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Abstract

Background The growth of urban dwelling populations globally has led to rapid increases of research and policy
initiatives addressing associations between the built environment and physical activity (PA). Given this rapid prolifera-
tion, it is important to identify priority areas and research questions for moving the field forward. The objective of this
study was to identify and compare research priorities on the built environment and PA among researchers and knowl-
edge users (e.g., policy makers, practitioners).

Methods Between September 2022 and April 2023, a three-round, modified Delphi survey was conducted

among two independent panels of international researchers (n =38) and knowledge users (n =23) to identify similari-
ties and differences in perceived research priorities on the built environment and PA and generate twin ‘top 10'lists
of the most important research needs.

Results From a broad range of self-identified issues, both panels ranked in common the most pressing research
priorities including stronger study designs such as natural experiments, research that examines inequalities and ineg-
uities, establishing the cost effectiveness of interventions, safety and injuries related to engagement in active
transportation (AT), and considerations for climate change and climate adaptation. Additional priorities identified
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by researchers included: implementation science, research that incorporates Indigenous perspectives, land-use
policies, built environments that support active aging, and participatory research. Additional priorities identi-
fied by knowledge users included: built environments and PA among people living with disabilities and a need
for national data on trip chaining, multi-modal travel, and non-work or school-related AT.

Conclusions Five common research priorities between the two groups emerged, including (1) to better understand
causality, (2) interactions with the natural environment, (3) economic evaluations, (4) social disparities, and (5) pre-
ventable AT-related injuries. The findings may help set directions for future research, interdisciplinary and intersectoral

collaborations, and funding opportunities.

Keywords Built environment, Physical activity, Delphi, Knowledge gaps, Knowledge translation

Introduction

Habitual physical activity (PA) improves health and
well-being and helps to reduce the risk for injury, many
chronic conditions and premature mortality [1, 2].
However, prevailing inactive lifestyles mean inadequate
numbers of children and adults meet national and inter-
national PA guidelines for health benefits [3]. There is
growing recognition that ecological models can con-
tribute to enhancing understanding of the facilitators
and barriers to PA, notably as related to the influence of
various aspects of the built environments on individual
and social behaviours [4]. Built environments reflect
the design and layout of the communities in which peo-
ple live, work, learn and play and include land use for
buildings and grounds, road and transit infrastructure,
and parks and recreation facilities. In their review of
the literature, Sallis et al. framed that the built environ-
ment exerts influence on PA behaviours in four key life
domains: leisure/recreation, work/education, transpor-
tation, and household [4]. While the need for multiple
levels of built environment interventions and policies
related to PA are widely acknowledged, continuing chal-
lenges include identification of the optimal combination
of study designs, target groups, built environment attrib-
utes, and policy processes to elevate understanding of
which environmental changes will be most beneficial for
PA promotion within and across populations [3].

The last two decades have seen a proliferation in the
number of published studies investigating features of
the built environment related to PA [5-8]. This is likely
attributed to numerous factors including increased pol-
icy attention, availability of population- and place-based
data sources, and targeted research funding opportu-
nities examining obesogenic environments and rapidly
growing urban settlements. Urban habitats continue to
grow globally with 7 out of 10 people expecting to live
in cities by 2050 [9]. In many high-income countries
such as Canada, the ratio of urban-to-rural popula-
tion ratio has already reached 80:20 [10]. Such shifting
demographics along with social lifestyle changes have
become the subject of many studies examining both

broad and specific features of the built environment and
PA [11-26].

Some members of the authorship group previously
conducted a series of overviews of reviews to understand
the current state of the evidence for built environments
and PA across the life course [27, 28]. Evidence from the
overviews suggest there is moderate-to-high certainty
of positive associations between environments that sup-
port active transportation (AT; e.g., sidewalks, paths) and
transport-related PA among youth and adults [27, 28].
Among youth, high certainty evidence suggests positive
associations between play streets (i.e., closing a street
to traffic) and PA, and between schoolyard design and
PA [27]. Additionally, among adults, point of decision
prompts such as signs to take the stairs, lead to increases
in total PA [28]. The overviews identified gaps in the sys-
tematic review evidence such as a lack of research on pre-
school aged children, occupational PA, and the need for
a life course perspective. Additional priorities included
location-based approaches (e.g., studies that combine
GPS with accelerometers) to capture the built environ-
ment where PA is taking place, and research to estab-
lish whether the built environment causally affects PA
including evaluation of interventions and natural experi-
ments [27, 28]. However, these overview-identified pri-
orities do not necessarily represent all available evidence
given the exponential growth of the literature in more
recent years. Additionally, priorities identified within
review evidence may not necessarily represent the most
important priority areas for moving the field forward or
for the advancement of policy and intervention design
and implementation as they are most often generated
by researchers rather than knowledge users (e.g., policy
makers, practitioners).

To inform collaborative research between researchers
and knowledge users, there is a need to identify shared
research priorities to direct activities and practice. The
Delphi method is a practical and structured means to
obtain professional knowledge to derive a consensus
from among a group of experts and informed respond-
ents [29, 30] and has previously been used to identify
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research priority areas related to PA [31-33]. Participant
anonymity is retained throughout the whole process and
participants receive information in subsequent rounds on
ratings from all respondents. A Delphi method can help
to identify important areas for future research and to
establish research priorities within the broader research
and knowledge user communities.

