 
made voluntary, Statistics Canada did not 
release the socioeconomic characteristics 
of some DAs due to nonresponse.30 In 
order to conduct the analysis at the 
Dissemination Area level, this study used 
the 2006 data. 

Measures

The main outcome variable was the DA 
average total household alcohol expendi
ture per year from licensed premises in 
2010. These data were collected using 
diary and shortperiod recall questions.27 
We applied a log transformation to correct 
for skewness. 

Consistent with previous alcohol use and 
expenditure studies,58,31 we examined a 
number of relevant socioeconomic vari
ables as predictors of licensed premises 
expenditure, including neighbourhood 
ethnic composition, visible minority con
centration, occupation, income, neighbour
hood deprivation, housing and education. 
These were taken from the 2006 census 
data. 

We measured area ethnic composition 
using the percentage of the DA population 
reporting Black, Chinese, South Asian and 
Filipino ethnicities. The concentration of 
nonvisible minorities was measured using 
the percentage of the DA population iden
tifying as “not a member of a visible 
minority.” We defined occupation as the 
percentage of employed DA population 
reporting working in management, busi
ness, finance and administration. This 
variable was created by combining several 
groups of occupations according to the 
2001 National Occupational Classification 
for Statistics (NOCS) definition.32 

We used two measures of area income: 
median household aftertax income and 
the average income from government 
transfer payments. Education was defined 
as the proportion of the DA population 
that reported having completed one of the 
following qualifications: registered appren
ticeship, trades certificate or diploma, col
lege, CEGEP, other nonuniversity certificate 
or diploma and university certificate, 
degree or diploma. 
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Three measures captured the nature of 
housing in each DA. These were the pro
portion of dwelling types that were apart
ment buildings with fewer than five floors, 
the proportion of single detached houses 
and the proportion of row (attached) 
houses. We included the presence of sub
way lines in a neighbourhood as the num
ber of subway intercepts (access points) 
within the DA. Spatially “lagged” subway 
intercepts indicated the presence of sub
way lines in an adjacent DA.  

Alcohol outlet data were retrieved from 
the 2008 DMTI Enhanced Points of 
Interest dataset.28 

We measured local alcohol availability by 
the densities of two types of restaurant in 
each DA. “Primary drinking restaurants” 
were those whose main business was 
serving alcohol, while “restaurants” were 
those with a dual focus on serving both 

food and alcohol. The densities of these 
two types of business were calculated by 
dividing the number of restaurants by the 
area of the DA in square kilometres. 
Spatially “lagged” versions of these vari
ables captured the effect of outlet density 
in neighbouring DAs.33 

Analyses: global spatial autocorrelation, 
local cluster analysis procedure and 
multivariate spatial regression

We first calculated Global Moran’s I statis
tic to quantify the average level of spatial 
autocorrelation and to test the null 
hypothesis that the alcohol expenditure 
levels in DAs were fully independent of 
expenditure in adjacent DAs.34 We then 
calculated Local Moran’s I measures to 
identify clusters of hot spots and cold 
spots, where hot spots were clusters of 
adjacent DAs with similarly high levels of 
licensed premises expenditures and cold 

spots were clusters with low levels of 
licensed premises expenditures. Clustering 
techniques were carried out using GeoDa 
v1.6.7.35 High resolution maps were cre
ated in ArcGIS 10.3 (Environmental Systems 
Research Institute, Inc., Redlands, CA, 
USA). 

Consistent with the approach used by 
Pridemore and Grubesic,36 Grubesic et 
al.24 and Zhu, Gorman and Horel,37 we 
used multivariate spatial regressions to 
estimate the effects of the arealevel fac
tors on arealevel alcohol expenditure. In 
the presence of positive spatial auto
correlation, ordinary least squares (OLS) 
regression can result in biased and ineffi
cient parameter estimates.37 Spatial regres
sion models have been developed to 
address this problematic effect and 
have been widely employed in spatial 
econometrics.38 

FIGURE 1 
Dissemination Area map of Toronto, Canada, with major highways

Data source: Statistics Canada. 2006 Census of Population [Internet]. Ottawa (ON): Statistics Canada; 2006. Available from: http://www12.statcan.gc.ca/census-recensement/2006/index-eng.cfm
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Spatial regression models include at least 
one additional variable, known as a spa-
tial autoregressive term, to control for geo
graphical variation. We estimated four 
main spatial regression models: a spatial 
lag regression model (also known as spa-
tial autoregressive model or SAR), a spatial 
error regression model (SEM), a spatial 
Durbin model (SDM) and a spatial Durbin 
error model (SDEM).14,34,3842 In the spatial 
lag model, values of the dependent vari
able (y) for a unit (i) are assumed to be 
directly influenced by the values of y in 
neighbouring units.14,43 In order to account 
for this effect, a spatially lagged depen
dent variable (pWy) is included as an 
explanatory variable (Figure 2). Alterna
tively, the SEM incorporates geographical 
variation by adding a spatial autoregres
sive error term as a dependent variable 
(Figure 2). The SDM and SDEM are exten
sions of the spatial lag and spatial error 
models respectively, as these models are 
the same as their counterparts, except for 
an additional spatial autoregressive term 
for independent variables (Figure 2).

Our procedure began with descriptive sta
tistics and correlation analysis to describe 
the distribution of the dataset and to iden
tify issues of multicollinearity. Preliminary 
bivariate OLS regressions suggested posi
tive spatial autocorrelation, therefore we 
calculated bivariate regressions using an 
SEM. We then included statistically signif
icant explanatory variables in a multivariate 

SEM. The number of insignificant explan
atory variables was reduced with back
wards stepwise regression (α = 0.10). We 
tested four different spatial regression 
models, with the bestfitting model deter
mined by the highest loglikelihood value. 
All regression models were estimated 
using the software package R version 
3.2.3.44

Results

Descriptive statistics

In 2010, the average annual household 
alcohol expenditure in licensed premises 
was $337.51 (range: $47.54 to $2963.02). 
Table 1 provides descriptive statistics for 
licensed premises expenditure and the 
arealevel explanatory variables. 

Spatial autocorrelation

For licensed premises alcohol expenditure, 
the Global Moran’s I value was 0.634 and 
highly significant (p = .001) (Figure 3), 
indicating a high degree of positive spatial 
autocorrelation. A total of three hot spots 
and three cold spots were identified for 
alcohol expenditures, using Local Moran’s I 
(Figure 4).

Spatial regression results

For the licensed premises expenditure, the 
SDEM model had the largest loglikelihood, 

indicating the best fit. The model coeffi
cients and significance of coefficients are 
provided in Table 2. 

