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Abstract 

Background: The suitability of geospatial services for auditing neighbourhood features relevant to pediatric obesity 
remains largely unexplored. Our objectives were to (i) establish the measurement properties of a desk‑based audit 
instrument that uses Google Street View ® to assess street‑ and neighbourhood‑level features relevant to pediatric 
obesity (QUALITY‑NHOOD tool, the test method) and (ii) comment on its capacity to detect changes in the built 
environment over an 8‑year period. In order to do so, we compared this tool with an on‑site auditing instrument (the 
reference method).

Methods: On‑site audits of 55 street‑ and neighbourhood‑level features were completed in 2008 in 512 neighbour‑
hoods from the QUALITY cohort study. In 2015, both repeat on‑site and desk‑based audits were completed in a 
random sample of 30 of these neighbourhoods.

Results: Agreement between both methods was excellent for almost all street segment items (range 91.9–99.7%), 
except for road type (81.0%), ads/commercial billboards (81.7%), road‑sidewalk buffer zone (76.1%), and road‑bicycle 
path buffer zone (53.3%). It was fair to poor for perceived quality, safety and aesthetics items (range 59.9–87.6%), as 
well as for general impression items (range 40.0–86.7%). The desk‑based method over‑detected commercial bill‑
boards and road‑sidewalk buffer zone, and generally rated neighbourhoods as less safe, requiring more effort to get 
around, and having less aesthetic appeal. Change detected over the 8‑year period was generally similar for both 
methods, except that the desk‑based method appeared to amplify the increase in the number of segments with signs 
of social disorder.

Conclusions: The QUALITY‑NHOOD tool is deemed adequate for evaluating and monitoring changes in pedestrian‑ 
and traffic‑related features applicable to pediatric populations. Applications for monitoring the obesogenic nature of 
neighbourhoods appear warranted.
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Background
Close to one third of school-aged children in Canada 
are overweight or obese and preventative measures are a 
public health priority [1]. As multiple individual and con-
textual factors interact to determine obesity in youth [2], 
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evidence supporting the effectiveness of youth obesity 
prevention programs is needed, notably for home and 
community-based approaches. [3, 4]

Urban neighbourhood design features are increasingly 
being considered for their potential to promote healthy 
lifestyle behaviours in youth, notably those that facilitate 
active travel to school. Street connectivity and accessibil-
ity to local destinations along a safe street network have 
been found to be positively associated with children’s 
physical activity [5]. For example, walkability [6, 7], street 
connectivity [6, 8, 9], access to parks, play areas and green 
spaces [6, 10, 11], and proximity to commercial exercise-
related facilities [12] are generally associated with physi-
cal activity in children or adolescents. Similarly, results 
from a recent systematic review concluded that inter-
ventions targeting multiple streetscape improvements 
for walking or cycling, such as crosswalk and sidewalk 
improvements, improved and covered bike parking, or 
installation of traffic calming features (textured intersec-
tion and zebra crossings for pedestrians), had significant 
positive impacts on active transportation in children and 
on physical activity in adults [13].

Many of these neighbourhood-level features are also 
associated with overweight status in youth [14–18]. 
However, very few studies in children have assessed area-
level change in specific features such as park or cycle 
path access [19, 20]. Documenting the distinct features of 
neighbourhoods that are most amenable to intervention 
is an important part of establishing policies designed to 
address the obesity epidemic. In this pilot study, we sys-
tematically scored a comprehensive list of urban design 
and street-level features, and we repeated this procedure 
in order to document neighbourhood evolution over an 
8-year period. This pilot was conducted in a random sub-
sample of neighbourhoods prior to launching desk-based 
audits only in the full-scale study.

Sources of information on these features include resi-
dent perceptions, topographic maps, and in-person 
audits using systematic social observation of street seg-
ments [21–23]. Combined methods are thought to yield 
the most comprehensive descriptions of neighbourhoods 
including both qualitative and fine-grained quantitative 
aspects [24]; on-site neighbourhood audits, however, can 
be onerous and broad-scale studies can be time-consum-
ing and costly, while exposing auditors to potential harm 
or injury [25]. An alternative but equivalent method is 
warranted, as on-site neighbourhood audits can cap-
ture aspects of the built environment that are not avail-
able through secondary datasets (notably sidewalks and 
pavement condition; presence of trash and graffiti; tree 
canopy characteristics; perceived quality, safety and aes-
thetics of residences/buildings, yards and decorative fea-
tures; general impression features of neighbourhoods).

In the last decade, the widespread availability of free 
internet-based geospatial tools has facilitated novel desk-
based or ‘virtual’ methods for assessing urban design 
and street-level features [25]. One such geospatial tool, 
Google Earth®, comprises a software that displays satel-
lite images of the earth’s surface, with zoom-in capabil-
ity at high resolution. Google Street View®, a feature in 
Google Earth®, provides 360° horizontal panoramic views 
at the street-level, giving the auditor the sensation of 
ambulating along the street and the capability to inspect 
the entire street segment with remarkable detail.

In the past five to 10 years, multiple studies have used 
Google Street View®, Google Earth®, or other geospatial 
tools to characterize environments [25, 26]. Although 
neighbourhood audits using Google Street View® have 
been reported to be valid and reliable with respect to the 
assessment of specific neighbourhood features [20, 25–
39], little is known about their ability to capture neigh-
bourhood features applicable to pediatric populations 
[20, 33] (i.e. school corridors, children at play signs, etc.) 
and to our knowledge, none have been used to document 
changes in neighbourhood features over time. We extend 
capacity in this area by evaluating a newly developed 
desk-based audit instrument that exploits Google Street 
View®’s data source and its application software. Specifi-
cally, we establish its measurement properties, including 
indices of agreement and performance, by comparing 
contemporaneous desk-based (test method) and on-site 
(reference method) assessments. We then describe the 
occurrence and magnitude of street-level changes and of 
neighbourhood transformations over an average 8-year 
period using both our test and reference methods and 
discuss implications for research.

