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Abstract

A physically active lifestyle provides innumerable benefits;
vet, few individuals are physically active enough to reap
those benefits. Tailored physical activity interventions may
address low rates of physical activity by offering individualized
strategies that consider a person’s characteristics, needs,
preferences, and/or context, rather than the traditional one-
size-fits-all approach. However, the tailoring methodology

is in its nascency, and an understanding of how best to
develop such interventions is needed. In this commentary,

we identify future directions to enhance the impact of

tailored interventions designed to increase physical activity
participation. A multi-country collaborative was established to
review the literature and discuss an agenda for future research.
Two overarching research opportunities are suggested for
improving the development of tailored, behavioral physical
activity interventions: (a) optimize the engagement of diverse
knowledge users in intervention co-design and (b) examine
ethical considerations that may impact the use of technology
to support tailored physical activity delivery. Specifically, there
is a need for better reporting and evaluation of knowledge
user involvement alongside targeting diversity in the inclusion
of knowledge users. Furthermore, while technology boasts
many opportunities to increase the scale and precision of
interventions, examinations of how it impacts recipients’
experiences of and participation in tailored interventions are
needed to ensure the benefits of technology use outweigh
the risks. A better understanding of these research areas will
help ensure that the diverse needs of individuals are met,
technology is appropriately used to support tailoring, and
ultimately it improves the effectiveness of tailored physical
activity interventions.
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INTRODUCTION

Physical activity is a highly effective and practical
strategy for maintaining well-being at all ages [1].
Overwhelming scientific evidence supports the uni-
versal prescription of physical activity to improve
population health and well-being, but fewer than
20% of Canadians engage in enough physical activity
to meet physical activity guideline recommendations
[2-4]. The literature identifies many reasons for this
level of inactivity that span individual through to
policy-level barriers [5]. However, both academics

Implications
Practice: Practitioners using technology to sup-
port physical activity behavior change should be
aware of potential positive and negative patient
experiences.

Policy: Policy-makers should explore strategies
to involve those who are hardly reached in re-
search in order to diversify the applicability of
tailored physical activity interventions to margin-
alized populations.

Research: Future research should be aimed
at understanding the ethical impacts of using
technology to support tailored physical activity
interventions while reporting and evaluating
diverse knowledge wuser involvement in
intervention design.

Lay Summary

Being physically active has many social, emo-
tional, and health benefits, but very few indi-
viduals are active enough to see those benefits.
Using interventions that are tailored, in other
words, individualized to a person’s characteris-
tics, needs, preferences, and/or situation, may
help improve physical activity participation rates.
However, a better understanding of how to do
tailoring is needed. Our collaboration reviewed
the literature and convened to suggest two key
opportunities to better understand how tailored
approaches to physical activity can be done: (a)
improve engagement of those who the research
is intended for and (b) understand the ethical im-
pacts and patient/provider experience of using
technology to support tailoring.

and clinicians frequently describe a need for preci-
sion in prescribing and promoting physical activity
to improve the current situation [6-8].

To address this challenge, scientists from medi-
cine, population health, psychology, education,
and computer science, as well as patient partners
were invited as part of a university-based initiative
to support inter-disciplinary research networks.
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Members were from Canada, Denmark, the UK,
and the U.S. Group members collaborated over
a 2-year period with an in-person workshop held
on May 6-7, 2019, in Vancouver, Canada (Fig. 1).
The group discussed how physical activity might
be optimally prescribed, monitored, and promoted
with better precision to enable implementation
and scale up within and across different physical
and sociocultural environments (Fig. 2). Their goal
was to identify research opportunities to improve
the tailored approach across these research areas.
Their discussions and insights are summarized in
six papers [9-13]. In this paper, we aim to identify
future directions for improving the effectiveness of
tailored interventions to increase physical activity
participation.

TAILORING IN PHYSICAL ACTIVITY BEHAVIOR CHANGE
INTERVENTIONS: A GROWING AREA OF OPPORTUNITY

Tailoring can be defined as gathering or assessing
information from a person to develop and deliver

individualized intervention components. Unlike a
one-size-fits-all approach, individualized strategies
take into account a person’s characteristics, needs,
preferences, and context [14]. In tailoring physical
activity interventions, individual factors (e.g., psy-
chosocial factors, disease symptoms, and physical
activity history) are assessed by inquiry, observation,
or monitoring and then used to select intervention
components including behavior change techniques,
intervention delivery parameters, and physical ac-
tivity prescriptions to improve physical activity par-
ticipation [8, 15].