Socioeconomic and demographic variables 
The percentage of people reporting 
Filipino ethnicity was the only significant 
ethnicity variable in the final model. A 
oneunit increase in the percentage of 
Filipino ethnicity was associated with a 
decrease in alcohol expenditures of 0.28%. 
The percentage that was nonvisible minor
ity was positive and significant, with a 
oneunit increase associated with an 
increase in alcohol expenditures of 0.44%.

The percentage of employed residents 
working in management and administra
tion was significantly associated with 
alcohol expenditures, with a oneunit 
increase leading to a predicted increase in 
expenditures of 78.57%. Median aftertax 
income was also found to have a positive 
association, as a onedollar increase was 
found to increase predicted expenditures 
by 0.0006%. Conversely, the percentage 
of income from transfer payments was 
negatively associated with alcohol expen
ditures, as a one percentage point increase 
was associated with a decrease in expen
ditures by 1.74%. Postsecondary educa
tion had a significantly positive effect on 
expenditures, with a oneunit increase in 
the proportion of a DA with postsecondary 
qualifications associated with an increase in 
predicted expenditures of 35.00%.

FIGURE 2 
Spatial regression models for calculating average total alcohol 

expenditures levels for licensed premises in Toronto, Canada, Dissemination Areas, 2010

Spatial lag model
Y = ρWY + Xβ + ϵ

Spatial error model
Y = Xβ +  λWξ  + ϵ

Spatial Durbin model
Y = ρW1Y + αιN + Xβ1 + W1Xβ2 + ϵ

Spatial Durbin error model
Y =αιN + Xβ1 + WXβ2 +  λWμ + ϵ

Examine log-likelihood 
(highest value = best model)

Legend
Outcome variable
Explanatory variables
Error term
Spatial autoregressive term for expenditure dependent variable
Spatial autoregressive term for explanatory variables
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The percentage of apartments with fewer 
than five floors, the percentage of single
detached houses and the percentage of 
row houses were all positively associated 
with alcohol expenditure. The associated 
expenditure increases from a oneunit 
increase were 0.13%, 0.23% and 0.48% 
respectively. 

Built environment variables 
Both the presence of subways and geo
graphically lagged subway presence (the 
presence of subways in neighbouring 
areas) were positively associated with 
alcohol expenditures. A oneunit increase 
in subway intercepts was found to 
increase expenditures by 5.01%. Having 
subways in adjacent areas (lagged sub
ways) resulted in an increase to expendi
tures by 28.28%. The density of primary 
drinking restaurants and lagged primary 

drinking restaurants were also both posi
tively associated with alcohol expendi
tures, as oneunit increases resulted in 
0.06% and 0.73% increases in expendi
ture respectively. Finally, both restaurant 
density and lagged restaurant density 
were positively associated with alcohol 
expenditure. A oneunit increase in restau
rant density led to an increase in expendi
tures by 0.03%. As for lagged restaurant 
density, a oneunit increase was associ
ated with an increase in expenditures by 
0.10%.

Discussion

Our study found that significant associa
tions existed between arealevel socioeco
nomic variables and licensed alcohol 
expenditures. Most notably, the proportions 
of residents in management occupations 

and with postsecondary degrees were 
highly positively associated with alcohol 
expenditures. For public health promo
tion, this suggests that campaigns such as 
The Centre for Addiction and Mental 
Health’s (CAMH) “Rethink Your Drinking” 
might be tailored to target these sociode
mographic groups or the establishments 
that they frequent. It is possible that many 
drinking establishments in Toronto target 
clientele from management and adminis
trative occupations, as they may have 
more disposable income. 

This study also found a positive associa
tion between the presence of subways and 
arealevel alcohol expenditure. Previous 
studies have acknowledged the possibility 
that increased access by public transporta
tion to areas with high alcohol outlet 
densities could lead to greater alcohol 
consumption.19 The findings in this study 
lend their support to this notion, as hav
ing a subway line in the same DA led to 
an average increase of 5.00% in alcohol 
expenditures. Furthermore, having sub
way lines in neighbouring areas was also 
related to higher alcohol expenditures. For 
policy makers, this could serve as an addi
tional consideration in recommending 
alcohol outlet densities. 

The density of primary drinking restau
rants and other restaurants increased 
expenditures slightly. The direction of 
association for this finding agrees with 
previous work by Gruenewald, Ponicki 
and Holder16 who found that, independent 
of alcoholic beverage pricing and while 
controlling for sales and availability, phys
ical availability in the form of alcohol out
lets increased the sales of alcoholic 
beverages. 

Several systematic reviews of international 
alcohol outlet density literature have 
found considerable evidence of a signifi
cant positive association between alcohol 
outlet density and consumption. Livingston 
et al.45 examined literature from North 
America, the UK and Nordic countries, 
including crosssectional studies, natural 
experiments and timeseries experiments. 
The majority of these studies found sig
nificant positive associations between 
alcohol outlet density and alcohol con
sumption. In another review, Campbell et 
al.46 also reported that studies generally 
found outlet density to be associated with 
increased alcohol consumption, and 
showed that alcohol bans and changes to 

TABLE 1 
Table of descriptive statistics for all outcome and explanatory 

variables, Dissemination Areas in Toronto, Canada, 2010

Variable N Minimum Maximum Mean
Standard 
Deviation

Expenditures in LP 3512 47.54 2963.02 337.51 291.01

Log transformed LP 3512 3.86 7.99 5.56 0.70

% nonvisible minority 3512 0.00 100.00 59.72 26.62

% ethnicity Filipino 3512 0.00 60.86 3.11 5.38

% employed in management 3512 0.07 0.93 0.53 0.15

Median household income—after tax 3512 11776.00 335039.00 56303.79 25201.81

% income from transfer payments 3512 0.00 56.30 11.17 7.37

% apartments < 5 floors 3512 0.00 100.00 19.04 23.95

% apartments—duplex 3512 0.00 61.39 6.60 7.92

% row houses 3512 0.00 100.00 5.62 14.00

% single detached 3512 0.00 100.00 39.87 34.50

% postsecondary education 3512 0.00 0.94 0.48 0.16

Subway intercept 3512 0.00 1.00 0.06 0.23

Lagged subway intercept 3512 0.00 1.00 0.07 0.16

Primary drinking restaurant  
density by DA

3512 0.00 116.78 1.10 6.46

Lagged primary drinking  
restaurant density by DA

3512 0.00 38.79 1.13 3.43

Eating restaurant density by DA 3512 0.00 826.78 21.54 59.30

Lagged eating restaurant  
density by DA

3512 0.00 493.35 21.53 41.11

Abbreviations: DA, Dissemination Area; LP, licensed premises.

Notes: A lagged variable considers the effect of a variable of interest (i.e., alcohol expenditures) in neighbouring areas to a spe-
cific DA. For example, for a DA called DA1, if DA2 and DA3 are considered neighbours, their average total alcohol expenditure 
values can be averaged and included as a spatially-lagged independent variable. What constitutes a neighbour is dependent on 
the contiguity definition (i.e., rook criterion: sharing a common edge or queen criterion: sharing a common edge or a common 
vertex), and the resulting neighbourhood structure is stored as a spatial weight matrix.