Methods
Study sample
Neighbourhood data were obtained from the QUALITY 
(QUebec Adipose and Lifestyle InvesTigation in Youth) 
study, an ongoing longitudinal investigation of the natu-
ral history of obesity and related cardiometabolic conse-
quences in youth. A detailed description of the original 
QUALITY study design and methods is available else-
where [40]. Briefly, a total of 630 Caucasian families were 
recruited from 2005 to 2008 via flyers sent to all schools 
in 3 urban areas of Quebec, Canada; 512 families lived in 
the greater Montreal area. At least one parent had to be 
obese at the time of recruitment (based on self-reported 
height and weight or waist circumference) and the partic-
ipating child had to be between 8 and 10 years. All family 
members completed interviewer-administered question-
naires; trained nurses obtained biological, anthropo-
metric, and physiological measurements from children. 
Follow-ups occurred in 2008–2010 (when children were 
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aged 10–12 years) and again in 2015–2017 (at ages 15 to 
17 years). Written informed consent was obtained from 
both biological parents, and assent was provided by chil-
dren. The ethics review boards of CHU Sainte-Justine 
and the Quebec Heart and Lung Institute University 
approved the study protocol.

Measures
Systematic social observation (i.e. on-site audits and 
scoring of street-level elements) was completed at base-
line (i.e. 2008) in all 512 Montreal-area neighbourhoods. 
A geospatial technician produced maps for each address 
using a spatial database [41], circumscribing the entire 
500-m walking network around the family residence 
(Fig.  1), and highlighting 10 contiguous street segments 
centered on the residence for detailed evaluation, includ-
ing all first degree (i.e. connected to the residential) and 
a random selection of second degree (i.e. connected to a 
first degree) street segments (Fig. 1). At the 2015 follow-
up, 80% of families were still living at the same address 
and comprised our sampling frame. We conducted a 
stratified random sample of 30 addresses such that the 30 
corresponding neighbourhoods reflected diversity both 
in area-level socioeconomic status, with median area 
income ranging from $44,580 to $116,529 CAD per year, 
and in population density, ranging from less than 2000 to 
more than 13,000 residents per  km2.

Instrument
The original neighbourhood audit tool, called the QUAL-
ITY-NHOOD (QUALITY NeigHbourhood Obesogenic 
pOtential Diagnosis), was designed to be used on-site 
[21]. It was adapted by Dr. Barnett and Dr. Van Hulst in 
part from existing validated tools [22, 42–45] and under-
went extensive pretesting with several teams of trained 
observers. The final version comprised a total of 55 items, 
including 46 street-level items and 9 general impression 
items. Street-level items included land use and design (15 
items), street segment installations or signs (13 items), 
street segment modifications and markings (7 items), and 
perceived quality, safety and aesthetics (11 items). Items 
assessing general impressions included neighbourhood 
safety (3 items), effort required to walk/cycle around the 
neighbourhood (2 items), presence of nature and green 
space (1 item), signs of social disorder (1 item), ambiance 
(1 item), and aesthetics (1 item). To avoid possible confu-
sion between mid-segment zebra crossings, zebra cross-
ing at intersections, textured intersections for pedestrians 
and pedestrian crossing signs, these were combined and 
categorized as “pedestrian crossing zone”. Street-level 
items were scored based on presence or absence, except 
if otherwise specified. General impression items were 

scored on a Likert scale, ranging from “not at all” to “a 
lot”. Documents are available online [46].

The desk-based counterpart to the QUALITY-NHOOD 
is identical to the original on-site audit tool except for 
the addition of prompts documenting the date of the 
Google Street View® images for each street segment (see 
supplementary file). In addition, the Google Earth® sat-
ellite map provides a useful overhead perspective of the 
neighbourhood.

In our previous work [47], we characterized neigh-
bourhood types using factor-based scores that captured 
the presence of any of several specific features on each 
segment. These included a traffic-calming score (pro-
portion of segments with at least one of the following 
items: speed bumps, mid-segment stop signs, 30  km/h 
or lower speed limits, large obstacles, or traffic lights), 
a pedestrian-facilitating score (proportion of street seg-
ments with at least one of the following items: all-ways 
stop sign, pedestrian crossing zone, and dedicated traf-
fic lights for pedestrians), and a social-disorder score 
(proportion of street segments with at least one of the 
following items: any visible trash, graffiti, vacant lots, or 
abandoned buildings). The three scores were generated 
using both the desk-based and on-site assessments, and 
then compared.

Data collection
Training for the current study involved two observers 
independently completing both on-site and desk-based 
audits of 50 street segments in 5 test neighbourhoods 
with the lead investigator; scoring discrepancies were 
discussed and resolved until standardization of responses 
was deemed optimal. For both desk-based and on-site 
audits, two observers either walked or virtually walked 
every street segment, using the map to orient themselves; 
all items were scored after every street segment. Once all 
items of all 10 segments in a given neighbourhood were 
scored, the observers walked or virtually walked every 
street segment in the 500-m walking network around the 
participant’s residence and scored the 10 items pertain-
ing to the general impressions of the neighbourhood. 
The time needed to complete each on-site and desk-
based neighbourhood audit was recorded. Although one 
observer primarily conducted the desk-based audits, 
while the other primarily conducted on-site audits, both 
remained masked with respect to each other’s responses 
throughout the data collection period.

Analyses
We computed both exact agreement between corre-
sponding items from the on-site and desk-based audit 
tools, and Cohen’s kappa, a chance-corrected meas-
ure of agreement, as recommended when the goal is to 



Page 4 of 11Roberge et al. International Journal of Health Geographics            (2022) 21:2 

estimate predictive accuracy [48]. A single measure of 
agreement can be uninformative for variables with sub-
stantially skewed distributions, or with considerable vari-
ation in bias (i.e. over- or under-detection) [49]. We also 
computed ICCs for the three factor-based scores. Exact 
agreement was categorized as excellent (≥ 90%), fair (70 
to less than 90%), or poor (< 70%), based on cut-offs used 

by Aghaabbasi et al. [50] Cohen’s kappa statistic was cate-
gorized according to Fleiss as excellent (> 0.75), fair (0.40 
to 0.75), or poor (< 0.40) [51]. The desk-based assess-
ments were considered the “test” method, and the on-site 
assessments were considered the “reference” method. 
To examine performance of the desk-based method, we 
tested for asymmetry using the McNemar test for 2 × 2 

Fig. 1 Example of a map used to conduct audits in QUALITY residential neighbourhoods. QUALITY Study, 2008–2015
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tables or the Bowker test for 3 × 3 tables. [52] Asym-
metry was not computed when there were fewer than 5 
discordant observations or when exact agreement was 
greater than 90%. We also characterized the directional-
ity of discrepancies, i.e. whether there was evidence of 
potential over- and under-detection when using the desk-
based method compared to the on-site method.

