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Abstract
Background Ensuring widespread COVID-19 vaccine uptake is a public health priority in Canada and globally, 
particularly within communities that exhibit lower uptake rates and are at a higher risk of infection. Public health 
units (PHUs) have leveraged many resources to promote the uptake of recommended COVID-19 vaccine doses. 
Understanding barriers and facilitators to vaccine uptake, and which strategies/resources have been used to address 
them to date, may help identify areas where further support could be provided. We sought to identify the strategies/
resources used by PHUs to promote the uptake of the first and third doses of the COVID-19 vaccine among priority 
groups in their jurisdictions. We examined the alignment of these existing strategies/resources with behavioral 
science principles, to inform potential complementary strategies/resources.

Methods We reviewed the online and in-person strategies/resources used by three PHUs in Ontario, Canada 
to promote COVID-19 vaccine uptake among priority groups (Black and Eastern European populations, and/or 
neighbourhoods with low vaccine uptake or socioeconomic status). Strategies/resources were identified from 
PHU websites, social media, and PHU liaison. We used the Behaviour Change Techniques (BCT) Taxonomy – which 
describes 93 different ways of supporting behaviour change – to categorise the types of strategies/resources used, 
and the Theoretical Domains Framework – which synthesises 14 factors that can be barriers or facilitators to decisions 
and actions – to categorise the barriers and facilitators addressed by strategies/resources.

Results PHUs operationalised 21 out of 93 BCTs, ranging from 15 to 20 BCTs per PHU. The most frequently 
operationalised BCTs were found in strategies/resources that provided information about COVID-19 infection and 
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Background
Since the COVID-19 vaccine rollout began in Canada 
in December 2020, the strong initial uptake of the first 
and second doses (primary series) tapered off, and sub-
sequent doses have not seen the same rates of uptake as 
the primary series. In Canada, 90.5% of Canadians (ages 
18+) have received at least one dose, 88.9% have com-
pleted their primary series of two doses, and 51.5% have 
completed the primary series plus one dose (as of June 
2023; [1]). Vaccination, including doses after the primary 
series (i.e., “booster doses”), helps to reduce the impact 
of COVID-19 [2, 3], which has caused 6.9 million deaths 
globally (as of June 2023; [4]). With persisting risks of 
new variants of concern emerging, the potential of addi-
tional COVID-19 waves, and waning effectiveness of vac-
cines over time, on-going vaccination concordant with 
evidence-based guidelines remains a fundamental tool 
in preventing morbidity and mortality associated with 
COVID-19 infection [5, 6]. Throughout the COVID-19 
pandemic and in general, municipal public health units 
(PHUs) in Ontario, Canada (and many other jurisdic-
tions worldwide) have been centrally positioned in sup-
porting the citizens in their jurisdictions to decide to 
and get vaccinated through local campaigns, facilities, 
and programs. This is consistent with the role that PHUs 
have more broadly in the prevention and management of 
infectious diseases in the community.

Behavioural science has an important role in public 
health crises such as a pandemic by providing tools to 
help understand and support taking up new and main-
taining existing health-protective behaviours like fol-
lowing public health and social measures to reduce the 
spread of COVID-19, such as masking, physical distanc-
ing, and vaccination [7]. As the COVID-19 virus con-
tinues to mutate and remains a public health concern, 
a particularly pertinent application of the behavioural 
sciences is to identify factors that may influence an indi-
vidual’s decision or action to get vaccinated or not and 
encourage uptake of eligible doses of COVID-19 vaccine 
[8].

There are several evidenced tools and frameworks 
available from the behavioural sciences that can provide 
the foundation for identifying barriers and facilitators 
to engaging in health-protective behaviours, includ-
ing vaccination. The Theoretical Domains Framework 
(TDF; [9, 10]) synthesises 33 theories of behaviour and 
behaviour change into 14 domains (Table  1) and has 
been used widely to explore barriers and facilitators to 
the implementation of evidence-based practices in vari-
ous health disciplines [9]. Originally developed to syn-
thesise theories of behaviour and behaviour change to 
understand health professional behaviour, the TDF has 
been applied to assess health behaviours and interven-
tions with patients and the public [11–13]. This extension 
of the TDF is consistent with much of the theory and 
models that inform the TDF, many of which have largely 
been developed originally to understand the behaviour of 
patients and the public. The TDF is a more fine-grained 
categorisation construct that aligns with the three key 
overarching capability, opportunity, and motivation fac-
tors within the Behaviour Change Wheel [14].