While researchers have called for a need for
tailored physical activity interventions [6-8], the evi-
dence for the effectiveness of tailoring is mixed. On
the one hand, evidence in support of tailoring shows
that some of the most effective physical activity be-
havior change techniques include action planning,
problem solving, and providing feedback on be-
havior, all of which rely on some form of tailoring
[16-19]. Tailored interventions assessed using

working groups IR

Working group
teleconferences

Draft papers for JRUTHEEIRGENE
the workshop

individual

working group
papers

« Identification of working group members (scientists and patient A
partners) whose expertise fit within the themes of tailored exercise
prescription, behaviour change, monitoring, sociocultural

Develop environment, physical environment, and implementation and
J
)

« Identification of current knowledge and issues/challenges across

the themes
J
~

« Preliminary identification of key issues and future research
directions for developing tailored physical activity interventions

J
)

« Presentation of draft papers

« Inter-disciplinary discussion of challenges/opportunities for
tailored PA interventions

J
)
« Development of final papers summarizing key issues and future
4 @ rescarch directions for developing tailored physical activity
QUEIIPAUREIE  interventions within each theme
J
)

« Working group papers circulated across themes for feedback and

final approval

J

Fig. 1 | Recommendation development process.
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Fig. 2 | Depiction of the broader research group including three core research themes—precision monitoring, precision prescription, and
precision behavior change—which are nestled within the context of three encompassing themes—social and cultural environment, physical

environment, and implementation and scale up.

randomized controlled trials have demonstrated
significant improvements in physical activity partici-
pation across populations with chronic disease and
disability, with effects observed up to 3 years post-
intervention [20-23]. A review of nurse-delivered
physical activity interventions demonstrated that of
15 studies that improved physical activity, 11 used
tailoring strategies such as providing motivation-
specific strategies or setting individualized goals
[24]. Furthermore, several moderators of physical
activity that signal the value of tailored interventions
have previously been identified, including gender,
age, self-efficacy, personality traits, and proximity to
recreation resources [10, 25, 26].

On the other hand, Conn et al. conducted a meta-
analysis of 358 studies of interventions aimed at
increasing physical activity among healthy adults
[27]. A sub-analysis conducted within this review
demonstrated that generic interventions (Cohen’s
d = 0.2) were more effective than tailored interven-
tions (Cohen’s d = 0.04) [27], but the robustness of
the findings was questioned as 196 generic inter-
ventions were compared to only 10 tailored inter-
ventions [27]. Furthermore, the methods used for
tailoring within the included interventions were
not provided, making it challenging to determine
the active ingredients of the tailoring interventions
and if they were delivered as intended. In a meta-
analysis of internet-based lifestyle interventions, a
sub-analysis showed that the 11 interventions that
used theory or behavioral predictors to tailor inter-
vention components showed small effects (g = 0.21;

95% CI [0.07, 0.27]) [28]. It should be noted that

support for the role of psychological theory in inter-
vention effectiveness is mixed [26, 29, 30]. Likewise,
a meta-analysis of 25 computer-tailored interven-
tions demonstrated small effects on physical activity
behavior (g = 0.16; 95% CI [0.10, 0.21]). However,
these results may be a reflection of the remote-based
delivery mode, as the overall effects across all inter-
ventions (including generic) were also small [18, 19].
Taken together, while these findings have their limi-
tations, the evidence from available meta-analyses
suggests that tailoring is either less effective than
generic interventions or only produces small effects.