To describe street-level change over time, we com-
pared the 2008 and 2015 on-site audits, and documented 
the frequency of segment-specific street elements and 
summary scores at both time points. We repeated this 
approach with the 2015 desk-based method, which we 
compared with the 2008 on-site method (as no desk-
based audit was performed in 2008) and we examined 
discrepancies. Data were analyzed using STATA software 
(version 14).

Results
Out of a possible 300 segments from the sample of 30 
neighbourhoods, 295 distinct street segments were 
retained for analysis. Five street segments were discarded 
as four were not identified by Google Street View® and 
one was a duplicate segment (i.e., overlapped between 
two different neighbourhoods). The range of dates on 
which Google Street View® images were captured ranged 
from June 2009 to October 2015, with 85% captured 
within the year previous to data collection.

Average time to complete the audit for one neigh-
bourhood (i.e., detailed observations of 10 street seg-
ments, scan/brisk walk through the 500  m walking 
network, and scoring of questionnaire items) was 57 min 
(range = 31–88  min, SD = 16) for the desk-based audits, 
and 59 min (range = 45–130 min, SD = 15) for the on-site 
audits. The median sidewalk width was 148 cm based on 
the desk-based audit, Vs. 150 cm for the on-site audit.

Estimates of reliability between the scoring of items 
using the desk-based audit (2015) and those using the 
on-site audit (2015) appear in Table  1. The denomina-
tor reflects the total number of street segments audited 
by both methods (i.e. 295, unless otherwise indicated). 
Street-level items with a prevalence lower than 5% (for 
both methods) are not presented in the tables but are 
listed in the footnote for the sake of transparency.

Exact agreement was excellent (≥ 90%) for almost 
all street segment land use and design items, street seg-
ment installations or signs, street segment modifica-
tions and markings. Exact agreement was fair (70 to less 
than 90%) for road type, ads/commercial billboards, and 
road-sidewalk buffer zone, and poor (< 70%) for the road-
bicycle path buffer zone (computed for the 10 segments 
with bicycle paths). Exact agreement for perceived qual-
ity, safety and aesthetics items was poor to fair, ranging 
from 59.9% (extent of tree canopy) to 87.6% (proportion 

of well-maintained residences/buildings: all or almost all/
about ¾/about half or less). Exact agreement was excel-
lent for the summary variables related to traffic calming 
and pedestrian facilitators, and fair for social disorder. 
Exact agreement for general impression items was also 
poor to fair, ranging from 40.0% (effort required to get 
around on foot: none/any) to 86.7% (overall neighbour-
hood safety: very/mostly, somewhat, not at all; and gen-
eral ambiance: very, quite pleasurable/more or less, not 
at all pleasurable). Agreement based on Cohen’s kappa 
was generally consistent with those based on exact agree-
ment, except for variables with substantially skewed 
distributions; in these circumstances, kappa is not a rec-
ommended measure of reliability [49]. We only audited 
back alleys for the 4 residential segments that had one 
(out of a possible 30 index street segments). Due to this 
low frequency, no meaningful performance measures 
could be estimated and quantitative analyses for back 
alleys are not reported.

Based on the tests of asymmetry (i.e. the McNemar 
or Bowker tests), reporting discrepancies between the 
desk-based and on-site methods were observed for road 
type, ads/commercial billboards and road-sidewalk buffer 
zone. The desk-based method over-detected presence or 
frequency in comparison to the on-site method in these 
three cases. All items pertaining to perceived quality, 
safety and aesthetics were asymmetric; although no sys-
tematic over or under detection was evident, items that 
were under-reported by the desk-based method included 
deterioration of sidewalks and pavement, presence of graf-
fiti, extent of tree canopy, well-maintained residences/
buildings, and presence of decorative features. Of the 
three neighbourhood-level factor-based scores (traffic-
calming, pedestrian-facilitation, social-disorder), only the 
social disorder score was asymmetric, with more signs 
of social disorder detected with the desk-based method. 
Finally, with respect to general impression items, desk-
based audits rated neighbourhoods as less safe for pedes-
trians, requiring more effort to get around on foot or by 
bicycle, having fewer natural spaces, and having less aes-
thetic appeal, in comparison to on-site audits; no asym-
metry was observed for the other general impression 
items.

Table 2 describes changes detected over time, between 
2008 and 2015, as observed using the 2015 on-site and 
desk-based audits. In all cases, the denominator is 287, 
corresponding to the number of segments that could be 
definitively matched from 2008 to 2015 and that were 
audited using both methods. Regardless of the method 
used, substantial increases (≥ 40% difference) between 
2008 and 2015 were detected in school corridors and in 
intersection chokers, and substantial declines in 30 km/h 
speed limit signs and “Watch out for children”/ “Children 
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Table 1 Comparison of desk‑based and on‑site audits of QUALITY residential neighbourhoods in 2015 (n = 295 street segments 
across 30 neighbourhoods). QUALITY Study, 2008–2015

Characteristic
(n = 295 segments)

Exact Agreement with 
on-site audits (%)1

Kappa coefficient or 
intraclass correlation 
 coefficient1,3

Asymmetry2 (calculated only when exact 
agreement < 90%)

Significant 
asymmetry (Yes, 
No)

Directionality of desk-based 
reporting

Road and street  segment4

Land use and design

Number of street sides available for 
parking (0, 1, 2)

91.9 0.38

Number of traffic lanes (1, 2, 3 or 
more)

93.9 0.70

Traffic direction (one‑way, two‑way) 95.3 0.85

Road type (local street, minor artery, 
major or industrial artery)

81.0 0.71 Yes (p < 0.001) Scores roads as busier

Number of street sides with a side‑
walk (0, 1, 2)

94.2 0.93

Public transportation available (pre‑
sent/absent)

97.3 0.90

Predominantly residential (yes/no) 95.9 0.70

Back alleys (index street segment 
only) (present/absent)

93.3 0.76

Exterior playgrounds or fields (pre‑
sent/absent)

96.3 0.72

Any restaurant (present/absent)5 97.9 0.59

Convenience/corner store (present/
absent)

94.2 0.67

Ads/commercial billboards (present/
absent)

81.7 0.17 Yes (p < 0.0001) Reports more

Street segment installations or signs (present/absent)

Traffic lights for pedestrians 97.6 0.78

Traffic lights for cars 98.0 0.92

All‑ways stop sign 94.2 0.88

Pedestrian crossing  zone6 93.6 0.71

School corridor 93.2 0.76

30 km/h speed limit 96.6 0.84

“Watch out for children”/“Children 
playing”/Neighbourhood watch signs

91.9 0.62

Street segment modifications and markings (present/absent)