The Behaviour Change Technique Taxonomy (BCTT; 
[16]) consists of 93 evidence-based Behaviour Change 
Techniques (BCTs) hierarchically clustered in 16 groups 
which can be mapped onto empirically linked TDF 
domains to identify which types of BCTs may be best 
suited to address specific barriers or facilitators identi-
fied within a TDF domain [16]. For example, BCTs with 
social components may be mapped onto the Social Influ-
ences domain, and BCTs with environmental compo-
nents may be mapped onto the Environmental Context & 
Resources domain. It is common for multiple BCTs to be 
mapped onto TDF domains and vice-versa. The Theory 
and Techniques Tool facilitates the mapping of linked 
domains and BCTs, and links evidence from other behav-
ioural science frameworks, via an online matrix [17]. It 
includes a “heat map” visual style to indicate the strength 
of each link, with citations for supporting literature [17]. 
Together, the TDF and the BCTT can be used to develop 
interventions to address the barriers and facilitators to a 
given behaviour using evidence-based techniques which 

vaccines, increased access to COVID-19 vaccination, and integrated social supports such as community ambassadors 
and engagement sessions with healthcare professionals. Identified BCTs aligned most frequently with addressing 
barriers and facilitators related to Knowledge, Environmental context and resources, and Beliefs about consequences 
domains.

Conclusion PHUs have used several BCTs to address different barriers and facilitators to COVID-19 vaccine uptake for 
priority groups. Opportunities should be pursued to broaden the scope of BCTs used (e.g., operationalizing the pros 
and cons BCT) and barriers/facilitators addressed in strategies/resources for ongoing and future COVID-19 vaccine 
uptake efforts among general and prioritised populations.

Keywords COVID-19 vaccine, Booster dose, Behavioural science, Health psychology, Priority groups, Equity deserving, 
Community engagement, Vaccine uptake
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represent the ‘active ingredients’ (i.e., salient and modifi-
able factors) in behaviour change [16, 18].

Vaccine acceptance and uptake data from the first two 
years of the COVID-19 pandemic show that members 
of some equity-deserving groups, including those expe-
riencing racial, ethnic, and socioeconomic disparities, 
had lower rates of acceptance and uptake. For example, 
there is evidence to suggest that individuals from Black, 
Hispanic, and Indigenous communities were less likely to 
express vaccine acceptance than white individuals [19–
22], but vaccine hesitancy has also been found among 
white populations of various demographics, including 
Eastern European, such as Ukrainian refugees [23–25]. 
In each group, commonly reported barriers to COVID-
19 vaccination include mistrust and misinformation [20, 
22–25]. This suggests that some equity-deserving groups 
may experience unique barriers to getting vaccinated that 
approaches taken to date by PHUs have not sufficiently 
addressed [26, 27]. A 2021 behavioural science living evi-
dence synthesis by Crawshaw and colleagues [21] using 
the TDF to categorise barriers and facilitators to COVID-
19 vaccination found that of the 175 studies that reported 
on factors influencing acceptance and uptake to that 
point, 34 focused on equity-deserving groups, including 
Black and low socioeconomic status populations. Within 
these, the authors identified three predominant TDF 
domains: Social influences, Beliefs about consequences 
and Environmental context and resources. Of the barriers 

identified, concerns about vaccine safety, efficacy, and 
necessity (Beliefs about consequences), mistrust in the 
government/public health response to COVID-19 (Social 
influences), and access issues in terms of time, conve-
nience, and cost (Environmental context and resources) 
were especially common among Black populations. 
Facilitators included having access to and trust in repu-
table scientific/non-scientific information sources about 
COVID-19 and COVID-19 vaccines (Environmental con-
text and resources) and feeling at high-risk for COVID-
19 infection (Beliefs about consequences) [21]. As none 
of the literature reviewed by Crawshaw and colleagues 
[21] used a comprehensive framework such as the TDF 
to identify barriers among these groups, it is possible that 
some barriers were under-represented for some equity-
deserving communities. Additional theoretical domains 
have been implicated in the literature as barriers or facili-
tators to vaccine acceptance and/or uptake in the general 
population, including Knowledge (and gaps in knowl-
edge), Social/professional role and identity (seeing vac-
cination as a collective responsibility), Reinforcement 
(getting other vaccines in the past), and Emotion (emo-
tional distress such as anxiety or depression) [21].