Lagged restaurant density: The effect of restaurant densities in areas immediately adjacent to a DA.

Lagged subway intercept: The effect of the presence of subways in areas immediately adjacent to a DA.
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licensing arrangements for alcohol can be 
effective strategies. Popova et al.47 con
ducted a systematic review with a focus 
on both the density of outlets and the 
hours of sale and their relation to con
sumption and property damage. Similarly, 
a majority of the studies reported a posi
tive association between alcohol outlet 
density and higher overall alcohol 
consumption. 

Several studies have examined the effect 
of alcohol outlet density and retail 
arrangements on alcohol consumption in 
Canada. Xie et al., examining Canadian 
data from 1968 to 1986, found a signifi
cant association between reductions in 
the density of offpremises sales outlets 
and reduction in alcohol consumption.46 
Trolldal conducted a timeseries analysis 
of the relationship between alcohol sales 
and availability in four Canadian prov
inces; however, he did not find a signifi
cant positive association.45 Trolldal also 

examined the impact of allowing wine 
sales in grocery stores in Quebec and alco
hol retail privatization in Alberta. He 
found the change in Quebec led to a 10% 
increase in sales of wine and a smaller 
increase in total alcohol sales.46 In Alberta, 
privatization was found to have resulted 
in a permanent increase in the sale of spir
its only. 

It may be that some of the variability in 
the results of the outlet density–consump
tion relationship is due to that relation
ship being a nonlinear one. Livingston et 
al.48 distinguish between two different 
effects of increasing alcohol outlet density 
on alcoholrelated harms: a proximity 
effect and an amenity effect. The proxim
ity effect hypothesizes that the effect of 
outlet density on consumption is reduced 
at higher density levels, and that outlet 
density eventually reaches a saturation 
point. As a result, the corresponding levels 
of alcoholrelated harms from consumption 

will also plateau. Conversely, the amenity 
effect postulates that as alcohol outlet 
density increases, alcoholrelated harms 
increase at an accelerating rate, as more 
drinkers are brought into closer proximity 
with each other. 

Future research is needed to improve our 
understanding of these possible relation
ships. However, the present study does 
provide evidence of the clustering of both 
alcohol sales and consumption, which we 
think can help inform decisions regarding 
the number and distribution of alcohol 
sales licenses. In the future, critical values 
for outlet density could be determined, in 
order to mitigate alcoholrelated harms.46,48,49 

Strengths and limitations

This study, using a novel approach, was 
able to replicate the impact of alcohol 
availability and income on expenditure 
observed using more traditional methods. 
To our knowledge, this was the first study 
to quantify and visualize the spatial struc
ture of alcohol expenditure and examine 
associations between expenditures and 
arealevel characteristics in the City of 
Toronto. It demonstrates the application 
of spatial methods and use of alcohol 
expenditure data in the Canadian context. 

One of the limitations of this study is the 
use of DA characteristics in 2006 to pre
dict 2010 licensed premises expenditures. 
These were the only data available at the 
time of the study; however, it is hoped 
that future studies will be able to use area 
data that are closer in time to the expendi
ture data. For smallarea studies, another 
primary problem is the issue of the “modi
fiable area unit problem” (MAUP), in 
which analyses at different spatial scales 
result in differing associations between 
explanatory variables and the outcome 
variable.13 For this study, the Dissemi
nation Area was chosen as the unit of 
analysis to balance data availability, limit
ing MAUP and finding local patterns that 
have applicability to policy efforts. Another 
possible limitation is the risk of the eco
logical fallacy, in which associations 
observed at a group level are used to make 
causal inferences at an individual level50,51 
leading to erroneous conclusions.52,53 It is, 
therefore, important to remember that the 
findings here are only applicable for 
understanding alcohol expenditure in 
Toronto at the DA level. Furthermore, it 
should also be kept in mind that our 
results are based on crosssectional data 

FIGURE 3 
Global Moran’s I statistic scatterplot for licensed 

premises alcohol expenditures, Toronto, Canada, 2010

Note: The Global Moran’s I statistic plots the licensed premises expenditure values (x-axis) against expenditure values in nearby areas 
(y-axis). The resulting correlation value is the Moran’s I value. Monte Carlo testing using 999 permutations was used to produce a p-value 
that determined whether the points plotted form a significant cluster. The Moran’s I values were significant at the .001 significance level.
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and causal inferences should not be made. 
Future studies could make use of spatial 
multilevel models to allow findings to be 
generalizable to the individual level. 
Timeseries analyses could also be done 
to address the crosssectional nature of 
our study.

Finally, the use of sociodemographic char
acteristics of residents of a DA to predict 
alcohol expenditures in the same DA 
assumes that purchases are made in the 
area of residence. It is likely that house
hold expenditures often include purchases 
made in other areas, and this is particu
larly true because of the small size of this 
geographic classification and the fact that 
people travel for work. To fully account 
for this would require data on the location 
of expenditures and household character
istics, which are presently unavailable. 

However, some purchasing activity in 
other DAs can be statistically accounted 
for by the spatial Durbin error model, as 
the spatially lagged alcohol outlet density 
variables capture the effects of alcohol 
outlet density in adjacent DAs on the aver
age expenditures in a local DA. The posi
tive associations found indicate that 
purchases at outlets outside of a local DA 
have a significant impact on the average 
expenditures within that DA. The signifi
cant spatial error term (Lambda) in the 
models might also be the result of pur
chases in adjacent DAs increasing expen
diture levels within the DA of residence. 
In the absence of more indepth data, one 
way to overcome this disconnect between 
place of residence and place of retail 
behaviour is to employ “gravity models,” 
such as the kernel density estimation 
method, to better account for retail 

behaviour in external DAs affecting the 
expenditures in a local DA.54 

Conclusion

The results of this study suggest that both 
arealevel socioeconomic factors and built 
environment variables may be related to 
levels of alcohol expenditure. The results 
corroborated the findings of previous indi
viduallevel studies of socioeconomic cor
relates of alcohol use, and also found 
associations between smallarealevel 
alcohol expenditure and socioeconomic 
characteristics for the first time. We also 
identified significant built environment 
associations with alcohol expenditures, 
which underscore the importance of 
examining contextual factors as significant 
influences of health behaviours. Moreover, 
this study adds considerably to the current 

FIGURE 4 
Hot spot and cold spot map for licensed premises alcohol expenditures by Dissemination Area in Toronto, Canada, 2010