The objective of this study was to identify and com-
pare the ‘top 10’ research priorities on the built environ-
ment and PA from the perspectives of both researchers
and knowledge users. Specifically, the study aimed to
answer the question: what are the most important priori-
ties requiring further study on human-made or modified
aspects of the physical environments and their impacts
on PA? The results are expected to help inform future
research and further research priority setting activities;
in particular, it represents valuable information for pro-
gram and research funding organizations.

Methods

Study design and recruitment

A three-round, twin-panel modified Delphi survey
method [30] was conducted among two independent
groups (virtual panels) of researchers and knowledge
users. The study targeted Canadian and international
participants working in the field of the built environment
and PA. Researchers were defined as individuals who
carry out research activities related to the built environ-
ment and PA as their primary occupation [34]. Knowl-
edge users were defined as individuals whose work is
related to health policies, programs and/or practices and
regularly apply or use research findings in their work
[34]. Knowledge users could include, but were not limited
to, practitioners including urban planners, policy mak-
ers, educators, decision makers, health care administra-
tors, community leaders, or individuals working in public
organizations. Ultimately, while specific individuals or
organizations were identified as researchers or knowl-
edge users, respondents were asked to self-identify dur-
ing the survey as a researcher or knowledge user based
on the above definitions.

The two panels were identified using active purposive
sampling. Researchers were identified using four sources:
1) first authors from the individual reviews published in
the last 10years that were included in the built environ-
ment and PA overviews of reviews [27, 28, 35]; 2) first
authors with five or more papers cited in the systematic
reviews included in the overview of reviews [27, 28, 35];
3) top cited authors (h-index >15) identified in a Scopus
‘Researcher Discovery’ search for “built environment
and physical activity”; and, 4) researchers whose projects
were related to PA and the built environment and were
funded by the Canadian Institutes of Health Research
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(CIHR) Healthy Cities Research Initiative [36]. Knowl-
edge users were identified using four sources: 1) Cana-
dian Federal agencies; 2) non-Federal Canadian agencies/
organizations; 3) non-Canadian agencies/organiza-
tions; and 4) researcher suggested agencies/organiza-
tions obtained through round 1 of the researcher survey.
International organizations working in these areas were
identified using a grey literature scan. A conscious effort
was made to identify a diverse group of respondents who
conduct or use research on underserved areas or issues
such as rural and urban design, women, minorities, those
with a disability, and seniors. While these areas were tar-
geted, those invited did not always agree to participate.

Survey procedure

The modified Delphi method included three rounds of
web-based surveys. Participants were contacted by email
and invited to participate in the survey process with a
direct web link to the survey. Communication and sur-
veys were available in both English and French and the
Round 1 survey was piloted in a group of knowledge
user and researcher volunteers (n =4) who did not par-
ticipate in the study to ascertain time to completion and
clarity. No changes were needed based on feedback. Par-
ticipants were provided 3 weeks to complete each round
with weekly reminders. The researcher round 1 survey
commenced September 2022 and once closed, the knowl-
edge user round 1 survey commenced October 2022. All
three rounds were completed between September 2022
and April 2023 with approximately 4 weeks between each
round. Microsoft Forms was used to collect responses
for round 1 and Qualtrics surveys were used for rounds
2 and 3. Only those who completed each round were
invited to participate in subsequent rounds. Participants
were not made aware of the other panel until the begin-
ning of the third round.

The first round asked participants to provide back-
ground demographic information to identify who the
respondents were and the representativeness of those
included in the process. They were then asked to pro-
vide their expert input on what they believe were the five
highest priority gap research areas for the built environ-
ment and PA using open-ended questions. The round 1
researcher survey also asked respondents to identify any
important knowledge users who worked in built envi-
ronments and PA; eight knowledge users identified by
researchers agreed to participate. Supplementary data
file 1 provides a copy of the round 1 survey. At the end of
round 1, one author (SAP) undertook a content analysis
[37] to identify unique gaps submitted by all participants.
The identified gaps were verified by the second author
(JJL). If disagreements or discrepancies occurred, con-
sensus was achieved through discussion between the two
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authors. Where possible, the original suggested text was
retained. Gap phrasing was not necessarily kept the same
between the panels.

In round 2, participants were asked to rate and rank
the level of importance for each gap area identified from
their respective panel in round 1. The list appeared in
random order. Respondents were invited to first rate the
importance of each research gap area from 1 (low impor-
tance) to 5 (high importance) and then to select 10 gaps
that they felt were the most important. Upon identifying
the 10 gaps, respondents were asked to rank order these
gaps based on importance (1 =most important, 10=least
important). Based on the average rating and ranking, a
top 20 list for each group was generated and provided to
respondents in the third round.