Further work to identify existing PHU strategies/
resources using behavioural science frameworks may 
help to systematically describe (i) which strategies/
resources have already been used and (ii) which barriers 
to vaccine uptake have therefore already been focused 

Table 1 Theoretical domains from the theoretical domains Framework (TDF) and their descriptions
Theoretical domain Definitions1

Knowledge Existing procedural knowledge, knowledge about guidelines, knowledge about evidence and 
how that influences what individuals do

Skills Competence and ability about the procedural techniques required to perform the behaviour
Social/professional role and identity Boundaries between professional groups (i.e., is the behaviour something the individual is 

supposed to do or someone else’s role? )
Beliefs about capabilities Perceptions about competence and confidence in doing the behaviour and how that influ-

ences their behaviour
Optimism Whether the individual’s optimism or pessimism about the behaviour influences what they do
Beliefs about consequences Perceptions about outcomes, advantages and disadvantages of performing the behaviour 

and how that influences whether they perform the behaviour
Reinforcement Previous experiences that have influenced whether or not the behaviour is performed
Intentions A conscious decision to perform a behaviour or a resolve to act in a certain way
Goals Priorities, importance, commitment to a certain course of actions or behaviours
Memory, attention, and decision processes Attention control, decision-making, memory (i.e., is the target behaviour problematic because 

people simply forget? )
Environmental context and resources How factors related to the setting in which the behaviour is performed (e.g., people, organisa-

tional, cultural, political, physical and financial factors) influence the behaviour
Social influences External influence from people or groups to perform or not perform the behaviour

How the views of colleagues, other professions, patients and families, and doing what you are 
told, influence the behaviour

Emotion How feelings or affect (positive or negative) may influence the behaviour
Behavioural regulation Ways of doing things that relate to pursuing and achieving desired goals, standards or targets

Strategies the individuals have in place to help them perform the behaviour
Strategies the individuals would like to have in place to help them

1 adapted from Grimshaw and colleagues [15]
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on. Mapping this onto what is known about barriers spe-
cifically faced by equity-deserving groups may enable 
identifying remaining gaps (in terms of barriers currently 
not being addressed) and highlighting opportunities 
for existing strategies/resources to be optimised or new 
strategies/resources to be deployed which are best suited 
for these groups. Using a common framework to classify 
and understand which strategies/resources have been 
used by PHUs to address specific barriers to vaccination 
in a given jurisdiction could help to establish a common 
description of strategies/resources across jurisdictions 
and to identify opportunities for optimising approaches 
to best serve the needs of specific priority groups.

We aimed to (a) identify how three PHUs in Ontario 
(Canada) promoted uptake of doses of the COVID-19 
vaccine amongst groups with relatively lower uptake of 
COVID-19 vaccines (i.e., priority groups), and (b) use 
behavioural science tools to classify existing strategies/
resources used by these PHUs and identify the barriers 
and facilitators to vaccination that these strategies are 
designed to address.

This research informed a broader research study (the 
OPTimise Platform; [28]) which partnered with local 
community members and PHUs to identify factors that 
influence COVID-19 vaccine acceptance and uptake for 
prioritised groups and make evidence-based recommen-
dations for strategies/resources to support vaccination 
locally within these groups. The project involved three 
PHUs with which the research team had established pre-
existing connections during the pandemic (in Ottawa, 
Peel Region, and Toronto) that each prioritised a spe-
cific group in their communities and dose of COVID-19 
vaccination for which they would benefit from recom-
mendations to address behavioural uptake. Local groups 
and a COVID-19 protective behaviour (e.g., vaccination, 
masking, or social distancing) were prioritised by PHUs 
according to guidelines provided to PHUs by the research 
team. These included lower uptake of behaviour com-
pared with other jurisdictions, previous engagement by 
PHU with limited results on behaviour, underserved or 
equity-deserving groups, and aligns with PHU concerns 
trending over the coming months. For more information 
on the prioritisation process, please see Fontaine and 
Smith et al. (2024).

Method
Prioritising groups and COVID-19 protective behaviours
In January 2022, each PHU provided the research team 
with (1) a priority group in their jurisdiction and (2) a 
COVID-19 protective behaviour. Each decided on a vari-
ation of COVID-19 vaccination (i.e., first or third dose). 
The Ottawa PHU prioritised uptake of the third dose of 
the COVID-19 vaccine among individuals ages 18 + liv-
ing in five low socioeconomic status neighbourhoods. 