Data source:  Licensed premises alcohol expenditures are from Statistics Canada. Survey of Household Spending (SHS): detailed information for 2013 [Internet]. Ottawa (ON): Statistics Canada; 2013 [modi-
fied 2017 Dec 12; cited 2015 Aug 7]. Available from: http://www23.statcan.gc.ca/imdb/p2SV.pl?Function=getSurvey&SDDS=3508

Notes: This map shows the hot spots (areas with high levels of alcohol expenditure clustered together) in red and the cold spots (areas with low levels of alcohol expenditure clustered together) in blue.  
The major highways have also been overlaid to provide a sense of location for the clusters. The correspondingly coloured numbers indicate the locations of the 3 hot spots and 3 cold spots.
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TABLE 2 
Spatial Durbin error model regression 

results for licensed premises expenditures  
in Toronto, Canada, Dissemination Areas, 

2010: coefficients and significance

Socioeconomic variables

Percentage nonvisible minority 0.004***

Percentage of Filipino ethnicity −0.003*

Percentage employed in 
management occupations

0.580***

Median household income, after tax 0.00001***

Percentage of income 
from transfer payments

−0.018***

Percentage of apartments < 5 floors 0.001***

Percentage of single detached houses 0.002***

Percentage of row houses 0.005***

Percentage postsecondary education 0.300***

Built environment variables

Subway intercepts 0.049

Lagged subway intercepts 0.249***

Primary drinking restaurant 
density by DA (km2)

0.001

Lagged primary drinking 
restaurant density by DA (km2)

0.007*

Restaurant density by DA (km2) 0.0003*

Lagged restaurant density by DA (km2) 0.001**

Constant 4.506***

Spatial autoregressive error term

Lambda 0.639***

Data source: Statistics Canada. Survey of Household Spending 
(SHS): detailed information for 2013 [Internet]. Ottawa (ON): 
Statistics Canada; 2013 [modified 2017 Dec 12; cited 2015 
Aug 7]. Available from: http://www23.statcan.gc.ca/imdb 
/p2SV.pl?Function=getSurvey&SDDS=3508.

Abbreviation: DA, Dissemination Area.

Notes: A lagged variable considers the effect of a variable of 
interest (i.e., alcohol expenditures) in neighbouring areas to a 
specific DA. For example, for a DA called DA1, if DA2 and 
DA3 are considered neighbours, their average total alcohol 
expenditure values can be averaged and included as a spa-
tially-lagged independent variable. What constitutes a neigh-
bour is dependent on the contiguity definition (i.e., rook 
criterion: sharing a common edge or queen criterion: sharing 
a common edge or a common vertex), and the resulting neigh-
bourhood structure is stored as a spatial weight matrix.

Lagged restaurant density: The effect of restaurant densities 
in areas immediately adjacent to a DA.

Lagged subway intercept: The effect of the presence of sub-
ways in areas immediately adjacent to a DA. 

* p < .05.

** p < .01.

*** p < .001.

understanding of alcohol expenditures by 
recognizing geographic influences. The 
findings in this study demonstrate the util
ity of a spatial analysis approach for 
understanding alcohol use, and further
more, highlight how the spatial methods 
used may help municipalities more effec
tively formulate alcoholuse reduction 
strategies to assist in reducing alcohol
related harms. Future research will benefit 
from this spatial understanding of licensed 
premised alcohol expenditures and can 
explore other avenues, such as examining 
additional built environment variables 
and applying models that explicitly 
address arealevel effects. 
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Highlights

• The factor structure of the Children’s 
Intrinsic Needs Satisfaction Scale 
(CINSS) was confirmed using mul
titrait multimethod confirmatory 
factor analysis.

• The CINSS tool showed good inter
nal reliability as well as criterion
related validity through correlations 
between subscales and related 
constructs. 

• The CINSS tool is a promising 
measure of positive mental health 
among Canadian youth.

with the challenges we face.”4 Similarly, 
wellbeing is defined as “good mental 
states, including all of the various evalua
tions, positive and negative, that people 
make of their lives, and the affective reac
tions of people to their experiences.”5 
However, the data on the mental health 
and wellbeing of children and youth in 
Canada, especially at the population level, 
are limited. Furthermore, mental health 
promotion approaches acknowledge a 
need to focus on strengths and resources 
to promote positive mental health for all 
children and youth, rather than on deficits 
and stress.6 Strengthsbased approaches 
focus on “what is going right,” as a foun
dation for promoting the wellbeing and 
health of the population.

Abstract

Introduction: Based on selfdetermination theory, the Children’s Intrinsic Needs 
Satisfaction Scale (CINSS) measures autonomy, competence and relatedness at school, 
home and with peers. The factor structure and criterionrelated validity of the CINSS in 
the Canadian youth population are tested using data from the Canadian Student 
Tobacco, Alcohol and Drugs Survey (CSTADS). 

Methods: Data from the 2014/2015 CSTADS were analyzed for evidence of convergent 
and discriminant validity and for method variance. A multitrait multimethod (MTMM) 
confirmatory factor analysis (CFA) was conducted to account for the conceptual struc
ture of the measure. Criterionrelated validity was demonstrated through correlations 
between related constructs, prosocial behaviours and behavioural problems, and the 
CINSS subscale scores. Mean differences on CINSS subscale scores between those who 
reported and did not report being bullied or bullying others were also examined. 

Results: Correlation analyses demonstrated that, in general, correlations were higher 
between concept/context item pairs and lowest between items measuring different con
cepts and contexts. Cronbach’s alpha for concept and context subscales were high: 
α  =  0.77 for autonomy, α = 0.85 for competence and α = 0.79 for relatedness. A 
MTMM CFA demonstrated that the model fit the data well, with no modifications. 
Criterionrelated validity was demonstrated through correlations between CINSS sub
scales and related concepts or mean differences on CINSS subscales between groups. 

Conclusion: The CINSS demonstrates good internal consistency, factorial validity and 
criterionrelated validity in this sample of Canadian students. The measurement of posi
tive mental health among Canadian youth is central to surveillance efforts which will 
help inform mental health promotion activities across Canada.

Keywords: positive mental health, self-determination theory, youth, well-being, factor 
analysis, Children’s Intrinsic Needs Satisfaction Scale

the world.2,3 The Public Health Agency of 
Canada (PHAC) defines positive mental 
health as “the capacity of each and all of 
us to feel, think, and act in ways that 
enhance our ability to enjoy life and deal 

Introduction

The mental health and wellbeing of chil
dren and youth is a public health priority 
in Canada1 and in many countries around 
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Surveillance efforts in the area of mental 
health have traditionally focused on what 
is going wrong, using measures of disor
der, distress and problematic behaviour. 
For example, the Strengths and Difficulties 
Questionnaire (SDQ), developed as a short 
behavioural screening questionnaire for 
use in clinical settings, program evalua
tion and surveillance, includes only one 
subscale that deals with the positive attri
butes of the child or youth.7 The Child 
Behaviour Checklist, one of the most 
widely used measures in child mental 
health, also focusses on problematic 
behaviours, including anxious, depressed, 
withdrawn and aggressive behaviours.8 
For public health to focus on strengths
based approaches and positive mental 
health, foundational measurement and 
surveillance efforts of these constructs are 
required. 