The third round provided respondents with a list of
the top 20 research gaps identified by their respective
panel in round 2 including their round 2 importance
scores and ranking. The list was created based on the
frequency of appearance in the top 10 lists in round 2,
followed by the average importance rating scores, and
finally the rankings within the top 10 lists. Respondents
were first asked if they agreed with the list as it appeared,
or if they wanted to reorder the list and/or suggest
changes to the list including combining gaps that may be
related. If respondents agreed, the rank of the items was

__________________________

Delphi Round 1
(Survey N = 28, 41%) !

Knowledge user panel

(Survey N = 23, 33%)

l

Top 10 research
priority areas

I
1 Identify gaps in the 1
evidence

Delphi Round 2 pm——————
(Survey N=24,35%) ' ______

Delphi Round 3 f————=-

- e e =
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maintained, if not, participants had the opportunity to
reorder the list. The average ranking provided in the third
round determined the final order of the list. In addition
to ranking, gaps were eligible for revision (i.e., combined,
text change) when at least 20% of respondents suggested
the same/similar change. Neither group saw nor provided
feedback on the other group’s gap priority areas.

Data analysis

Demographic characteristics of the respondents in round
1 are presented using proportions. For each round, the
quantitative data and content analysis (of the open-ended
round 1 responses) are presented.

Results

Participant characteristics

A total of 190 researchers and 69 knowledge users were
invited to participate; of these 44 (23%) researchers and
28 (41%) knowledge users agreed to participate. Figure 1
shows the participant flow through the study. A total of
38 (20%) researchers and 23 (33%) knowledge users com-
pleted all three rounds. Table 1 describes the participant
characteristics from round 1. Just over half of respond-
ents in both the ‘researcher’ and ‘knowledge user’ groups
identified as female. Most participants were from North
America, with 43% of researchers and 71% of knowledge

Delphi Round 1
,' (Survey N = 44, 23%)
I
Delphi Round 2
(Survey N =40, 21%)
I
Delphi Round 3
(Survey N = 38, 20%)

l

Top 10 research
priority areas

|oued Jaydieasay

Fig. 1 Study flow chart of participant engagement and retention across all three rounds of the twin-panelled (knowledge user panel

and researcher panel) study
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Table 1 Descriptive statistics for study panel participants during round 1
Researchers (n =44) Knowledge
users
(n=28)
Female 25 (57%) 15 (54%)
Sector
Academia 38 (86%) 4 (14%)
Not-for-profit organization 1 (2%) 9 (32%)
Government (municipal, provincial/territorial, federal) 4 (9%) 14 (50%)
Non-academic institute 1 (2%) 0 (0%)
Consulting firm 0 (0%) 1 (4%)
Position
University academic staff (e.g., researcher, lecturer, professor) 37 (84%) 5(18%)
Researcher outside of academic setting (e.g., research institute, government) 6 (14%) 5(18%)
Policy maker, planner, analyst, advisor 0 (0%) 9 (32%)
Public health practitioner 1 (2%) 5(18%)
Urban planner, civil or transport engineer, architect 0 (0%) 6 (14%)
Research coordinator/manager, project lead 0 (0%) 3(11%)
Trainee (e.g., graduate student, post-doctoral fellow) 1 (2%) 0 (0%)
Advocate 0 (0%) 1 (4%)
Country or region of residence
Canada 19 (43%) 20 (71%)
Oceania 11 (25%) 3(11%)
United States 7 (16%) 1 (4%)
South America 1 (2%) 0 (0%)
Europe 4 (9%) 4 (14%)
Africa 1(2%) 0 (0%)
Asia 1 (2%) 0 (0%)
Built environment and PA domain of focus
Transportation 29 (66%) 21 (75%)
Recreation 25 (57%) 23 (82%)
Occupation 3 (7%) 7 (25%)
School 11 (25%) 19 (68%)
All domains/total PA 22 (50%) 0 (0%)
Years of experience in research
<1-5years 5(11%) -
6-10years 6 (14%) -
>10years 33 (75%) -
Age group focus of research (could select more than one option)
Preschool children (4 years and younger) 7 (16%) -
Primary school-aged children (5-11years) 16 (36%) -
Youth/adolescents (12-17 years) 21 (48%) -
Working-age adults (18-64years) 26 (59%) -
Older adults (65+ years) 20 (46%) -
All ages (0+ years) 12 (27%) -
Study designs most often used in research (could select more than one option)
Cross-sectional studies 39 (89%) -
Prospective cohort studies 26 (59%) -
Qualitative studies 25 (57%) -
Systematic reviews and meta-analyses 24 (55%) -
Natural experiments 20 (46%) -
Quasi-experimental studies (e.g., pre-post, non-controlled trials) 19 (43%) -
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Table 1 (continued)
Researchers (n =44) Knowledge
users
(n=28)
Randomized controlled trials 10 (23%) -
Ecological studies 9(21%) -
Case-control studies 3 (7%) -
Frequency of use of research related to built environment and PA
Always (approximately every day) - 7 (25%)
Frequently (several times per month) - 13 (30%)
Occasionally (about once per month) - 4 (14%)
Rarely or never (less than once per month) - 4 (14%)
Sources of research evidence used (could select more than one option)
Peer-reviewed publications - 25 (89%)
Organizational reports or newsletters - 23 (82%)
Experts - 23 (82%)
Conference presentations and/or abstracts - 21 (75%)
Other (e.g., news media, professional associations, web-based data) - 3(11%)