The Peel PHU prioritised uptake of the first dose of the 
COVID-19 vaccine among individuals between the ages 
of 30 and 49 in Eastern European communities (specifi-
cally Polish, Ukrainian, and Russian). The Toronto PHU 
prioritised uptake of the first dose among individuals 
ages 18 + from five neighbourhoods with the lowest rates 
of vaccination who are members of Black communities.

Design
We formally assessed online, publicly available infor-
mation, resources, messages and in-person activities 
(defined as “strategies/resources” for the purpose of this 
study) used by the PHUs to promote COVID-19 vac-
cination (first or third doses). Our findings were coded 
according to BCTs [16] and mapped to the TDF [17, 18].

Procedure
We conducted an online search between March 11, 
2022, and May 11, 2022, and included PHU strategies/
resources which were available from January 1, 2021 
– May 11, 2022 (i.e., beginning from when the PHUs 
began COVID-19 vaccine strategy/resource rollout). The 
online search used Google, websites of the three PHUs, 
and their social media pages across four predominant 
platforms at the time (Facebook, Twitter, YouTube, and 
Instagram). Search terms included behaviour-related 
keywords such as “COVID-19”, “vaccine”, and “booster”, 
and population-related terms such as “Black”, “Ukrainian”, 
and “Newcomer”. A full list of search terms can be found 
in Appendix 1. Strategy/resource findings were checked 
for completeness and accuracy by co-authors working at 
each PHU (KM, HG, VD, LEN) in Winter 2023. We also 
asked PHUs to identify any strategies/resources that may 
not have been published online, and whether/how they 
were tailored to priority groups.

Eligibility criteria
Data sources
Data included abstracted findings about strategies/
resources from publicly available PHU webpages and 
social media, including text, photos, videos, infograph-
ics, downloadable materials, interactive maps, tools, cal-
endars, and any other online media which pertained to 
the prioritised dose. Second-order sources, defined as 
strategies/resources linked or embedded within findings 
that did not originate from the PHU, such as provincial 
or federal webpages, were included. Data on unpublished 
strategies/resources were obtained from PHUs through 
liaison with staff at each PHU who were involved in lead-
ing COVID-19 vaccine initiatives, including those who 
served the identified priority groups.
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Data abstraction
Data were abstracted from strategy/resource findings by 
two reviewers (TL and JG). Only data tailored to the pri-
ority behaviour (i.e., first or third dose) were abstracted. 
Strategies/resources promoting COVID-19 vaccination 
in general as opposed to the first dose specifically were 
assumed to implicitly include promotion of the first dose. 
Using Microsoft Excel, we abstracted data from web-
pages and social media including source, platform, time-
stamp, deviation, mode of delivery, description, tailoring 
to priority behavior and group (implicit/explicit geo-
graphic or cultural tailoring such as language, visuals, or 
localization), language(s), and rationale. A complete list 
of data abstraction variables and definitions can be found 
in Appendix 2.

Data analysis
To guide coding and inform the larger OPTimise Plat-
form study, a project subgroup focused on project 
methods (AMP, NM, JP, MW, TL) identified potentially 
relevant operationalisations of the 93 BCTs in support 
of COVID-19 first or third dose vaccination, with added 
considerations for equity-deserving groups. Strategy/
resource findings from each PHU were independently 
coded by the first reviewer (TL) to BCTs and mapped 
to empirically linked TDF domains using the Theory 
and Techniques Tool [17]. To ensure results were based 
on empirical evidence, domains were only included in 
the domain frequency analysis if they were conclusively 
linked (i.e., not inconclusively, non-links, or no evidence) 
to an identified BCT. However, to maximise descriptive-
ness of the BCTs that have been implemented in real-
world settings, all identified BCTs were included in BCT 
frequency analyses, regardless of links to the TDF. Find-
ings from all three PHUs were merged into a master doc-
ument to examine overall trends. Coding was validated 
by the second reviewer (MW) and disagreements were 
resolved in consultation with an expert (NM).

Results
BCTs
Twenty-one unique BCTs were operationalised across 
the identified strategies/resources used by the three 
PHUs. Table 2 shows the operationalised BCTs for iden-
tified PHU strategies and resources (behaviour-specific 
and population-specific), and their frequencies.

Overall, the most frequently operationalised BCTs 
across all PHU strategies/resources were: information 
about health consequences, instruction on how to perform 
behaviour, social support (unspecified), social support 
(practical), restructuring the physical environment, and 
adding objects to the environment.