Intersection  choker7 98.6 0.88

Speed bump 99.7 0.95

Road‑sidewalk buffer zone (of seg‑
ments with sidewalks)8

76.1 0.30 Yes (p < 0.0001) Reports more

Bicycle path 97.3 0.70

Road‑bicycle path buffer  zone8 (of 
segments with bicycle paths)

53.3 – No (p = 0.450) N/A

Perceived quality, safety and aesthetics

Deteriorated sidewalks (Yes/No) 69.4 0.27 Yes (p = 0.0002) Reports less

Deteriorated pavement (Yes/No) 74.7 0.51 Yes (p < 0.0001) Reports less

Trash (present/absent) 75.6 0.03 Yes (p < 0.0001) Reports more

Graffiti (present/absent) 85.1 0.55 Yes (p = 0.0015) Reports less

Tree  canopy9 59.9 0.34 Yes (p < 0.0001) Reports fewer trees

Well‑maintained residences/buildings 
(all or almost all/about ¾/about half 
or less)

87.6 0.47 Yes (p < 0.0001) Reports lower proportion
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Table 1 (continued)

Characteristic
(n = 295 segments)

Exact Agreement with 
on-site audits (%)1

Kappa coefficient or 
intraclass correlation 
 coefficient1,3

Asymmetry2 (calculated only when exact 
agreement < 90%)

Significant 
asymmetry (Yes, 
No)

Directionality of desk-based 
reporting

Well‑maintained front yards (all or 
almost all / about ¾/about half or 
less)

68.6 0.29 Yes (p = 0.0006) Reports higher proportion

Buildings with decorative  features10 
(all or almost all / about ¾/about half 
or less)

61.9 0.40 Yes (p < 0.0001) Reports lower proportion

Summary  variables11

 > 1 traffic calming measure 93.9 0.93

 > 1 measure to facilitate pedestrians 93.6 0.95

 > 1 signs of social disorder 78.9 0.62 Yes (p < 0.0001) Reports more signs

General impression (n = 30 neighbourhoods)

Safety from vehicular traffic for pedestri-
ans (safe/a little, quite, very unsafe)

50.0 0.06 Yes (p = 0.0352) Reports less safe

Safety from vehicular traffic for cyclists 
(safe/a little, quite, very unsafe)

70.0 0.33 No (p = 0.7839)

Effort required to get around on foot 
(none/any)12

40.0 0.06 Yes (p < 0.0001) Reports more effort

Effort required to get around by bicycle 
(none/any)12

46.7 0.05 Yes (p < 0.0001) Reports more effort

Overall neighbourhood safety (very/
mostly, somewhat, not at all)

86.7 0.69 No (p = 0.1250)

Natural spaces (few/many) 63.3 0.28 Yes (p = 0.0009) Reports fewer natural spaces

Signs of social disorder (none/any) 76.7 0.44 No (p = 0.2568)

General ambiance (very, quite 
pleasurable/more or less, not at all 
pleasurable)13

86.7 0.37

General aesthetics (very, quite appeal‑
ing/more or less, not at all appealing)

80.0 0.39 Yes (p = 0.0143) Reports more appeal

1 The denominator is the total number of street segments audited by the on-site method (n = 295 for most items). Due to missing data, the denominator is 290 for 
buildings with decorative features, 293 for presence of bike lanes, and 294 for both condition of pavement and well-maintained front yards. Values in red indicate poor 
agreement; values in green indicate fair agreement
2 McNemar test of asymmetry for 2 × 2 tables, Bowker test for 3 × 3 tables; it was not computed when there were fewer than 5 discordant items (i.e. b + c less than 5) 
or agreement was greater than 90%
3 For 2 × 2 tables, simple Kappa was reported. For ordinal variables with more than 2 categories, weighted Kappa was reported. Kappa could not be calculated when 
there were too many missing data. Intraclass correlation coefficients were reported instead of Kappa coefficients for the three summary variables
4 The following items were not included in the table due to low frequency (below 5% for both methods) for the following: mid-segment stop sign, bicycle-sharing 
station, median or island (note: 12 scored with desk-based, 3 with on-site), large obstacle, signs of vandalism, condemned building, sports complex, and adequate 
street lights. Sidewalk width is also not included in this table
5 This items includes: regular restaurants, fast food restaurants, and coffee shops
6 This item includes: midsegment zebra crossing, zebra crossing at the intersection, textured intersection for pedestrians, and pedestrian crosswalk sign
7 Build-outs added to a road at or near the intersection to narrow it
8 Categories are as follow: none / buffer zone without visual obstruction, buffer zone with visual obstruction, obstruction only
9 Density of trees on the street segment and extent of the shade they create (not at all or a few / a few but isolated or only on one street side or not creating much 
shade / many)
10 Decorative features refer to items that are meant to embellish the outdoor spaces. Examples include, but are not limited to plants, flowers, well-kept bushes and 
decorative objects
11 The traffic calming measures include speed bumps, mid-segment stop signs, 30 km/h or lower speed limits, large obstacles, or traffic lights. The pedestrian-
facilitating measures include all-ways stop sign, pedestrian crossing zone [4], and dedicated traffic lights for pedestrians. Signs of social disorder include any visible 
trash, graffiti, vacant lots, or abandoned buildings. Intraclass correlation coefficients are reported
12 For effort to get around, any effort includes: a little effort / much, and a great deal of effort
13 Asymmetry was not computed here as b + c was less than 5
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playing”/Neighbourhood Watch signs. A modest decrease 
(15 to less than 40% difference) was detected in traf-
fic lights for pedestrians. Other changes over time for 
specific features were small in magnitude (5 to less than 
15% difference), with only slight discrepancies between 
methods. The only exception was for pedestrian crossing 
zone, for which a small decrease was reported using the 
on-site method and a small increase was reported using 
the desk-based method. Change observed using the sum-
mary scores pointed to a modest decrease in segments 
with any traffic-calming measures and a slight increase 
in segments with any pedestrian-facilitating measures, 
with both methods performing almost identically. On the 
other hand, change was discordant with respect to seg-
ments with any signs of social disorder, with a substantial 
increase in the number signs of social disorder detected 
using the desk-based method, and only a slight increase 
using the on-site method.

Discussion
Our aim was to estimate the measurement properties of a 
desk-based instrument designed to assess the obesogenic 
potential of neighbourhoods remotely, and to explore its 
capacity to monitor neighbourhood change over time. To 
our knowledge, the QUALITY-NHOOD tool is the first 
such instrument specifically designed to assess a wide 
spectrum of youth-relevant street-level features, notably 

those that facilitate safe, active travel to school. We found 
that the desk-based instrument performed as well as on-
site audits in most situations.