PA physical activity

users from Canada. Among researchers, the majority
(86%) were from academia, were employed in a tradi-
tional university academic appointment (84%), and had
10+ years of experience (75%). Researchers studied a
variety of age groups, with preschool aged children being
the least studied. Additionally, most researchers reported
that cross-sectional studies were the study design most
often used in their research, with randomized controlled
trials, ecological studies and case-control studies being
used the least. Among knowledge users, most were from
some level of government (50%) or not-for-profit organi-
zations (32%), 36% identified as also having a research
role, always or frequently used research related to the
built environment and PA in their work, and consulted
a variety of sources for research evidence. Among both
groups, their work focused on the transportation and
recreation domains the most, with occupation being the
least examined.

Delphi results

During round 1, researchers submitted 144 unique
responses that were grouped into 48 research priorities
based on content (Supplementary Table 1). Knowledge
users provided 88 unique responses that were grouped
into 40 research priorities (Supplementary Table 2).

In round 2, the average rating (from 1 — least impor-
tant to 5 — most important) ranged from 2.7 to 4.4 among
researchers and 2.5 to 4.2 among knowledge users. The
rating and ranking of the round 2 priorities are also pre-
sented in Supplementary Tables 3 and 4.

In round 3, among the researchers, after the re-rank-
ing, the order changed slightly from round 2 with priori-
ties 5 (i.e., Indigenous perspectives) and 6 (i.e., land-use
policies), and 17 (i.e., residential relocation studies) and
18 (i.e., impacts in different social groups), swapping
places. Nine researchers (24%) suggested that priori-
ties 4 (i.e., inequities), and/or 11 (i.e., people living with
disability) and/or 18 (i.e., different social groups) from
round 2 be merged as they all thematically touched upon
the need for research on inequalities and differences by
social groups. Merging these three items did not change
the order of the top 10 list. “Climate change perspectives”
was removed from priority 5, as climate was addressed in
item 3 and several researchers commented that these two
topics should be separate. Among the knowledge users,
after the re-ranking, the order of the top 10 remained
unchanged. In the bottom ten there were slight changes
with priorities 13 (i.e., speed limit reduction evaluation)
and 14 (i.e., rural and non-urban communities) swap-
ping, as well as priorities 16 (i.e., urban heat islands), 17
(i.e., leisure time PA) and 18 (i.e., 15-minute neighbour-
hoods) changing places. While several knowledge users
suggested the need to merge items (e.g., priority #2 about
different social groups and #6 about built environments
among those living with disabilities), none of the sugges-
tions were identified by at least 20% of the sample. The
average ranking (1 = most important, 20 = least impor-
tant) of the top 20 in round 3 are provided in Supplemen-
tal Tables 5 and 6.

Table 2 provides the final top 10 list for researchers and
knowledge users. While the top 10 lists differed between
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Table 2 Ranked top 10 list of research priorities for the built environment and PA among researchers and knowledge users
Rank | Researchers Knowledge users
1 Implementation science research on how to use Research to better understand current inequalities and

current research findings to inform policy action to
create changes in the built environment. How to
move research into practice.

inequities* in access to built environments and how
changes in built environments can reduce social
inequalities and inequities.

2 Stronger study designs including an emphasis on
natural experiment evaluations, randomized
controlled trials (RCTs)/quasi-experimental studies
and large prospective cohort studies to establish
causation.

Research on impacts of built environments on PA for
different social groups (e.g., women, very young
children, adolescents, older adults, those with low
income, homeless, gender diverse, occupations, low
education, different ethnicities, 2SLGBTQQIA+).

3 Research to examine the interaction between
natural and built environments and climate
adaptive approaches.

Research exploring economic evaluations of AT
infrastructure that promotes PA.

4 Research on inequalities and inequities* in the
built environment for PA (e.g., women, those with
low income, gender diverse, low education,
different ethnicities, individuals living with
disability, older adults).

Research that explores the interaction between climate
change and built environments and effects on PA.

5 Research that incorporates Indigenous (e.g., truth
and reconciliation) perspectives when exploring
built environments and PA.

Longitudinal research on commute mode and health
outcomes over time.

environment affects active aging, including social
isolation (i.e., research on how to design age-
friendly communities, what built environment
features support PA among older adults?).

6 Research on land-use policies and how these Research on built environments (including barriers) and
impact on PA. PA (including AT) among people living with disabilities.
7 Research to understand how the built Stronger study designs including an emphasis on

natural experiment evaluations and large prospective
cohort studies to explore effects of changes.

8 Research to understand how changes to street
environments (e.g., slow or complete streets,
pedestrian malls, bike lanes) impact on use and
safety (e.g., less vehicle travel, reduction in
pedestrian and cyclist injuries/fatalities).

Research on built environments and injury (e.g., traffic
collisions from AT).

9 Research on cost effectiveness evaluations of built
environment interventions.

Need for national data on trip chaining (i.e., a trip that
involves multiple purposes/stops), multi-modal travel
(using more than one mode of transport for a trip), and
non-work or school AT.