Use of information about health consequences refers to 
both negative and positive consequences (i.e., effects or 

results) of engaging in a behaviour and is a highly relevant 
BCT for individuals who are at the decision-making stage 
about whether they should receive a dose of the COVID-
19 vaccine or not. It was the most frequently identified 
BCT across PHU strategies/resources. All PHUs inte-
grated information sharing throughout their online and 
in-person strategies/resources, through various commu-
nication channels including links and text on websites, 
posts and videos on social media, and information ses-
sions and outreach both in-person (e.g., door knocking, 
mailing flyers) and on social media (e.g., WhatsApp).

Instruction on how to perform behaviour was opera-
tionalised by all PHUs through resources that provided 
instructions or information on how to receive a dose of a 
COVID-19 vaccine. This included links, tools, and infor-
mation for determining dose eligibility, locating, booking, 
and accessing COVID-19 vaccines, such as instructions 
on which public transit routes to take and when to access 
specific clinics in a local area. Many of these strategies/
resources were found online and several instances were 
second-order links to provincial webpages with appoint-
ment booking tools.

Two BCTs for types of social support, unspecified and 
practical, were also frequently used across PHU strat-
egies. Social support (practical) describes any form of 
practical help (e.g., from friends, relative, colleagues, or 
staff) in performing a behaviour. This was operation-
alised by PHUs through strategies that addressed barri-
ers to accessing vaccination or getting information about 
vaccination, such as free transportation to/from clin-
ics, in-home vaccination programs, neighbourhood and 
community outreach/engagement with multilingual staff/
volunteers, and access supports at clinics (e.g., extended 
hours, free childcare, walk-ins available). Social sup-
port (unspecified) more broadly encompasses any form 
of social support to support performance of a behav-
iour, such as counselling and encouragement. This was 
operationalised by PHUs largely through their respective 
community outreach/engagement campaigns, involv-
ing community members and healthcare professionals 
sharing their experiences with COVID-19 vaccination, 
answering questions, providing information, and encour-
aging others to get vaccinated. For all PHUs, community-
based outreach was (and continues to be) conducted 
both online (e.g., videos on YouTube and PHU websites, 
WhatsApp), and in-person (e.g., events at community 
hubs such as churches and libraries, door knocking).

Another two frequently identified BCTs were related 
to changes in or additions to the physical environment 
implemented by PHUs to increase or facilitate access to 
COVID-19 vaccines. Restructuring the physical environ-
ment and adding objects to the environment describe 
exactly that and were both operationalised by all PHUs 
through pop-up vaccine clinics in local hubs, such as 
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Table 2 Behaviour Change techniques (BCTs) and frequencies in public health unit (PHU) strategies/resources for COVID-19 
vaccination
BCTs PHU Strategies and resources Fre-

quency 
across 
PHUs

3.1. Social support 
(unspecified)

Videos of community ambassadors, HCPs, and general public sharing personal experiences and reasons why 
they got vaccinated, clinics and information sharing at community hubs and events (e.g., faith centres, hair 
salons), encouraging discussions with peers and community members about getting vaccinated, engage-
ment sessions with health experts of different cultural backgrounds, neighbourhood vaccine engagement and 
outreach teams

40

3.2. Social support 
(practical)

Clinic transportation services and vouchers, low-barrier clinics with extended hours/childcare/accessibility 
supports (e.g., ramps, no insurance needed), clinics that can be requested and led by community members, 
neighbourhood vaccine engagement and outreach teams, town halls and webinars with HCPs, multilingual 
community ambassadors

45

3.3. Social support 
(emotional)*

Clinic companions for mitigating needle fear 1

4.1. Instruction on how 
to perform behaviour

Appointment booking links, clinic locations and access information (e.g., walk-in, parking, transit routes), how/
where to get vaccinated webpages (e.g., search tool to find nearby clinic), eligibility information

62

5.1. Information about
health consequences

Information about benefits of vaccination and risks of COVID-19 infection 76

5.2. Salience of 
consequences

Videos of community members describing impact of COVID-19 infection on themselves/loved ones (as reasons 
for getting vaccinated)

3

5.3. Information about
social and environmental 
consequences

“Protect others/loved ones” messaging, describing impact on community and disproportionate impact on Black 
communities

8

6.1. Demonstration of the 
behaviour

“I received my first dose” graphic for sharing on social media; video testimonials of people at clinics during/after 
vaccination

7

6.2. Social comparison Sharing vaccination coverage rates, HCPs sharing why they got vaccinated, videos of community members talk-
ing about why they got or changed their mind about getting the vaccine, “I received my first dose” graphic for 
sharing on social media