Agreement was generally excellent, especially for rela-
tively permanent items that are less seasonally variable. 
Exceptions included items that were of relatively low 
prevalence. Agreement was however poor to fair for 
items that were more qualitative in nature, variable or 
dynamic such as the presence of trash, the presence of 
decorative features and safety from traffic; this is con-
sistent with other studies that reported lower levels of 
agreement for items requiring subjective appraisal [25, 
27, 36]. Clearly, the presence of trash will vary depend-
ing on collection days and on whether debris was left 
behind; on-site audits have the advantage of partially tak-
ing into account arbitrary and seasonal variation through 
repeated measures, for example by repeating audits three 
times over nine months, an option not available using the 
desk-based method. Although items that are seasonally 
variable or highly subjective in nature may not be appro-
priate for desk-based assessment, Google Street View® 
appears to be an efficient tool for collecting data on street 
design- and road network features.

Our findings support the use of desk-based audits to 
monitor neighbourhood features with respect to their 
obesogenic potential over time. We detected a modest 
decline in traffic-calming measures, largely due to the 

Table 2 Street‑level change in QUALITY residential neigbourhoods between 2008–2015 using both desk‑based and on‑site audits 
(n = 287 Montreal street segments). QUALITY Study, 2008–2015

1 Build-outs added to a road at or near the intersection to narrow it
2 This item includes: mid-segment zebra crossing, zebra crossing at the intersection, textured intersection for pedestrians, and pedestrian crosswalk sign
3 The traffic calming measures include speed bumps, mid-segment stop signs, 30 km/h or lower speed limits, large obstacles, or traffic lights
4 The pedestrian-facilitating measures include all-ways stop sign, pedestrian crossing zone, and dedicated traffic lights for pedestrians
5 Signs of social disorder include any visible trash, graffiti, vacant lots, or abandoned buildings

Present in 2008 
(on-site audits)
n

Present in 2015 
(on-site audits)
n

Absolute Difference (% 
difference) based on 2008 
and 2015 on-site audits

Present in 2015 
(desk-based 
audits)
n

Absolute Difference (% 
difference) based on 2008 
on-site and 2015 desk-
based audits

Traffic lights for pedestrians 21 14 − 7 (− 33.3) 17 − 4 (− 19.0)

Traffic lights for cars 38 39  + 1 (+ 2.6) 41  + 3 (+ 7.9)

All‑ways stop signs 112 122  + 10 (+ 8.9) 121  + 9 (+ 8.0)

School corridor 8 46  + 38 (+ 475.0) 56  + 48 (+ 600.0)

Intersection  choker1 11 18  + 7 (+ 63.6) 18  + 7 (+ 63.6)

Pedestrian crossing  zone2 39 35 − 4 (− 10.3) 42  + 3 (+ 7.7)

30 km/h speed signs 58 30 − 28 (− 48.3) 34 − 24 (− 41.4)

“Watch out for 
children”/“Children playing”/
neighbourhood watch signs

68 31 − 37 (− 54.4) 27 − 41 (− 60.3)

 > 1 traffic calming  measure3 99 63 − 36 (− 36.4) 68 − 31 (− 31.3)

 > 1 measure to facilitate 
 pedestrians4

142 152  + 10 (+ 7.0) 157  + 15 (+ 10.6)

 > 1 sign of social  disorder5 61 65  + 4 (+ 6.6) 90  + 29 (+ 47.5)
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removal of 30  km/h speed limit signs. Although there 
was a modest overall increase in pedestrian- and school-
travel-friendly features, notably due to the increase in 
school corridors and in intersection chokers, we also 
noted a decrease in dedicated traffic lights for pedes-
trians. Due to the possible confusion in certain types of 
signs (i.e. between “Watch out for children”, “Children 
playing” and neighbourhood watch signs), changes may 
be artifactual and no firm conclusions can be made with 
respect to signs. Desk-based audits were reliable for 
assessing the food environment, but there were too few 
changes over time to comment on its suitability for moni-
toring changes in the food environment over time in our 
sample; replication in larger samples is warranted. Our 
study also suggests that in an urban setting like Mon-
treal, changes occurring within 8 years and possibly over 
an even shorter time span can easily be detected using 
Google Street View®. Moreover, specific key items, such 
as speed limit signs and marking, could reasonably be 
monitored on a yearly basis, or as images are updated.

Thus, while change detected over time was gener-
ally similar for both methods (i.e. 2008 on-site and 2015 
on-site Vs. 2008 on-site and 2015 desk-based), it was 
notably discrepant for pedestrian crossing zones. If the 
on-site method is considered to be more valid, then our 
findings suggest that desk-based monitoring of street 
signs tends to perform poorly. Performance of the desk-
based method may have been compromised if portions 
of images were obstructed by foliage or vehicles, thereby 
limiting visual interpretation, or if signs were offset from 
sidewalks. It is also possible that Google Street View®’s 
resolution was inadequate to discern smaller street signs, 
yielding misclassification for sign-type. In addition, while 
85% of Google Street View® were captured in the past 
year (2014–2015), 15% were dated prior to 2014, and in 
rare instances dated back to 2009, potentially pre-dating 
actual changes documented on-site. Nevertheless, the 
two auditing methods agreed with respect to the direc-
tionality of change in almost all instances; in the case of 
the discordant item (pedestrian crossing zone), the mag-
nitude of the discrepancy was small.

It should be considered that in some instances, the 
desk-based audit may have performed better than the on-
site audit, for example by reducing distractions, allowing 
for a more systematic audit, facility to double-check, and 
a unique overhead perspective. Moreover, although time 
to complete audits was similar, using desk-based audits 
reduces travel time and expense, as well as potential for 
harm and injury. Although we selected the on-site audit 
as the reference method and concluded that it performed 
better for assessing and monitoring signs of social disor-
der, apparent over-reporting when using the desk-based 

may suggest it to be a more sensitive method. Expanded 
audits using different designs may elucidate this.