To measure positive mental health among 
Canadians, PHAC developed the Positive 
Mental Health Surveillance Indicator 
Framework (PMHSIF), which includes 
three positive mental health outcomes: 
emotional, psychological and social well
being.9 Positive mental health outcomes 
are measured by selfrated mental health, 
happiness, life satisfaction and psycholog
ical wellbeing in adults,10 and a sense of 
community belonging for social well
being. However, measures that are appro
priate for adults are often not appropriate 
for children or youth due to developmen
tal and other differences.

Few measures of positive mental health 
for youth and children have been imple
mented on largescale Canadian surveys. 
These include the Strengths and Difficulties 
Questionnaire on the Canadian Health 
Measures Survey (CHMS), the Health 
Utilities Index’s single item on emotion 
(CHMS) and the Children’s Intrinsic 
Needs Satisfaction Scale (CINSS). The 
CINSS was implemented for the SHAPES 
Mental Fitness survey component,11 as 
well as the 2014/2015 Canadian Student 
Tobacco, Alcohol and Drugs Survey 
(CSTADS).12 After comparing these mea
sures, the CINSS was chosen as a strong 
candidate measure of positive mental 
health among children and youth because 
it covered two of the three positive mental 
health outcomes included in the PMHSIF.

The CINSS is based in selfdetermination 
theory (SDT), a theory of motivation 
and personality that proposes the basic 

psychological human needs of autonomy, 
competence and relatedness.1316 Autonomy 
is the experience of choice for one’s activ
ities; competence is a feeling of mastery 
and selfefficacy; and relatedness is a feel
ing of closeness with significant others. 
These concepts map onto the constructs 
of psychological wellbeing (autonomy 
and competence) and social wellbeing 
(relatedness) in the PMHSIF. These three 
concepts are also hypothesized to contrib
ute to emotional wellbeing. Situations or 
environments that support individual 
autonomy, competence and relatedness 
are predicted to lead to greater subjective 
wellbeing and happiness.13 On the other 
hand, situations that do not support these 
basic needs may lead to decreased 
wellbeing. 

Although autonomy, competence and 
relatedness in the context of wellbeing 
have been widely studied in adult popula
tions, children and youth remain an inad
equately studied population. In order to 
measure the core concepts of selfdetermi
nation theory among children and youth, 
Véronneau et al. (2005) developed the 
CINSS.17 The scale’s 18 questions cover 
the three concepts (competence, related
ness, autonomy) each across three con
texts (with home, school and peers). 
While this measure has been implemented 
on the School Health Planning and 
Evaluation System and the CSTADS,11,12 
there is limited information about its reli
ability and validity, and we were unable 
to identify any published reports of its fac
tor structure.

The purpose of this paper is to test the 
factor structure and construct validity of 
the CINSS in the Canadian youth popula
tion using data from the CSTADS. 
Convergent validity is demonstrated by 
high correlations among measures of the 
same trait by the same method, and dis
criminant validity is demonstrated by rela
tively lower correlations between different 
traits and different methods. We anticipate 
that CINSS subscales will be positively 
associated with prosocial behaviour and 
negatively associated with behavioural 
problems, bullying and being bullied. 

Methods 

Data from the 2014/2015 CSTADS—obtained 
through a sharing agreement with Health 
Canada and PHAC—were analyzed. The 
CSTADS is a schoolbased survey con
ducted every second year, with funding 

from Health Canada. The target popula
tion for the 2014/2015 cycle was students 
in Grades 6 to 12 (Secondary 5 in Quebec) 
who were attending public, private and 
Catholic schools in the 10 provinces in 
Canada. The three territories were 
excluded. During this cycle, schools on 
military bases and on First Nations 
reserves and schools for youth with visual 
or hearing impairments or special needs 
were also excluded. While New Brunswick 
was included in the sample, estimates 
could not be calculated for this province 
due to a very low participation rate. A 
stratified singlestage cluster design, based 
on the smoking rate for the health region 
as well as type of school, was used, with 
schools randomly selected within strata. 
The final sample included 336 schools 
from 128 school boards, with a school
level response rate of 47%; 42  094 stu
dents responded, representing a 66% 
studentlevel response rate. The paper and 
pencil survey, which took less than 30 
minutes to complete, was administered in 
classrooms, in English and French, 
between October 2014 and May 2015. 

Ethics approval was granted by the Health 
Canada and the PHAC’s Research Ethics 
Board, the Office of Research Ethics at the 
University of Waterloo, the provincial 
institutional ethics review boards and the 
ethics boards of participating school 
boards. Consent procedures varied by 
school board and included active permis
sion or active information/passive permis
sion by home and guardians. Participation 
in the survey was at the students’ 
discretion. 

Measures

The CINSS consists of 18 questions,17 
which respondents answer using a four
point Likert scale ranging from 1 (“Really 
false for me”) to 4 (“Really true for me”). 
There were six questions per concept 
(autonomy, competence and relatedness) 
and six questions per context (with peers, 
at home and at school), for a total of two 
questions per context/concept pair. Sub
scale scores were created by summing 
responses to each of the six questions for 
the autonomy, competence and related
ness subscales. Sample questions and 
their corresponding concepts and contexts 
include: “My teachers like me and care 
about me” (relatedness/school); “I feel 
free to express myself at home” (auton
omy/home); and “I feel my friends think I 
am good at things” (competence/with 
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peers). If a respondent was missing data 
on an item, the value for that subscale 
was not computed. 

For measures of criterionrelated validity, 
correlations between the CINSS total score 
and subscale scores were examined for 
the following modules: bullying, prosocial 
behaviours and behavioural problems. 

Bullying
Bullying and being bullied were based on 
questions about frequency over the past 
30 days. Students were asked “1) In the 
last 30 days, how often have you been 
bullied by other students?” and “2) In the 
last 30 days, how often have you bullied 
other students?”

Students were grouped according to 
whether they reported 1) being bullied 
(responses b through e) or not bullied 
(response a), and whether they 2) reported 
bullying others (responses b through e) or 
not bullying others (response a):

a. I have not been bullied by/have not bul
lied other students in the last 30 days;

b. Less than once a week;

c. About once a week;

d. 2 or 3 times a week;

e. Daily or almost daily.

Prosocial behaviours
The prosocial behaviour scale of the 
Health Behaviours in School Aged Children 
Brief Symptom Checklist 18 was measured 
using the following five positive statements:

a. I often do favours for people without 
being asked;

b. I often lend things to people without 
being asked;

c. I often help people without being asked;

d. I often compliment people without 
being asked;

e. I often share things with people with
out being asked.