16

6.3. Information about 
others’ approval

Videos, town halls, and engagement sessions with HCPs providing information and answering questions, com-
munity ambassadors, members, and HCPs sharing why they got vaccinated and encouraging others to get 
vaccinated, “I received my first dose” graphic for sharing on social media

27

7.1. Prompts/cues Social media reminder posts, banners at the top of webpages with reminders about vaccination, physical 
and digital ad campaigns, auto-calls and mass text campaigns, flyers, community ambassador door-knocking 
programs

29

8.6. Generalisation of
target behaviour*

Combining with influenza vaccine reminders, messaging, and clinics 1

9.1. Credible source* Videos, town halls, and engagement sessions with HCPs answering questions and discussing safety and benefits 
of vaccination, community leaders and HCPs talking about why they got vaccinated

27

10.1. Material incentive 
(behaviour)

Incentive programs (financial voucher) in shelter settings and for precariously housed populations 1

10.2. Material reward 
(behaviour)

Financial voucher provided to those who get the vaccine in shelter settings and for precariously housed 
populations

3

10.6. Nonspecific 
incentive

“Getting back to the things we love/normal” messaging 3

11.2. Reduce negative 
emotions

Conversations, panels, and information sessions with community ambassadors and HCPs to address concerns 
about vaccination

12

11.3. Conserve mental 
resources

Multilingual promotional materials (e.g., shared in person or via WhatsApp) and community ambassadors 6

12.1. Restructuring the 
physical environment

Pop-up and community clinics (e.g., clinics at shopping centres, transit stations), mobile clinics (e.g., busses, 
vans), clinics with extended hours, childcare, walk-ins, or other access supports

41

12.2. Restructuring the 
social environment

Community clinics, mobile clinics, pop-up clinics that can be requested and led by community members, social 
media ad campaigns and engagement sessions (e.g., WhatsApp), clinics and information sharing at community 
hubs and events (e.g., faith centres, hair salons)

20

12.5. Adding objects to 
environment

Pop-up and community clinics (e.g., shopping centres, transit stations), mobile clinics (e.g., busses, vans) 38

Note. HCPs = health care professionals

*Not conclusively linked to a TDF domain at time of analysis
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malls, schools, workplaces, transit stations, parking lots, 
or community centres. The former included accessibil-
ity supports at clinics such as those mentioned previ-
ously and was therefore operationalised slightly more 
frequently than the latter. A related but less frequently 
operationalised BCT is restructuring the social envi-
ronment, used by PHUs in resources/strategies which 
involved offering information and engagement sessions 
with healthcare professionals at social and community 
hubs both in-person (e.g., community centres) and online 
(e.g., Facebook, WhatsApp).

Some PHU strategies/resources operationalised sev-
eral BCTs. For example, all PHUs used a combination 
of YouTube video campaigns, town halls, and webinars 
with healthcare professionals of various cultural back-
grounds discussing vaccines and addressing concerns 
about safety and development in different languages. The 
delivery of strategies/resources multilingually operation-
alises the BCT conserve mental resources by communi-
cating in a language that may be more accessible and/or 
easily understood. The presence of an expert or author-
ity figure expressing approval of a behaviour (in this case, 
urging individuals to get vaccinated against COVID-
19) operationalises the BCTs information about others’ 
approval and credible source. The social aspect of these 
engagement strategies/resources operationalise the BCTs 
social support (unspecified) and social support (practi-
cal), and the informational aspect operationalises the 
BCT information about health consequences, as well as 
information about social and environment consequences 
when the impact of COVID-19 on specific communi-
ties is discussed. When these health professionals and 
ambassadors address concerns about vaccines, such as 
side-effects or development, they operationalise the BCT 
reduce negative emotions. Some of these campaigns also 
included community members and ambassadors shar-
ing their experiences with and reasons for getting the 
COVID-19 vaccine, often including real stories of how 
COVID-19 infections impacted themselves and/or loved 
ones, which operationalises the BCTs salience of conse-
quences and social comparison. Sometimes, these vid-
eos were filmed while individuals received a dose of the 
COVID-19 vaccine on camera, which operationalises the 
BCT demonstration of behaviour. The BCT social com-
parison was also operationalised a few times through 
social media posts and webpages sharing vaccine cover-
age/uptake data (e.g., “50% of our city has received their 
first dose”), which draws attention to others’ vaccination 
behaviour to allow comparison with one’s own vaccina-
tion behaviour.