10 Need for participatory processes in research to
ensure research is inclusive of a diversity of voices
and captures experiential knowledge.

Use of a systems thinking approach to AT to
understand how multiple built environment factors
influence behaviour.

Similar research priorities between researchers and knowledge users have been colour coded the same. ?Upon further review of supporting texts for these priorities,
both inequality and inequity were often used. As a result, both terms were included in this final table

AT active transportation, PA physical activity

the researcher and knowledge user groups, there were
several areas of overlap. Similar priorities between the
two groups were: stronger study designs including natu-
ral experiments (researcher priority #2, knowledge user
priorities #5+7); inequalities and inequities (researcher
priority #4, knowledge user priorities #1+2); consid-
erations for climate change (researcher priority #3,

knowledge user priority #4); cost effectiveness of inter-
ventions (researcher priority #9, knowledge user prior-
ity #3); and, safety and injuries (researcher priority #8,
knowledge user priority #8). Additional priorities iden-
tified by researchers included: implementation science
(priority #1); research that incorporates Indigenous per-
spectives (priority #5); land-use policies (priority #6);
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built environments that support active aging (priority
#7); and, participatory research (priority #10). Additional
priorities identified by knowledge users included: built
environments and PA among people living with disabili-
ties (priority #6); a need for national data on trip chain-
ing, multi-modal travel, and non-work or school-related
AT (priority #9); and, use of a systems thinking approach
to AT (priority #10).

Discussion

This study produced two lists of the top 10 research pri-
orities for the built environment and PA: one among
researchers and one among knowledge users. The top
10 research priorities from both groups addressed a
broad range of gaps from study design and methodol-
ogy, population considerations and intervention evalu-
ations, through to the need for research on specific
features of the built environment such as land-use poli-
cies and AT infrastructure. The knowledge user priori-
ties often emphasized a focus on AT, while the research
priorities were less prescriptive in terms of the types of
PA. Although the 10 priorities were identified as stand-
alone issues, it is recognized that there is likely some
interaction and overlap across them. The use of two pan-
els provides an opportunity to compare the top priorities
between researchers and knowledge users.

Similar research priorities between researchers

and knowledge users

Stronger study designs including natural experiments
(researcher priority #2, knowledge user priorities #5 + 7)

Both the researchers and knowledge users identified the
need for stronger study designs. While observational
designs have helped inform the relationship between the
built environment and PA, larger prospective studies and
rigorous evaluations using natural experiments will help
to better establish causality and improve research qual-
ity. Additionally, the knowledge user panel described the
need for longitudinal research on commute mode and
health outcomes over time. This continues to be a prior-
ity reported in the literature [11, 26-28, 38, 39]. Natural
experiments provide a means of evaluating the health
impacts of policies, programs and other interventions
that are implemented but for which the implementation
is out of the control of researchers [40, 41]. They are valu-
able for understanding what changes in the built envi-
ronment can increase PA, especially when a randomized
controlled trial would be difficult to near impossible to
implement due to an inability to randomly allocate par-
ticipants to receive a built environment intervention
(especially large-scale). In response, more recent reviews
[13, 42-44] have included an emphasis on the inclu-
sion of these study designs providing causal evidence to
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support built environment changes to increase PA (e.g.,
new infrastructure for walking, cycling and public transit
associated with an increase in total PA and transporta-
tion-related PA [13]). However, there is a continued need
to overcome biases and limitations often associated with
natural experiments (e.g., lack of random selection of
participants, control for confounding, control sites, valid
and reliable measurement of PA, and outcome reporting
bias [40, 45-47]).

Inequalities and inequities (researcher priority #4, knowledge
user priorities #1 + 2)

Both groups identified the importance for ongoing
research on inequalities and inequities in the built envi-
ronments for PA with an emphasis on understanding
differences in access and effects amongst population
sub-groups (e.g., different ethnicities, individuals liv-
ing with disability). Inequalities refer to “..differences,
variations and disparities” in PA and built environments
whereas inequities refer to unfair systematic differences
for different groups of the population that are avoidable
[48]. Understanding which groups have unequal access
to positive built environment features or for whom dif-
ferent features of the built environment enable greater
PA is imperative for the development of policies and
interventions to reduce inequalities and inequities. A
recent overview of reviews of population-based PA
promotion approaches found an inconsistent consid-
eration of equity in the evaluation of environmental
interventions [49]. Research suggests that the associa-
tion between the built environment and PA can differ
by gender [50, 51], age [52—54] and socioeconomic sta-
tus [55-57], and that inequalities exist for access to
built environments that support PA by socioeconomic
status and ethnicity [4, 58-60]. However, exploration
of effects by sub-populations remains limited [27, 28].
Other groups which are under-represented as a research
focus on access and effects of built environments for
PA include the unhoused population, new immigrants,
individuals living with a disability [61], different occupa-
tions, and members of the 2SLGBTQQIA+ community
(represents those who are two-spirit, lesbian, gay, bisex-
ual, transgender, queer, questioning, intersex, asexual,
and all other sexual orientations and genders).