To date, methods for tailoring are ill-defined
and haphazard. Limited evidence is available on
which human and contextual factors should be as-
sessed for tailoring, how the information assessed
is then translated to tailored intervention compo-
nents, and what intervention components should
be tailored (e.g., frequency, delivery modes, and
behavior change techniques) [31, 32]. In other
words, to assess whether tailoring is effective, we
need to understand “what, why, when, and how”
interventions should be tailored (Ref. 30, p. 1).
To this end, our group identified two research
opportunities to address this need to increase the
impact of tailored physical activity interventions:
(a) optimize the engagement of diverse knowledge
users in co-designing tailored interventions and (b)
examine ethical considerations that may affect the
use of technology to support tailored physical ac-
tivity delivery (for a list of other research priorities
identified in the collaboration process, please see
Supplementary Appendix A).
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PRIORITY 1: OPTIMIZE THE ENGAGEMENT OF DIVERSE
KNOWLEDGE USERS IN CO-DESIGNING TAILORED
INTERVENTIONS

Knowledge users are defined as those who are the re-
cipients of research impacts, such as patients, health
professionals delivering an intervention, funders,
and policy decision makers [33]. Support for pa-
tient/public engagement has built considerable
momentum over the last two decades, with funding
agencies recommending knowledge user partner-
ships as a means to improve research quality [34-
36]. Co-developing research with knowledge users
improves the applicability, impact, and translation
of research findings [33, 37, 38]. Furthermore, many
resources and guiding principles for engaging end-
users in intervention development have been pub-
lished [39-42]. Given the prerequisite for tailored
physical activity interventions to address individual
needs, it seems logical to engage knowledge users
to optimize the impact of tailored physical activity
interventions.

To capitalize on the value of knowledge user en-
gagement, itis essential to focus on fow and who we en-
gage. How we optimally engage knowledge users in
tailored intervention design requires a better under-
standing of the key ingredients for meaningful en-
gagement [33]. We systematically reviewed tailored
physical activity interventions designed for people
with arthritis. Of the 37 interventions identified,
10 interventions involved knowledge users in some

capacity of intervention design (Supplementary
Appendix B). Importantly, how knowledge users
were reported to be involved ranged widely and it
is unclear whether knowledge user engagement had
an impact on intervention effectiveness (Table 1).
Indeed, the process and impact of knowledge user
engagement are often under-reported and unexam-
ined [43, 44]. The GRIPP 2 is one such example of
a tool that can be used to improve knowledge user
engagement reporting [45]. It comprises a check-
list developed through international consensus that
defines key items for reporting with the intent of
improving the quality, transparency, and consist-
ency of knowledge user engagement in research
[45]. Evaluations of knowledge user engagement
have been conducted previously in the broader lit-
erature including using interviews [46], reflections
in casebooks [47, 48], and financial value estimates
[49]. Borrowing from these examples and others
who have established measuring the impact of know-
ledge user engagement as a research priority [38]
may be a tangible next step in the co-development of
tailored physical activity interventions. In summary,
improved reporting and evaluation are needed to
enhance knowledge user co-development of inter-
ventions and demonstrate the proposed value of
involving those who the intervention is intended for.

With respect to who we engage in interven-
tion co-development, the individualized nature of
tailored interventions begs the question, “who are the

Table 1 | Reporting of knowledge user involvement in the design of tailored physical activity interventions for people with arthritis

Author, year Reported knowledge user involvement in tailored intervention design

Allen et al., 2018 A multidisciplinary team, including physical therapists, physicians and a software company

developed the intervention.

Allen et al., 2020

Input was captured from patients with osteoarthritis and their partners, primary care providers and
representatives from community programs that provide physical activity resources appropriate for
patients with osteoarthritis.

Bossen et al., 2013

An iterative design methodology was used to test, analyze, and refine the intervention. Researchers
conducted a focus group, in home observations, a pilot study, and interviews. Heuristic evaluation
and a thinking aloud approach were used to determine the usability of the web-based program.
End-users (patients with knee and/or hip osteoarthritis) were involved continuously throughout
the development process.

Lamb et al,, 2015

Following a pilot study and therapist and patient recommendations, patient materials, exercise
instructions and some trial procedures were modified. This included the assessment form, an
intensity scale, and other forms used to document intervention delivery, instruction for exercise
testing, and information provided to patients at discharge from treatment.

Leeetal, 2016

The intervention was developed in consultation with a panel of experts including two
physiotherapists, a medical officer, a sport scientist, a Traditional Chinese Medicine practitioner, a
community geriatric nurse, and a social worker.