The BCT prompts/cues describes anything that 
reminds the individual about performing the intended 
behaviour and was operationalised somewhat frequently 
across many different types of strategies/resources. 

Examples include an eye-catching yellow banner at the 
top of all Toronto PHU webpages, reminding residents 
to get vaccinated against COVID-19 with links for more 
information, social media posts from all PHUs reminding 
the public about COVID-19 vaccines, digital and physi-
cal advertising campaigns (e.g., on social media, busses, 
flyers in the mail), and vaccine engagement/outreach 
through community partners (e.g., door-knocking, com-
munity events).

BCTs which were least frequently operationalised by 
PHUs were social support (emotional), salience of conse-
quences, generalisation of target behaviour, and material 
incentive (behaviour), material reward (behaviour), and 
nonspecific incentive.

Social support (emotional) was operationalised once 
by a Toronto vaccine clinic that promoted the availabil-
ity of nurses and support persons trained to mitigate 
needle fear. Generalisation of target behaviour was also 
operationalised once in Toronto by including the promo-
tion of COVID-19 vaccines alongside the regular promo-
tion of influenza vaccines. Two related BCTs, material 
incentive and material reward, were operationalised by 
financial incentive programs implemented in housing 
shelters and street outreach campaigns, where individu-
als were offered money or vouchers after receiving a dose 
of the COVID-19 vaccine. The incentive in this case is 
the money/vouchers that are offered to individuals if they 
compete the behaviour (receiving a dose of the COVID-
19 vaccine), and the reward is the delivery of the money/
voucher after completion of the behaviour. Lastly, a third 
BCT, nonspecific incentive, was operationalised through 
PHU strategies/resources that encouraged individuals to 
get vaccinated in order to “return to normal”, “get back 
to the things we love”, and other similar messaging that 
incentivizes COVID-19 vaccination without specifying a 
clear reward.

A few strategies/resources which were included in 
analysis did not operationalise any BCTs that directly 
supported vaccination behaviours, such as translation 
options on PHU webpages and funding and member 
information for vaccine engagement teams.

Behaviour-specific
A total of 15–20 BCTs were operationalised within 
39–79 behaviour-specific strategies/resources per PHU 
(Table  3). All strategies/resources included in analysis 
were behaviour-specific.

Across PHUs, strategies/resources usually focused on 
promoting COVID-19 vaccination in general rather than 
by specific dose (i.e., “get vaccinated against COVID-19” 
instead of “get your first/third dose of the COVID-19 vac-
cine”). In a few strategies/resources, Toronto and Peel 
PHUs specifically mentioned a first dose, particularly 
after COVID-19 vaccines became available (e.g., “first 
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dose is available”, “over 75% first dose rate”). We found 
a few social media posts from the Ottawa PHU promot-
ing the availability of booster doses at specific clinics. 
The Ottawa PHU also had several in-person strategies/
resources promoting booster doses specifically, such as 
mobile clinics offering booster doses at community loca-
tions (e.g., aging in place builds, malls, schools, long-
term care homes) and community partnerships (e.g., with 
religious leaders, residents) for peer-to-peer information 
sharing about the third dose. The Toronto and Peel PHUs 
employed similar community-based in-person strategies 
targeting COVID-19 vaccine uptake.

Population-specific
A total of 10–17 BCTs were operationalised within 13–31 
population-specific strategies/resources per PHU. Over-
all, we found fewer strategies/resources from all PHUs 
that were tailored to the priority groups, and fewer BCTs. 
Compared to behaviour-specific BCTs, population-spe-
cific BCTs tended to be less frequently operationalised, 
but the BCTs and how they were operationalised tended 
to be similar.

In Ottawa, a few mentions of clinic locations/hours and 
vaccine availability within the prioritised group (neigh-
bourhoods) were found in online strategies/resources, 
operationalising the BCT instruction on how to perform 
behaviour. We found more population-specific strate-
gies/resources and BCTs which were delivered in-per-
son than online, such as pop-up clinics and information 
sharing and outreach in the priority neighbourhoods. Of 
note, because the Ottawa PHU prioritised neighbour-
hood groups, we explored their tailoring at a geographic 
level only, whereas Peel and Toronto prioritised cultural/
ethnic/age groups and/or neighbourhoods, thus poten-
tially providing more opportunities for identifying tai-
lored strategies/resources.