Considerations for climate change (researcher priority #3,
knowledge user priority #4)

Both groups included research priorities related to the
interaction between the natural and built environments
and the importance of including considerations for cli-
mate change and climate adaptation. Climate change
poses a challenge to being physically active with higher
global temperatures, extreme weather events, and
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reduced air and water quality having negative effects
on PA levels [62]. In some instances, climate change
may extend the outdoor PA ‘season’ for northern coun-
tries like Canada and Europe [63]. The built and natural
environments can affect the sensitivity, exposure and
adaptive capacity of individuals as they engage in active
living [64]. For example, urban trees have been shown
to associate positively with PA and have the capacity to
reduce ultraviolet radiation, air and surface tempera-
tures, and air pollutants [65]. As the transportation sec-
tor is responsible for about 37% of global CO, emissions
[66], AT could be an important climate change mitigation
strategy [67, 68]. Future work is needed to explore how
environments can be designed to promote PA in a chang-
ing climate, especially for different subgroups (e.g., disad-
vantaged areas where climate risks are greater due to less
green area and tree coverage).

Cost effectiveness of interventions (researcher priority #9,
knowledge user priority #3)

Both groups included priority related to establishing the
cost effectiveness of built environment interventions.
The knowledge user priority, however, was specific to
AT infrastructure. The current global costs of physical
inactivity are estimated at INT$48 billion per year due
to the treatment of preventable non-communicable dis-
eases [69]. Economic evaluations of interventions are
important for the development of policies given the costs
associated with the interventions may be offset by the
subsequent cost savings due to the promotion of PA and
reduction of disease (i.e., cost-benefit analyses). Several
types of economic analyses are available including cost-
effectiveness, cost-benefit, cost-consequence, and social
return on investment analyses. These evaluations are
essential for comprehensive decision making and are part
of evidence-based public health to ensure the most cost-
effective interventions are identified and implemented
[70]. To date, economic evaluations have often focused
on interventions to increase AT [71], and have often
considered only reductions in all-cause mortality as ben-
efits of AT interventions [72]. There remains a need for
natural experiments of built environments to promote
PA with detailed economic evaluations [42]. Further, eco-
nomic evaluations of natural experiments must address
equity concerns, and include broader public health ben-
efits from environmental interventions [73].

Safety and injuries (researcher priority #8, knowledge user
priority #8)

Finally, both groups included priorities that discussed
safety and injuries related to engagement in AT. A sys-
tematic review of parental barriers towards children and
youth’s AT to school identified the built environment
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(e.g., street connectivity), traffic safety and distance as
some of the main barriers [74]. There is ample evidence
to suggest that the built environment and traffic safety
interventions are important correlates of injury associ-
ated with AT. For example, a study across several Cana-
dian cities found that neighbourhoods with a higher
proportion of residential land use and speed bumps were
associated with lower child pedestrian and cyclist motor
vehicle collisions [75]. Separated and protected cycling
infrastructure has also been shown to reduce collisions
and injury associated with AT [76, 77]. Most of the evi-
dence on built environment features associated with
safety and AT is cross-sectional [78], and there continues
to be a need for evaluation of the effect of built environ-
ment changes (e.g., street environments, walking and
cycling infrastructure) not only on use and PA, but also
on reduction in vehicle travel and pedestrian injury [79].
Vision Zero is a global initiative trying to address safety
using a systems approach with a goal to have zero fatali-
ties or serious injuries as a result of road traffic accidents
[80]. Evaluation and monitoring of Vision Zero is greatly
needed to assess integration and effectiveness and pro-
mote uptake.

Research priority differences between researchers

and knowledge users

Implementation science (researcher priority #1)

While there was a lot of synergy between the researcher
and knowledge user panels, there were differences. The
top priority identified by knowledge users was the need
to better understand inequalities, whereas the top pri-
ority identified by researchers was the need for imple-
mentation science research to advance current research
knowledge into action and create changes in the built
environment — how fo move research into practice.
Implementation science is a means to understand what
needs to occur for interventions established as effec-
tive in research to become implemented into stand-
ard practice including understanding the barriers and
facilitators and the strategies to overcome these bar-
riers and facilitators [81, 82]. In turn, understanding
the ‘what;, ‘for whom’ and ‘how’ an intervention and its
implementation works is essential for replication across
settings [83, 84]. Indeed, others have called for further
implementation science research to better understand
intervention effectiveness in population subgroups
and how to move intervention evidence into practice
[85-88]. Implementation science also plays a role in
reducing inequalities, by understanding for whom the
intervention works and why [89]; as such while the ter-
minology is different, it incorporates an overlapping
principle from understanding inequities (as per knowl-
edge users) [90]. Several guides and frameworks exist
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for the implementation and scale up of PA (or general)
interventions in practice [91] including the PRACTIS
guide (PRACTical planning for Implementation and
Scale-up) [82], the Framework for Effective Implemen-
tation [92], the RE-AIM (reach, effectiveness, adoption,
implementation, maintenance) framework [93], and the
Consolidated Framework for Implementation Research
(CFIR) [94, 95].