Lietal, 2017 Patient collaborators were consulted during the study design process to provide insight into patient
values and concerns about physical activity and the use of wearable activity trackers.

Lietal, 2018 A physiotherapist involved in the feasibility study provided feedback to refine the intervention.

Lietal, 2020a The intervention app was co-developed with three patient research partners and physiotherapists.

Lietal, 2020b Patient partners provided feedback on the research questions and study design. Patient partners

co-developed the intervention app, tested the beta-version, and assisted in participant
recruitment through their affiliated organizations and social media contacts.

Quicke et al,, 2018

A networking meeting was held where national experts and patients advocates agreed upon the
intervention.

References provided in Supplementary Appendix B.
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knowledge users?” Individuals experience a range
of social factors that overlap and likely moderate
tailored intervention effects (e.g., socio-economic
status, social capital, geographic location, race, em-
ployment, religion, education, gender, and sexuality)
[60]. Concerns about diversity of engagement have
been raised previously, with those who face multiple
and intersecting barriers to engagement often not
being included in the research process [43]. For ex-
ample, individuals in remote communities or who
are unable to participate due to their health or life
circumstances are underrepresented in the current
practice [51]. Indeed, engaging diverse and espe-
cially hardly reached individuals is a challenge all
co-developed research faces, but is of particular im-
portance for tailored interventions that are purported
to meet the needs of individuals. Intersectionality
explains social exclusion in terms of interconnected
and overlapping systems of oppression and discrim-
ination and may be an appropriate lens to examine
how to foster diversity in knowledge user engagement
[62]. An understanding of intersectionality could in-
form not only who should be at the table in interven-
tion development but also how diverse characteristics
may interact and influence the outcome of tailored
physical activity interventions [11].

Take-home message for tailored physical activity interven-
tion research

Engaging knowledge users may help identify and
develop effective tailoring methods that take into
account a broad range of human and contextual fac-
tors. We therefore need to both understand how to
engage knowledge users in tailored intervention de-
velopment through better reporting and evaluation
and ensure that we target diversity in our inclusion
of knowledge users. An understanding of how best
to engage diverse knowledge users in intervention
design may help refine a tailoring methodology that
is appropriate for varying ages, genders, ethnicities,
levels of education, and other individual factors that
tailored interventions are uniquely positioned to
consider.

PRIORITY 2: EXAMINE ETHICAL CONSIDERATIONS THAT
MAY IMPACT THE USE OF TECHNOLOGY TO SUPPORT
TAILORED PHYSICAL ACTIVITY DELIVERY

Many health technologies are available to equip
health professionals to deliver tailored physical ac-
tivity intervention to individuals in the community
more effectively and efficiently [28, 53, 54]. Virtual
coaching, mobile apps, and monitoring devices (e.g.,
accelerometers, GPS, and consumer wearables) ex-
tend the reach of behavior support programming to
people living in rural areas or with limited access
to transportation [55]. These programs may support
personal feedback to users when face-to-face modes
are not possible, while still providing a human con-
nection, understanding, and personal accountability

[56]. For example, fitness trackers and smartphone
apps can be used to develop personalized activity
goals, provide information about local opportunities
for physical activity, send reminders about physical
activity, deliver motivational messages, and monitor
and give feedback on activity levels, heart rate,
and distance walked [9, 57, 58]. Recent systematic
reviews and meta-analyses of interventions using
commercial wearable trackers to improve physical
activity have shown positive, small- to large-sized ef-
fects and user acceptability across healthy to chron-
ically ill groups [569-61]. Physicians, nurses, physical
therapists, kinesiologists, and pharmacists are part
of a growing list of health professionals play an inte-
gral role in delivering tailored physical activity inter-
ventions [24, 62-66]. The use of technology is has
potential to support these clinicians and improve
the feasibility of large-scale tailored physical activity
interventions.