Strengths of our study include the novelty, the large 
number of items measuring a variety of neighbour-
hood characteristics of relevance to children, as well 
as an extensive and rigorous training period for audi-
tors. Moreover, the inter- and intra-reliability of the on-
site audits had been previously established [21]. Some 
limitations, however, should be noted. First, this study 
was conducted in a single metropolitan area; generaliz-
ability to different urban centers is unknown. However, 
neighbourhoods were diverse with respect to area-level 
socioeconomic status and population density, and some 
segment-specific items are likely to be universal. Sec-
ond, while geospatial coverage of Google Street View® is 
broad and considerable, it is not geographically complete: 
indeed, images were only available in areas accessible to 
cars. The on-site audits had included park assessments 
[53], a component not yet possible with the desk-based 
method. Furthermore, while we used the most recent 
Google Street View® images available at the time of data 
collection, the range of dates on which the images were 
captured (2009 to 2015) might have introduced a selec-
tion bias. As 85% of the images were captured within the 
year previous to data collection, we consider this possible 
bias as minimal.

Conclusion
We conclude overall that the QUALITY-NHOOD desk-
based audit tool is adequate for evaluating and monitor-
ing changes in pedestrian- and traffic-related features 
applicable to pediatric populations. Neighbourhood-
level variation in obesity has been well established, but 
specific targets for intervention are less clear. Designing 
safe and connected walking and cycling infrastructure 
is a key component of neighbourhoods prioritizing the 
promotion of more physically active lifestyles. Identifi-
cation of additional salient obesogenic features remain 
a research priority, but evaluating the impact of simple 
modifications in urban design is warranted, as is deter-
mining if the addition of some features can compensate 
for the loss of others. Accurate audits of neighbourhoods 
would allow us to monitor the magnitude of changes 
and the effectiveness of interventions, both of which are 
needed to inform policy. The QUALITY-NHOOD tool is 
a valid and feasible method for assessing street-level fea-
tures of the built environment that may influence obesity 
by promoting or hindering active lifestyles; it may also 
be considered to monitor the food environment. Future 
analyses will incorporate changes in associated lifestyle 
behaviours, providing a strong inferential basis with 
which to identify targets that are not only amenable to 



Page 10 of 11Roberge et al. International Journal of Health Geographics            (2022) 21:2 

change through policy or other measures, but that are 
also the most salient for health.

Abbreviations
QUALITY: QUebec Adipose and Lifestyle InvesTigation in Youth; NHOOD: 
NeigHbourhood Obesogenic pOtential Diagnosis; SD: Standard deviation.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12942‑ 022‑ 00301‑8.

Additional file 1. Street segment form (46 items).

Acknowledgements
Dr. Marie Lambert (July 1952 – February 2012), pediatric geneticist and 
researcher, initiated the QUALITY cohort. Her leadership and devotion to 
QUALITY will always be remembered and appreciated. The cohort integrates 
members of TEAM PRODIGY, an inter‑university research team including 
Université de Montréal, Concordia University, Centre INRS—Institut Armand‑
Frappier, Université Laval, and McGill University. The research team is grateful 
to all the children and their families who took part in this study, as well as the 
technicians, research assistants, and coordinators involved in the QUALITY 
cohort project.

Authors’ contributions
Jean‑Baptiste Roberge: Conceptualization, study design, data collection, data 
analysis, data interpretation, draft of initial manuscript, reviewed and revised 
the manuscript; Gisèle Contreras: Study design, data analysis, data interpreta‑
tion, reviewed and revised the manuscript; Lisa Kakinami: Data interpretation, 
reviewed and revised the manuscript; Andraea Van Hulst: Data interpretation, 
reviewed and revised the manuscript; Mélanie Henderson: Data interpretation, 
reviewed and revised the manuscript; Tracie A Barnett: Conceptualization, 
study design, coordinate and supervised data collection, data analysis, data 
interpretation, critically reviewed the manuscript for important intellectual 
content. All authors submitted and agree to be accountable for all aspects of 
the work. All authors read and approved the final manuscript.

Funding
The QUALITY cohort is funded by the Canadian Institutes of Health Research 
(#OHF‑69442, #NMD‑94067, #MOP‑97853, #MOP‑119512), the Heart and 
Stroke Foundation of Canada (#PG‑040291) and Fonds de la Recherche en 
Santé du Québec. Tracie A Barnett holds a Fonds de Recherche du Québec‑ 
Santé Senior salary award; Lisa Kakinami holds a Junior 1 salary award and 
Mélanie Henderson holds a Junior 2 salary award from the same institution. 
Mélanie Henderson also holds a Diabetes Junior Investigator Award from the 
Canadian Society of Endocrinology and Metabolism – AstraZeneca. These 
funding agencies were not involved in the study design, the collection, 
analysis, and interpretation of data, the writing of the report, and the decision 
to submit the manuscript for publication.

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate
The ethics review boards of CHU Sainte‑Justine and the Quebec Heart and 
Lung Institute University approved the study protocol. Written informed 
consent was obtained from both biological parents, and assent was provided 
by children.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Author details
1 Centre de Recherche du Centre Hospitalier Universitaire Sainte‑Justine, 3175 
Chemin de la Côte‑Sainte‑Catherine, Montreal, QC) H3T 1C5, Canada. 2 Faculty 
of Medicine, Université de Montréal, 2900 Boulevard Édouard‑Montpetit, 
Montreal, QC) H3T 1J4, Canada. 3 Epidemiology and Biostatistics Unit, INRS 
Institut Armand‑Frappier, 531 Boulevard Des Prairies, Laval, QC) H7V 1B7, 
Canada. 4 Institut de La Statistique du Québec, 1200 Avenue McGill college 5e 
ÉtageH3B 4J8, Montreal, QC), Canada. 5 Department of Mathematics, Concor‑
dia University and PERFORM Centre, 7200 Rue Sherbrooke Ouest, Montreal, 
QC) H4B 1R6, Canada. 6 Ingram School of Nursing, McGill University, 680 Rue 
Sherbrooke Ouest #1800, Montreal, QC) H3A 2M7, Canada. 7 Department 
of Pediatrics, Université de Montréal, 2900 Boulevard Édouard‑Montpetit, Mon‑
treal, QC) H3T 1J4, Canada. 8 Département de médecine sociale et préventive, 
École de santé publique de l’Université de Montréal, 5858 Côte‑des‑Neiges 
Rd., Montréal, Canada. 9 Department of Family Medicine, McGill University, 
5858 Côte‑des‑Neiges Rd., Montreal, QC) H3S 1Z1, Canada. 

Received: 30 December 2021   Accepted: 15 March 2022

References
 1. Roberts KC, Shields M, de Groh M, Aziz A, Gilbert JA. Overweight and 

obesity in children and adolescents: results from the 2009 to 2011 Cana‑
dian Health Measures Survey. Health Rep. 2012;23(3):37–41.