Behavioural problems
The behavioural problems scale of the 
Health Behaviours in School Aged Children 
Brief Symptom Checklist 18 was measured 
using the seven following negative 
statements:

a. I cut classes or skip school;

b. I make other people do what I want;

c. I disobey my parents;

d. I talk back to my teachers;

e. I get into fights;

f. I often say mean things to people to get 
what I want;

g. I take things that are not mine from 
home, school, or elsewhere.

Responses to the prosocial behaviours and 
behavioural problems scale statements 
were chosen from a sixpoint Likert scale 
that ranged from 1 (“definitely not like 
me”) to 6 (“definitely like me”). The 
responses were summed for all questions 
answered, then divided by the number of 
questions answered for all respondents 
who answered three or more questions.

Demographic variables
Demographic variables included sex and 
grade. Ethnicity was based on the ques
tion “How would you describe yourself?” 
Response categories included: White, 
Black, West Asian/Arab, South Asian, 
East/Southeast Asian, Latin American/
Hispanic, Aboriginal and “Other.” School 
socioeconomic status was determined by 
using median household income from the 
2011 Census of the households in the 
school’s forward sortation area (first three 
digits of the postal code). Urban/rural sta
tus was also determined using the school’s 
postal code and the Statistical Area 
Classification system variable from the 
Postal Code Conversion File + version 
6a1.

Analysis

Descriptive statistics and correlation anal
yses were conducted in SAS EG (SAS 
Institute Inc., Cary, NC, USA). Descriptive 
analyses were stratified by sex. 

Multitrait multimethod (MTMM) confir
matory factor analysis (CFA) was con
ducted to test the structural validity of the 
CINSS. The MTMM approach to CFA 
makes it possible to measure several traits 
using a number of methods.19 In this case, 
we used MTMM CFA to test the factor 
structure of three “traits” (autonomy, 
competence and relatedness) as measured 
in three “method” contexts (home, school 
and with friends). This method is required 
to take into account the conceptual struc
ture of the measure, which includes both 

traits and contexts, whereas a standard 
CFA would only take into account either 
the traits or the contexts, but not both 
simultaneously. Our analytic plan involved 
testing two models, as described by Marsh 
and Grayson:20 correlated traits correlated 
methods (CTCM) and correlated traits cor
related uniqueness (CTCU). The CTCM 
estimates factors for traits and methods, 
as well as correlations among traits and 
among methods, separately (i.e. does not 
estimate correlations between traits and 
methods). An advantage of this model is 
that it closely resembles what MTMM 
strives to achieve, theoretically; however, 
it rarely converges in practice because the 
model is usually underidentified.21 The 
CTCU, which provides an estimate of trait 
factors and intercorrelations among the 
method item residuals, is normally tested 
as a backup. 

To assess model fit, we used Hu and 
Bentler’s 22 criteria for adequate fit: a 
value of 0.95 or greater for the compara
tive fit index (CFI) and TuckerLewis index 
(TLI); a value of less than 0.08 for the 
standardized root mean square residual 
(SRMR); and a value of less than 0.06 for 
root mean square error of approximation 
(RMSEA). All analyses were weighted to 
account for the sampling design of the 
CSTADS and bootstrapping was used to 
obtain standard errors for descriptive 
statistics.12 

Results 

Study participants included youth in 
Grades 6 through 12, with about 15% of 
the sample in each of these grades 
(Table  1). The sample comprised 51.4% 
males and 48.6% females. All provinces 
were represented proportionally except for 
New Brunswick, which comprised less 
than 1% of the sample. The median 
household income of the neighbourhood 
in which a school was located was 
$66 509, and 79.8% of schools were 
located in urban settings. While most stu
dents identified as White (66.5%), consid
erable diversity is apparent, with 10.8% of 
students identifying as South Asian/
Indian, 8.7% as East Asian/Chinese, 5.3% 
as Black, 4.2% as Aboriginal, 3.2% as 
Asian/Arab, 2.6% as Latin American/
Hispanic and 7.3% as “Other.” 

Table 2 shows descriptive statistics for 
CINSS items reported separately/split by 
sex and for males and females combined. 
All items had relatively high mean responses 
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on the fourpoint scale. Item and subscale 
means were similar for males and females. 
There were low levels of missing data, 
ranging from 3% to 5% per item. 
Cronbach’s alpha for the three domain 
subscales were as follows: autonomy 
α = 0.77; competence, α = 0.85; and relat
edness α = 0.79. The appropriate level of 
alpha depends on the intended use of the 
measure, with an alpha of at least 0.70 
being adequate for most research and 0.80 
for most applied purposes.23 

Table 2 shows mean scores by concept 
and context for both sexes combined and 
for females and males separately. There 
were no statistically significant differences 
in subscale scores for females and males, 
with the exception of relatedness, where 
mean scores were 3.41 (95% CI: 3.40–3.41) 
and 3.34 (95% CI: 3.34–3.35), respectively. 

Table 3 shows the correlation matrix for 
CINSS items. Convergent validity was 
demonstrated by higher correlations for 

same trait, same context items. In general, 
correlations were highest between trait/
context pairs (e.g. relatedness with friends, 
r = 0.63) and between trait items (e.g. 
competence) and context items (e.g. at 
school). However, item pairs for auton
omy at home (r = 0.34) and at school 
(r  =  0.35) were lower than expected. 
Discriminant validity was demonstrated 
through lower correlations between differ
ent trait, different context items (e.g. hav
ing a choice over when to do chores 
(autonomy at home) and likes to be with 
friend (relatedness with peers, r = 0.21).

As tests of criterionrelated validity, we 
also examined the relative strength of the 
relationships between the CINSS sub
scales with prosocial behaviour and prob
lematic behaviour measures (Table 4). 
Relatedness was most highly correlated 
with problematic behaviour (r = −0.33), 
as was competence (r = −0.31) (Table 4). 
Scores on all subscales were significantly 
lower among those reporting being bullied 
in the past 30 days compared to those 
who did not report this, and among those 
reporting bullying others in the past 30 
days compared to those who did not 
report this. Those who reported being bul
lied, or bullying others, had scores 
approximately onequarter point lower 
than those who were not bullied or did 
not bully others.