The use of artificial intelligence and machine
learning represents some of the most recent ap-
plications of technology to tailor physical activity
interventions [31]. The Human Behavior Change
Project, for instance, is leveraging behavior change,
computer science, and information science to syn-
thesize data to predict “what works, compared with
what, how well, with what exposure, with what be-
haviors (for how long), for whom, in what settings
and why?” (Ref. 58, p. 1]. Zhou et al. employed
machine learning to predict exercise relapse using
accelerometry data [67]. The authors suggest that
this application of machine learning could help
clinicians and researchers to implement just-in-time
adaptive interventions, whereby behavioral sup-
ports (e.g., financial incentives and restructuring of
goals) are triggered in response to the objectively
measured data from accelerometry and GPS [67,
68]. Likewise, Rabbi et al. tested an app that used
machine learning to interpret physical activity pat-
terns and generate physical activity recommenda-
tions that were tailored to their past behaviors and
GPS-derived location [69]. A pilot test of the app
demonstrated significant increases in walking be-
haviors among participants with chronic pain com-
pared to controls [69]. Employing computational
modeling, such as machine learning, presents a new
approach to tailoring interventions that expands our
ability to implement single case experimental de-
signs (e.g., N-of-1 [cf. 70]) and consider temporal,
contextual, and individual components [70].

While technology is rapidly advancing and it
is exciting to consider the prospect of its role in
improving patient-provider interactions and the
tailoring methodology, we must not overlook
the limitations of technology use. This includes
the need to build capacity and skill to perform such
data analytics [70, 71], potential increases in the
ecological footprint of producing and using tech-
nologies like smartphones and wearables [71], and
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where we focus our discussion—the ethical consid-
erations of incorporating technology into tailored
physical activity interventions. Little is currently
known about how patients engage with technolo-
gies recommended or prescribed by health profes-
sionals to support their physical activity behavior
change, and about the full spectrum of positive and
negative experiences they may encounter [72-74].
We are seeing evidence of unexpected negative im-
pacts, such as increased physical pain from wearing
these devices, feelings of guilt among patients if
they do not meet their goals, drawing unwanted
attention when using these devices in public, and
concerns about privacy and data access [59, 75-78].
Additionally, both health professionals and patients
have expressed concerns about the reliability and
validity of measures derived from these technologies
[79]. If such a technology is used to tailor an inter-
vention, any associated inaccuracy may hamper re-
sults or participation. Furthermore, concerns over
privacy, discomfort, and measurement inaccuracy
may undermine shared decision-making, trust, and
partnerships within patient—provider interactions,
which are laden with power dynamics [75, 80-83].
An in-depth examination of end-users’ experi-
ences (positive and negative) of using technology
in tailored physical activity interventions would
contribute to our understanding of potential chal-
lenges. Relational ethics, because of its particular
focus on exploring ethical issues within interper-
sonal relationships in everyday life, offers an appro-
priate conceptual lens to guide examination of the
impact of these technologies on patient-provider
interactions [84].

Take-home message for tailored physical activity interven-
tion research

Technology may help health professionals tailor
physical activity by increasing reach and facilitating
the monitoring and delivery of intervention compo-
nents. Furthermore, the use of artificial intelligence
and machine learning may help accelerate our
understanding of the tailoring methodology. While
the prospect of applying technology in these ways is
exciting, we must examine how it impacts recipients’
experiences of and participation in tailored inter-
vention to ensure the positives of the technology
outweigh the negatives.

LIMITATIONS

It should be acknowledged that contributors to this
paper are limited to representation from Canada,
Denmark, the UK, and the USA. More work is
needed to understand the unique priorities in
tailored physical activity interventions within lower
income countries, particularly with respect to the
use/access of technology. The use of frameworks
such as the PROGRESS-PLUS has been suggested
previously as a practical tool for applying an equity

lens to physical activity intervention development
[85-87]. We also acknowledge that there are several
priority areas for advancing the methodology and ef-
fectiveness of tailoring that may be borrowed from
the broader health behavior literature and direct
readers to such commentaries [70, 71, 88, 89].

CONCLUSION

This paper highlights the need for better refined
methods of tailoring physical activity interventions
and suggests future research priorities to advance re-
search in individualized physical activity strategies.
Future research should examine (a) how to opti-
mize the engagement of diverse knowledge users in
tailored physical activity intervention co-design and
(b) how ethical considerations could impact the use
of technology to support tailoring. These identified
future directions may help advance this growing
area and mobilize the impact of tailored physical ac-
tivity interventions.

SUPPLEMENTARY MATERIAL

Supplementary material is available at Translational Behavioral
Medicine online.
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