Indigenous perspectives (researcher priority #5)

Researchers identified the importance of research that
incorporate Indigenous perspectives and recognizes
truth and reconciliation when exploring built environ-
ments and PA. The United Nations Declaration on the
Rights of Indigenous Peoples (UNDRIP) recognizes that
“...respect for indigenous knowledge, cultures and tradi-
tional practices contributes to sustainable and equitable
development and proper management of the environ-
ment” [96]. This priority is well aligned with the Truth
and Reconciliation Commission of Canada’s Calls to
Action including #19 which called upon the federal gov-
ernment “..in consultation with Aboriginal peoples,
to establish measurable goals to identify and close the
gaps in health outcomes between Aboriginal and non-
Aboriginal communities..” and #89 which called upon
the federal government to “...support reconciliation by
ensuring that policies to promote PA as a fundamen-
tal element of health and well-being, reduce barriers to
sports participation, increase the pursuit of excellence in
sport, and build capacity in the Canadian sport system,
are inclusive of Aboriginal peoples” [97] In response to
the Calls to Action, Canadian federal research granting
agencies have committed to supporting new models for
Indigenous research and research training. These strat-
egies are guided by the following key principles: “self-
determination (fostering the right for First Nations, Inuit
and Métis peoples to set their own research priorities),
decolonization of research (respecting Indigenous ways
of knowing and supporting community-led research),
accountability (strengthening accountability in respect-
ing Indigenous ethics and protocols in research and iden-
tifying the benefits and impacts of research in Indigenous
communities), and equitable access (facilitating and pro-
moting equitable access and support for Indigenous stu-
dents and researchers)” [98]. The First Nation’s principles
of ownership, control, access, and possession (OCAP®)
establish how First Nations’ data and information should
be collected, protected, used, and shared [99]. Indigenous
research must be aligned with the goals and values of
Indigenous peoples [100]. Several ethical guidelines for
Indigenous health research exist including Chapter 9 of
the Tri-Council Policy Statement 2 [101].
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Land-use policies (researcher priority #6)

Researchers identified research on land-use policies and
how these impact PA as an important priority. While it
was presented as a distinct priority, elements could also
be captured under the evaluation of natural experiments.
Land-use policies are “legislative or regulatory action,
statements of intent, or guides to action issued by gov-
ernments or organizations” [102] that target urban design
such as city-level directives on residential density, street
design, park placement, public transit, etc. Most system-
atic review evidence on land-use policies is older and is
often mixed in terms of effects on PA [102, 103]. Addi-
tionally, the term “policy” is often conflated with “inter-
vention” [104]; while there appears to be a large body
of evidence supporting infrastructure (e.g., sidewalks,
mixed land use) to promote PA, less has been done to
evaluate policies (e.g., city transportation plans) [102].
While land-use policies can have positive effects, they
have also been implicated in global injury and chronic
disease through increased “..traffic exposure, noise, air
pollution, social isolation, low PA, and sedentary behav-
iours” [105]. There is a continued need to monitor and
evaluate the health consequences of urban design and for
research to inform future healthy urban design and trans-
port policies [105].

Built environment and active aging (researcher priority #7)
Researchers identified a need for research to understand
how built environments affect active aging including the
design of age-friendly communities and understanding
the features of the built environment that support PA
among older adults. This priority was also related to the
knowledge user priority #2 interested in the impacts of
built environments on PA among different social groups
including older adults. Physical inactivity is high glob-
ally (27.5%), but is higher among older age groups [106].
Aging in place is an important initiative identified by the
World Health Organization (WHO), recognizing the
growth of urban populations that are 60years and older.
The WHO has created a guide for age-friendly cities
which targets eight areas of urban living including fea-
tures of the built environment such as outdoor spaces
and buildings, transportation, and housing [107]. Most
findings on built environments and PA among older
adults are equivocal with very limited longitudinal and
experimental evidence [28, 108-110].

Participatory processes in research (researcher priority
#10)

Researchers identified the need for participatory pro-
cesses in research to ensure that research is inclusive of
a diversity of voices and captures experiential knowledge.
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This priority complements the need to address inequali-
ties, as well as the incorporation of Indigenous and spe-
cific group perspectives. Participatory research is created
and carried out with and by those who would benefit and
use the research rather than on them as ‘subjects’ [111].
Participatory research is a major value-add in research
ensuring that it is meaningful and in scope of the popu-
lation, that the context for implementation is consid-
ered, and that the results are interpreted appropriately
[111]. While participatory research has been included
in PA interventions, there are no known reviews to have
explored its use and effectiveness in built environment
and PA research.

People living with disabilities (knowledge user priority #6)
Knowledge users identified the need for research on built
environments and PA among people living with disabili-
ties. While this priority was suggested by a few to fall
under the research on impacts of built environments and
PA in different groups, it remained separate. Qualitative
evidence suggests that elements of the built environment
(e.g., benches, lighting, stop light timing) and perceived
safety may positively support neighbourhood walking
among people with a disability, however, mixed results
have been reported in quantitative studies [61]. Evidence
for built environments that support people living with
disabilities to access destinations has largely focused on
those with visual impairments, navigating crosswalks,
and the cognitive elements of navigation [112]. Future
research is needed to understand the role of the built
environment on PA amongst people with different types
of disabilities using valid and reliable measures of the
built environment specific to people with disabilities and
evaluating interventions [61, 112].