The CTCM model was tested in MPlus24 
using robust maximum likelihood estima
tion. As anticipated, the model did not 
converge. The CTCU model, however, fit 
the data well: the Chisquare test value for 
the model was 75 545.40 (df = 153; 
p < 0.001). The CFI exceeded Bentler and 
Hu’s criterion at 0.97; TLI of 0.94 was 
slightly lower than the 0.95 cutoff. RMSEA 
was 0.026 (95% CI: 0.025–0.027; p < 0.001) 
and SRMR was 0.028. All factor loadings 
were significant, with standardized values 
ranging from .49 to .74. Statistically sig
nificant intercorrelations between item 
residuals ranged from r = .04 to r = .45. 
Correlations were highest among item 
residuals measured for home and peer 
contexts and lowest for the school con
text, where five item residual correlations 
were not significant. No modifications 
were needed to obtain an adequate fit 
according to the criteria set by Hu and 
Bentler.22 High correlations among the 
trait factors (rautrel = .91; rautcomp = .90;  
rrelcomp = .95) suggested that a second order 
factor might better represent the factor 
structure of the data. When relatedness, 

TABLE 1 
Description of sample composition (N = 42 094)

Characteristics % 95% CI

Sex
Male 51.41 51.40–51.42

Female 48.59 48.58–48.60

Grade

6 12.77 12.67–12.87

7 13.83 13.71–13.95

8 14.03 13.90–14.15

9 14.97 14.90–15.05

10 14.99 14.92–15.07

11 15.14 15.05–15.23

12 14.26 14.17–14.35

Self-reported 
ethnicity

White 66.53 64.95–68.11

Black 5.30 5.01–5.59

Asian/Arab 3.24 3.01–3.46

South Asian/Indian 10.79 9.49–12.09

East Asian/Chinese 8.73 8.32–9.14

Aboriginal 4.22 3.93–4.51

Latin American 2.60 2.31–2.89

Other 7.31 7.07–7.54

Location of school
Urban 79.82 77.55–82.09

Rural 20.18 17.91–22.45

Median household income of school  
neighbourhood ($)

66 509 65 731.57–67 285.61

Province

Newfoundland & Labrador 1.35 1.34–1.36

Prince Edward Island 0.45 0.44–0.45

Nova Scotia 2.59 2.57–2.62

New Brunswick 2.22 E 1.36–3.08

Quebec 18.63 18.46–18.79

Ontario 44.02 43.63–44.40

Manitoba 3.90 3.86–3.93

Saskatchewan 3.12 3.09–3.15

Alberta 11.18 11.08–11.28

British Columbia 12.55 12.44–12.66

Abbreviations: CI, confidence interval; CV, coefficient of variation.
E CV > 16.6, interpret with caution.
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autonomy and competence factors were 
loaded onto a secondorder factor of basic 
psychological need satisfaction, the factor 
variance was significant (Z = 6.49, p < .001). 
Factor loadings for items and first order 
factors are presented in Table 5. 

Discussion

These analyses of the 2014/2015 CSTADS 
support the factorial and criterionrelated 
validity of the CINSS scale. In this sample 
of youth in Grades 6 to 12, mean levels of 
autonomy, competence and relatedness 
were relatively high, with item means 
ranging from 2.84 to 3.74 on a fourpoint 
scale and subscale mean scores of 3.23 for 
autonomy, 3.35 for competence, to 3.37 
for relatedness. There were no substantive 
differences between females and males, 
although the difference in the relatedness 

scales between females and males was 
small but statistically significant. The 
level of missing data was relatively consis
tent between items, ranging from 2% to 
5% depending on the item and sex. We 
observed similar levels of internal consis
tency as Véronneau et al. in their initial 
study in Montréal,17 with Cronbach’s 
alphas in the high 0.70s to mid 0.80s for 
the subscales.

The pattern of correlations largely sup
ported the MTMM measurement structure 
of the CINSS, although the autonomy sub
scale had lower itempair correlations 
than anticipated. Autonomy is measured 
in each context by two questions: the first 
is about expressing oneself; the second is 
about choosing when to do schoolwork, 
homework or activities with friends. It 
may be that expression and choice of 

activities are both conceptually related to 
autonomy, but reflect different aspects. It 
may be worthwhile to explore these items 
further in order to determine if they 
should be reflected in lower order factors 
under autonomy. The CFA confirmed that 
the CTCU model is a good fit to the data, 
with no modifications needed to the pro
posed factor structure to obtain acceptable 
fit.

The CINSS demonstrated good criterion
related validity, with a moderate positive 
correlation between the relatedness sub
scale and prosocial behaviours and a 
moderate negative correlation with behav
ioural problems. Correlations between 
autonomy and prosocial and problematic 
behaviours were lower. Children reporting 
being bullied or bullying others in the past 
30 days had lower scores on all three 

TABLE 2 
Means, standard deviations and percent missing data by item, Children’s Intrinsic Needs Satisfaction Scale, 2014/15 (N = 42 094)

Item

Both sexes Females Males

Mean SE
% 

missing
Mean SE

% 
missing

Mean SE
% 

missing

Relatedness 

Cared about by teachers R1 3.21 .004 3 3.25 .004 3 3.18 .005 4

Spends time with parents R2 3.30 .003 4 3.34 .003 3 3.27 .004 5

Cared about by parents R3 3.74 .003 4 3.74 .004 3 3.73 .003 5

Likes to be with teachers R4 2.84 .004 4 2.86 .005 3 2.81 .006 5

Cared about by friends R5 3.47 .003 4 3.53 .004 3 3.41 .003 5

Likes to be with friends R6 3.65 .002 4 3.68 .003 4 3.62 .003 5

Overall relatedness – 3.37 .002 8 3.41 .003 8 3.34 .003 9

Autonomy

Expresses her/himself at home A1 3.39 .003 4 3.39 .005 3 3.38 .003 5

Expresses her/himself with friends A2 3.45 .004 4 3.49 .005 3 3.42 .004 5

Choice school work A3 3.20 .004 4 3.23 .006 3 3.16 .004 5

Choice friend activities A4 3.39 .003 4 3.40 .005 3 3.38 .003 5

Expresses her/himself at school A5 2.99 .004 4 2.96 .006 3 3.02 .004 5

Choice chores A6 2.94 .004 4 2.95 .005 3 2.94 .005 5

Overall autonomy – 3.23 .003 7 3.24 .005 7 3.22 .003 8

Competence

Well at school C1 3.29 .003 3 3.30 .004 4 3.28 .004 4

Teachers think he/she is good C2 3.21 .004 4 3.20 .004 3 3.21 .005 5

Well at home C3 3.35 .003 4 3.33 .004 3 3.37 .003 4

Parents think he/she is good C4 3.47 .003 4 3.46 .004 3 3.48 .004 5

Well with friends C5 3.40 .003 4 3.41 .004 3 3.38 .004 5

Friends think he/she is good C6 3.37 .003 4 3.38 .004 3 3.36 .004 5

Overall competence – 3.35 .002 7 3.36 .003 6 3.35 .003 8

Abbreviation: SE, standard error.
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subscales, with the lowest of these being 
on the competence subscale for both vari
ables. This relationship between percep
tions of competence and bullying or being 
bullied should be explored further, and 
enhancing competence may be an avenue 
for addressing bullying in schools. Com
petence is the experience of “oneself as 
effective in one’s interactions with the 
social and physical environments,”25,p. 27 

and future research could explore whether   
bullying behaviours stem from a need to 
assert control when this is low in other 
domains. A Hong Kong study found no 
association between bullying and being 
bullied and teacher support for compe
tence or autonomy, but did find an associ
ation with teacher support for related ness.26 
However, this study measured teacher 
support for autonomy, competence and 

relatedness, while the CINSS measures 
these concepts in three contexts: at home, 
at school and with peers.