 2. van der Klaauw AA, Farooqi IS. The Hunger Genes: Pathways to Obesity. 
Cell. 2015;161(1):119–32.

 3. Bleich SN, Segal J, Wu Y, Wilson R, Wang Y. Systematic review of 
community‑based childhood obesity prevention studies. Pediatrics. 
2013;132(1):e201–10.

 4. Showell NN, Fawole O, Segal J, Wilson RF, Cheskin LJ, Bleich SN, et al. A 
systematic review of home‑based childhood obesity prevention studies. 
Pediatrics. 2013;132(1):e193‑200.

 5. Oliver M, Mavoa S, Badland H, Parker K, Donovan P, Kearns RA, et al. 
Associations between the neighbourhood built environment and out of 
school physical activity and active travel: an examination from the Kids in 
the City study. Health Place. 2015;36:57–64.

 6. Laxer RE, Janssen I. The proportion of youths’ physical inactivity attribut‑
able to neighbourhood built environment features. Int J Health Geogr. 
2013;12:31.

 7. Kligerman M, Sallis JF, Ryan S, Frank LD, Nader PR. Association of neigh‑
borhood design and recreation environment variables with physical 
activity and body mass index in adolescents. Am J Health Promot. 
2007;21(4):274–7.

 8. Mecredy G, Pickett W, Janssen I. Street connectivity is negatively associ‑
ated with physical activity in Canadian youth. Int J Environ Res Public 
Health. 2011;8(8):3333–50.

 9. Carver A, Timperio AF, Crawford DA. Neighborhood road environments 
and physical activity among youth: the CLAN study. J Urban Health. 
2008;85(4):532–44.

 10. Gardsjord HS, Tveit MS, Nordh H. Promoting youth’s physical activity 
through park design: linking theory and practice in a public health 
perspective. Landsc Res. 2014;39(1):70–81.

 11. Hsieh S, Klassen AC, Curriero FC, Caulfield LE, Cheskin LJ, Davis JN, et al. 
Built environment associations with adiposity parameters among over‑
weight and obese hispanic youth. Prev Med Rep. 2015;2:406–12.

 12. Powell LM, Chaloupka FJ, Slater SJ, Johnston LD, O’Malley PM. The 
availability of local‑area commercial physical activity‑related facilities 
and physical activity among adolescents. Am J Prev Med. 2007;33(4 
Suppl):S292‑300.

 13. Smith M, Hosking J, Woodward A, Witten K, MacMillan A, Field A, et al. 
Systematic literature review of built environment effects on physical 
activity and active transport—an update and new findings on health 
equity. Int J Behav Nutr Phys Act. 2017;14:158.

https://doi.org/10.1186/s12942-022-00301-8
https://doi.org/10.1186/s12942-022-00301-8


Page 11 of 11Roberge et al. International Journal of Health Geographics            (2022) 21:2  

 14. Timperio A, Jeffery RW, Crawford D, Roberts R, Giles‑Corti B, Ball K. 
Neighbourhood physical activity environments and adiposity in children 
and mothers: a three‑year longitudinal study. Int J Behav Nutr Phys Act. 
2010;7:18.

 15. Bell J, Wilson JS, Liu GC. Neighborhood greenness and 2‑Year 
changes in body mass index of children and youth. Am J Prev Med. 
2008;35(6):547–53.

 16. Sanders T, Feng X, Fahey PP, Lonsdale C, Astell‑Burt T. Green Space and 
child weight status: does outcome measurement matter? Evidence from 
an Australian longitudinal study. J Obes. 2015;2015:194838.

 17. Morgan Hughey S, Kaczynski AT, Child S, Moore JB, Porter D, Hibbert J. 
Green and lean: Is neighborhood park and playground availability associ‑
ated with youth obesity? Variations by gender, socioeconomic status, and 
race/ethnicity. Prev Med. 2017;95(Suppl):S101–8.

 18. Grafova IB. Overweight children: assessing the contribution of the built 
environment. Prev Med. 2008;47(3):304–8.

 19. Cohen DA, Han B, Isacoff J, Shulaker B, Williamson S, Marsh T, et al. Impact 
of park renovations on park use and park‑based physical activity. J Phys 
Act Health. 2015;12(2):289–95.

 20. Vanwolleghem G, Van Dyck D, Ducheyne F, De Bourdeaudhuij I, Cardon G. 
Assessing the environmental characteristics of cycling routes to school: a 
study on the reliability and validity of a Google Street View‑based audit. 
Int J Health Geogr. 2014;13:19.

 21. Van Hulst A, Gauvin L, Kestens Y, Barnett TA. Neighborhood built and 
social environment characteristics: a multilevel analysis of asso‑
ciations with obesity among children and their parents. Int J Obes. 
2013;37(10):1328–35.

 22. Gauvin L, Richard L, Craig CL, Spivock M, Riva M, Forster M, et al. From 
walkability to active living potential: an “ecometric” validation study. Am J 
Prev Med. 2005;28(2 Suppl 2):126–33.

 23. Mujahid MS, Diez Roux AV, Morenoff JD, Raghunathan T. Assessing the 
measurement properties of neighborhood scales: from psychometrics to 
ecometrics. Am J Epidemiol. 2007;165(8):858–67.

 24. Brownson RC, Hoehner CM, Day K, Forsyth A, Sallis JF. Measuring the built 
environment for physical activity: state of the science. Am J Prev Med. 
2009;36(4 Suppl):S99‑123.e12.

 25. Charreire H, Mackenbach JD, Ouasti M, Lakerveld J, Compernolle S, 
Ben‑Rebah M, et al. Using remote sensing to define environmental char‑
acteristics related to physical activity and dietary behaviours: a systematic 
review (the SPOTLIGHT project). Health Place. 2014;25:1–9.

 26. Steinmetz‑Wood M, Velauthapillai K, O’Brien G, Ross NA. Assessing the 
micro‑scale environment using Google Street View: the Virtual Systematic 
Tool for Evaluating Pedestrian Streetscapes (Virtual‑STEPS). BMC Public 
Health. 2019;19(1):1246.

 27. Bethlehem JR, Mackenbach JD, Ben‑Rebah M, Compernolle S, Glonti K, 
Bardos H, et al. The SPOTLIGHT virtual audit tool: a valid and reliable tool 
to assess obesogenic characteristics of the built environment. Int J Health 
Geogr. 2014;13:52.