Trip chaining, multi-modal travel and non-commuting

AT (knowledge user priority #9)

Knowledge users identified a need for national data on trip
chaining (e.g., trips with multiple purposes/stops), multi-
modal travel (e.g., use of more than one mode of transpor-
tation per trip), and non-work or school-related AT. The
built environment (e.g., destinations, transit stops, popu-
lation and intersection density) has been shown to be
associated with trip chaining [113, 114] and multi-modal
travel [115], though most evidence has explored associa-
tions with AT in general. National trip chaining and travel
data is often obtained through national travel surveys that
include a single-day trip diary with origin, destination,
route, and mode features. While many countries and cit-
ies include these surveys [116—119], Canada does not cur-
rently have a national household travel survey to assess
complete daily travel patterns. Additionally, until the 2021
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Canadian Census [120], data on multi-modal travel to
work was not available.

Use of a systems thinking approach to AT (knowledge user
priority #10)

Finally, knowledge users identified the need for research
to use a systems thinking approach to AT to understand
how multiple built and other environmental factors influ-
ence travel behaviour. Systems thinking lends itself well
to the ecological model of active living [4] recognizing
that PA and AT are affected by multiple levels of influ-
ence (e.g., individual, social, environmental, policy) and
multiple factors within each level. Complex systems
methods such as participatory system mapping address
the need to engage diverse perspectives [121]. Often built
environment factors related to AT are examined individ-
ually, outside of the interaction with social and individual
factors, and often without consideration of feedback (i.e.
greater infrastructure promotes more walking which pro-
vides support to improve walking infrastructure [122]).
The application of systems approaches such as system
mapping, network analysis and system modelling have
been used in the field of PA [123], though less than more
individualistic approaches, and offer a means to consider
whole systems and “...enhance the integration of socio-
ecological models” [121]. Future work will benefit from
incorporating and merging complex systems research,
policy, and practice perspectives [121].

Comparisons to previous research agenda-setting work

Previous groups have used similar expert consultations
and consensus methods to identify priorities in the field
(and beyond). Brownson et al. reported on a research
agenda for environmental and policy approaches for pro-
moting PA in the U.S. in 2006. The agenda was similarly
developed using input from researchers and practition-
ers as part of the Physical Activity Policy Research Net-
work (PAPRN). Although this agenda was conducted in
the U.S. and almost 20years ago, it captured many simi-
lar top priority areas including population subgroups,
economic evaluation, implementation of policies, and
measurement/methodology which included natural
experiments and surveillance strategies [124]. Similarly,
Reis et al. presented a research agenda for promoting PA
in Brazil through environmental and policy approaches
developed with input from practitioners and researchers
using concept mapping in 2010—11. Among the cluster
priority areas included evaluation and impact of policies,
and economic benefits [125]. Jia et al. report on a top 10
research priority list in spatial life course epidemiology
developed during a workshop as part of an international
symposium in 2018. Similar priorities to those identified
in the present Delphi study included the use of complex
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systems (e.g., systems thinking), health equity, and
stronger study designs (by way of understanding residen-
tial self-selection, and improved exposure assessment in
prospective studies) [126]. Despite the rapid proliferation
of research, many priorities previously identified by other
groups related to the built environment and PA still exist
today.

Study limitations

While this study used purposive sampling to identify a
broad range of participants in terms of fields of study/
work and geographic representation, given the sam-
pling frame, it is not surprising that most participants
were from Canada (especially among the knowledge
users) with limited representation from low- and mid-
dle-income countries. Future work would benefit from
understanding the similar and unique priority areas in
low-, and middle- income countries. Participant demo-
graphics did suggest that there was adequate represen-
tation across the domains of built environments and PA
and population age. However, the sample of research-
ers and knowledge users are not necessarily representa-
tive of all those working in the field. Unfortunately, the
demographic information of non-respondents is una-
vailable; therefore, it is not possible to know how they
differed from the sample. Ultimately, while a top 10 list
was generated for both groups, it is possible that with a
different group of participants a different set of priori-
ties might emerge. Finally, while the lists provide direc-
tion for future research, given the rapidity in which the
field is evolving, new priorities are likely to emerge, and
an update of this Delphi exercise will likely be warranted
in 5 years.

Conclusions

This study used a modified Delphi method to identify
and compare the top research priorities for built envi-
ronments and PA among researchers and knowledge
users. Five common top priorities emerged including
the need for research using stronger study designs to
better understand causality (e.g., longitudinal studies,
natural experiments), research considering the inter-
action of natural and built environments and climate
change and adaptation, research on inequalities and
inequities in built environments and PA, economic
evaluations of interventions, and research on safety
and injuries related to engagement in AT. Most Delphi
participants were from high-income countries, future
work would benefit from understanding the similar
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and unique priority areas in low-, and middle- income
countries. These identified priorities may help to pro-
vide direction for future research, collaborations, and
the development of future funding opportunities. By
creating a focused research agenda, we hope to advance
as a unified built environments and PA research field .
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