Strengths and limitations

This study is the first of its kind to vali
date the CINSS in a large, representative 
schoolbased sample of youth in Canada. 
Other studies have examined the CINSS in 

TABLE 3 
Correlation matrix of items of the Children’s Intrinsic Needs Satisfaction Scale, 2014/15 (N = 39 734–40 650)

R1 R2 R3 R4 R5 R6 A1 A2 A3 A4 A5 A6 C1 C2 C3 C4 C5 C6

Relatedness

R1 Cared about by teachers – .36 .35 .63 .40 .32 .35 .30 .32 .35 .44 .26 .52 .66 .39 .43 .36 .42

R2 Spends time with 
parents

.36 – .54 .39 .33 .30 .52 .31 .28 .31 .34 .33 .36 .40 .54 .53 .33 .36

R3 Cared about by parents .35 .54 – .26 .40 .37 .51 .34 .32 .36 .30 .30 .36 .38 .50 .61 .36 .38

R4 Likes to be with 
teachers

.63 .39 .26 – .32 .27 .30 .27 .33 .34 .46 .29 .43 .57 .37 .39 .35 .39

R5 Cared about by friends .40 .33 .40 .33 – .63 .36 .58 .28 .55 .50 .26 .37 .40 .41 .42 .64 .67

R6 Likes to be with friends .32 .30 .37 .27 .63 – .30 .55 .24 .49 .40 .21 .32 .32 .33 .34 .57 .57

Autonomy

A1 Expresses her/himself at 
home

.35 .52 .51 .30 .36 .30 – .39 .31 .37 .41 .34 .37 .40 .53 .51 .36 .38

A2 Expresses her/himself 
with friends

.30 .31 .34 .27 .58 .55 .39 – .28 .49 .51 .22 .31 .33 .40 .32 .56 .52

A3 Choice school work .32 .28 .32 .33 .28 .24 .31 .28 – .35 .35 .45 .34 .36 .35 .38 .31 .32

A4 Choice friend activities .35 .31 .36 .34 .55 .49 .37 .49 .35 – .45 .31 .36 .38 .39 .39 .59 .54

A5 Expresses her/himself at 
school

.44 .34 .30 .46 .50 .40 .41 .51 .35 .45 – .31 .42 .46 .41 .38 .49 .56

A6 Choice chores .26 .33 .30 .29 .26 .21 .34 .22 .45 .31 .31 – .24 .28 .38 .35 .27 .30

Competence

C1 Well at school .52 .36 .36 .43 .37 .32 .37 .31 .34 .36 .42 .24 – .62 .47 .49 .38 .46

C2 Teachers think he/she is 
good

.66 .40 .38 .57 .40 .32 .40 .33 .36 .38 .46 .28 .62 – .46 .52 .39 .50

C3 Well at home .39 .54 .50 .37 .41 .33 .53 .40 .35 .39 .41 .38 .47 .46 – .58 .44 .47

C4 Parents think he/she is 
good

.43 .53 .61 .39 .42 .34 .51 .32 .38 .39 .38 .35 .49 .52 .58 – .40 .49

C5 Well with friends .36 .33 .36 .35 .64 .57 .36 .56 .31 .59 .49 .27 .38 .39 .44 .40 – .62

C6 Friends think he/she is 
good

.42 .36 .38 .39 .67 .57 .38 .52 .32 .54 .56 .30 .46 .50 .47 .49 .62 –

TABLE 4 
Subscale means by being bullied or bullying in the past 30 days, and correlations 

between subscale scores and prosocial behaviours and problematic behaviours

Not 
bullied

95% CI Bullied 95% CI
Did not bully 

others
95% CI

Bullied 
others

95% CI Prosocial (r)
Problematic 
behaviour (r)

Autonomy 3.32 3.31–3.32 2.98 2.97–2.99 3.27 3.27–3.28 3.01 3.00–3.03 0.20 –0.22

Competence 3.43 3.42–3.43 3.15 3.14–3.16 3.40 3.39–3.40 3.11 3.10–3.12 0.24 –0.31

Relatedness 3.44 3.43–3.44 3.21 3.20–3.22 3.42 3.41–3.42 3.15 3.14–3.16 0.27 –0.33

Abbreviation: CI, confidence interval.
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more specific contexts and with smaller 
samples: among schoolaged children in 
New Brunswick and PEI;27 an examination 
of intrinsic needs satisfaction and depres
sion;28 and an examination of the impact 
of a schoolbased intervention.29 While we 
did not have additional measures that 
closely aligned with the concepts of 
autonomy, competence and relatedness 
on the CSTAD survey, which focusses pri
marily on tobacco, alcohol and drugs, 
there were related concepts that we were 
able to include in tests of criterionrelated 
validity such as prosocial behaviours and 
problematic behaviours. It would be use
ful to examine how the CINSS subscales 
are associated with other closely related 
concepts, such as selfesteem, mastery 
and perceived control in the future. This 
survey was administered at a single point 

in time, and thus we were not able to 
examine its stability over time. Similarly, 
the data we analyzed only included chil
dren and youth in Grades 6 to 12. Further 
evaluation of this measure is required for 
younger children. While the concepts 
measured by the CINSS align well with 
our threefactor concept of positive men
tal health, this instrument was not devel
oped as a measure of positive mental 
health. Given the high level of attention to 
promoting positive mental health among 
children in research and practice, it may 
be useful to develop an instrument mea
suring the concept of positive mental 
health.

Conclusion

Based on selfdetermination theory, the 
CINSS measures competence, autonomy 
and relatedness in three contexts: at 
home, at school and with peers. The 
CINSS scale is a promising measure of 
positive mental health in children and 
youth for national surveillance purposes. 
The CINSS subscales align well with the 
concepts of psychological wellbeing (com
petence, autonomy) and social wellbeing 
(relatedness) reported in the PMHSIF. The 
availability of validated scales of positive 
mental health for children and youth is an 
essential foundation for research that can 
inform policies and programs that aim to 
improve the wellbeing of this population 
group. Future research should examine 
levels of competence, autonomy and relat
edness in different groups of students, and 
whether the CINSS is sensitive to change 
for use in intervention research.
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