 28. Griew P, Hillsdon M, Foster C, Coombes E, Jones A, Wilkinson P. Develop‑
ing and testing a street audit tool using Google Street View to measure 
environmental supportiveness for physical activity. Int J Behav Nutr Phys 
Act. 2013;10:103.

 29. Clarke P, Ailshire J, Melendez R, Bader M, Morenoff J. Using Google Earth 
to conduct a neighborhood audit: reliability of a virtual audit instrument. 
Health Place. 2010;16(6):1224–9.

 30. Rundle AG, Bader MDM, Richards CA, Neckerman KM, Teitler JO. Using 
Google street view to audit neighborhood environments. Am J Prev Med. 
2011;40(1):94–100.

 31. Badland HM, Opit S, Witten K, Kearns RA, Mavoa S. Can virtual streetscape 
audits reliably replace physical streetscape audits? J Urban Health. 
2010;87(6):1007–16.

 32. Ben‑Joseph E, Lee JS, Cromley EK, Laden F, Troped PJ. Virtual and actual: 
relative accuracy of on‑site and web‑based instruments in auditing the 
environment for physical activity. Health Place. 2013;19:138–50.

 33. Odgers CL, Caspi A, Bates CJ, Sampson RJ, Moffitt TE. Systematic 
social observation of children’s neighborhoods using Google Street 
View: a reliable and cost‑effective method. J Child Psychol Psychiatry. 
2012;53(10):1009–17.

 34. Phillips CB, Engelberg JK, Geremia CM, Zhu W, Kurka JM, Cain KL, et al. 
Online versus in‑person comparison of Microscale Audit of Pedestrian 

Streetscapes (MAPS) assessments: reliability of alternate methods. Int J 
Health Geogr. 2017;16(1):27.

 35. Kelly CM, Wilson JS, Baker EA, Miller DK, Schootman M. Using Google 
Street View to audit the built environment: inter‑rater reliability results. 
Ann Behav Med. 2013;45(Suppl 1):S108–12.

 36. Wilson JS, Kelly CM, Schootman M, Baker EA, Banerjee A, Clennin M, et al. 
Assessing the built environment using omnidirectional imagery. Am J 
Prev Med. 2012;42(2):193–9.

 37. Mooney SJ, Bader MD, Lovasi GS, Neckerman KM, Teitler JO, Rundle AG. 
Validity of an ecometric neighborhood physical disorder measure con‑
structed by virtual street audit. Am J Epidemiol. 2014;180(6):626–35.

 38. Mooney SJ, Bader MDM, Lovasi GS, Teitler JO, Koenen KC, Aiello AE, et al. 
Street audits to measure neighborhood disorder: virtual or in‑person? 
Am J Epidemiol. 2017;186(3):265–73.

 39. Physical status: the use and interpretation of anthropometry. Report of 
a WHO Expert Committee. World Health Organization technical report 
series. 1995;854:1–452.

 40. Lambert M, Van Hulst A, O’Loughlin J, Tremblay A, Barnett TA, Charron 
H, et al. Cohort profile: the Quebec adipose and lifestyle investigation in 
youth cohort. Int J Epidemiol. 2012;41(6):1533–44.

 41. Daniel M, Y K. MEGAPHONE: Montreal Epidemiological and Geographi‑
cal Analysis of Population Health Outcomes and Neighbourhood Effects 
(fully relational, semi‑automated geographic information system integrat‑
ing extensive inventories of social/physical environmental exposure 
and health outcomes data). In: Montréal CdrdChdlUd, editor. Montreal, 
Canada2007.

 42. Paquet C, Cargo M, Kestens Y, Daniel M. Reliability of an instrument 
for direct observation of urban neighbourhoods. Landsc Urban Plan. 
2010;97:194–201.

 43. Paquet C, Cargo M, Kestens Y, Daniel M. Reliability of an instrument 
for direct observation of urban neighbourhoods. Landsc Urban Plan. 
2010;97(3):194–201.

 44. Hoehner CM, Ivy A, Ramirez LK, Handy S, Brownson RC. Active neighbor‑
hood checklist: a user‑friendly and reliable tool for assessing activity 
friendliness. Am J Health Prom. 2007;21(6):534–7.

 45. Pikora TJ, Bull FC, Jamrozik K, Knuiman M, Giles‑Corti B, Donovan RJ. 
Developing a reliable audit instrument to measure the physical environ‑
ment for physical activity. Am J Prev Med. 2002;23(3):187–94.

 46. QUebec Adipose and Lifestyle InvesTigation in Youth Montréal: Centre 
de recherche du CHU Sainte‑Justine; 2009 [updated 2017/08/30. http:// 
www. etude quali tystu dy. ca.

 47. Barnett TA, Ghenadenik AE, Van Hulst A, Contreras G, Kestens Y, Chaix 
B, et al. Neighborhood built environment typologies and adiposity in 
children and adolescents. Int J Obes. 2021.

 48. Pontius RG, Millones M. Death to Kappa: birth of quantity disagreement 
and allocation disagreement for accuracy assessment. Int J Remote Sens. 
2011;32(15):4407–29.

 49. Sim J, Wright CC. The kappa statistic in reliability studies: use, interpreta‑
tion, and sample size requirements. Phys Ther. 2005;85(3):257–68.

 50. Aghaabbasi M, Moeinaddini M, Shah MZ, Asadi‑Shekari Z. Addressing 
issues in the use of Google tools for assessing pedestrian built environ‑
ments. J Transp Geogr. 2018;73:185–98.

 51. Fleiss JL, Levin B, Cho PM. Statistical Methods for Rates and Proportions. 
3rd ed. New York: Wiley; 2003.

 52. Barlow W. Modeling of Categorical Agreement. In: Armitage P, Colton T, 
editors. The Encyclopedia of Biostatistics. New York: Wiley; 1998. p. 541–5.

 53. Bird ME, Datta GD, van Hulst A, Kestens Y, Barnett TA. A reliability assess‑
ment of a direct‑observation park evaluation tool: the parks, activity and 
recreation among kids (PARK) tool. BMC Public Health. 2015;15:906.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

http://www.etudequalitystudy.ca
http://www.etudequalitystudy.ca

	Validation of desk-based audits using Google Street View® to monitor the obesogenic potential of neighbourhoods in a pediatric sample: a pilot study in the QUALITY cohort
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study sample
	Measures
	Instrument
	Data collection

	Analyses
	Results
	Discussion
	Conclusion
	Acknowledgements
	References