In Peel, a few population-specific strategies/resources 
were found on the PHU website. There was a sidebar 

option for translation, including into Russian, Polish, 
and Ukrainian (implicit tailoring), and a few documents 
in Russian and Polish languages with information about 
COVID-19 vaccines (e.g., questions and answers). No 
strategies/resources tailored to the Peel prioritised age 
group (30–49 years) were found. A few in-person strat-
egies were tailored to Eastern European populations 
including outreach via community ambassadors to 
faith-based institutions (e.g., churches, cultural centres), 
businesses, and community events (e.g., cultural celebra-
tions). However, the Peel PHU noted that these outreach 
attempts were sometimes turned down by Eastern Euro-
pean organisations and groups, who explained that they 
would prefer to remain neutral on the topic of COVID-19 
vaccination.

In Toronto, the PHU’s tailored strategies/resources 
were primarily YouTube videos featuring healthcare pro-
fessionals and scientific experts from Black communities 
(credible source) discussing information about COVID-
19 vaccines (information about health consequences) and 
the impact of COVID-19 on Black communities (infor-
mation about social and environment consequences), 
addressing concerns about vaccine development, side-
effects, and adverse reactions (reduce negative emotions), 
and encouraging all individuals including members of 
Black communities to get vaccinated against COVID-19 
(unspecified social support). These videos often featured 
speakers from diverse cultural backgrounds, in different 
languages (practical social support and conserve mental 
resources). The Toronto PHU developed focused, in-per-
son initiatives to support vaccination among Black com-
munities during COVID-19, such as the Black Scientists’ 
COVID-19 Task Force and the Black Vaccine Engage-
ment Team which operationalise the same BCTs. Some 
strategies/resources tailored to the prioritised neighbour-
hoods were found, but we found fewer BCTs or strate-
gies/resources tailored to members of Black communities 
who live in the prioritised neighbourhoods.

Table 3 Behaviour Change Techniques (BCTs) identified in strategies/resources used by public health units (PHUs)
Strategies/resources Total number of 

strategies and 
resources

Total number 
of BCTs used

BCT Taxonomy codes (see Table 2)

Behaviour-specific
Ottawa (3rd dose) 39 15 3.1, 3.2, 4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3, 7.1, 9.1, 11.3, 12.1, 12.2, 12.5
Peel Region (1st dose) 49 17 3.1, 3.2, 4.1, 5.1, 5.3, 6.1, 6.2, 6.3, 7.1, 9.1, 10.2, 10.6, 11.2, 11.3, 

12.1, 12.2, 12.5
Toronto (1st dose) 79 20 3.1, 3.2, 3.3, 4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3, 7.1, 8.6, 9.1, 10.1, 10.2, 

10.6, 11.2, 12.1, 12.2, 12.5
Population-specific
Ottawa (low SES neighbourhoods) 13 10 3.1, 3.2, 4.1, 5.1, 6.2, 7.1, 11.3, 12.1, 12.2, 12.5
Peel (Eastern European communities) 21 12 3.1, 3.2, 4.1, 5.1, 5.3, 6.2, 7.1, 11.2, 11.3, 12.1, 12.2, 12.5
Toronto (Black communities in low uptake 
neighbourhoods)

31 17 3.1, 3.2, 4.1, 5.1, 5.2, 5.3, 6.1, 6.2, 6.3, 7.1, 9.1, 10.1, 10.2, 11.2, 
12.1, 12.2, 12.5

Note. SES = socioeconomic status
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TDF domains
Together, the PHUs addressed 11 of the 14 TDF domains 
through conclusively linked BCTs operationalised within 
their strategies/resources (Fig. 1).

Based on the BCTs used and how they there were 
operationalised, the TDF-based domains that were 
most frequently addressed overall were Environmen-
tal context and resources, Knowledge, and Social influ-
ences, followed by Beliefs about consequences. These 
domains were also addressed by more types of BCTs (i.e., 
3 to 5 different linked BCTs) than the domains which 
were less frequently addressed (I.e., 2 or fewer different 
linked BCTs). For example, Environmental context and 
resources had 5 linked BCTs and Beliefs about conse-
quences and Social influences had 4, while the Emotion 
and Skills domains each have a single linked BCT. Inten-
tion, Beliefs about capabilities, and Skills were also some-
what frequently addressed, with 1–2 different BCTs each.

The Goals and Social/professional role and identity 
domains were not conclusively linked to any BCTs found 
to be used by PHUs; however, they were inconclusively 
linked to 3 identified BCTs (material reward, and social 
support (unspecified) and social comparison, respectively) 
[17]. The Optimism domain was not inconclusively 
linked to any identified BCTs [17]. BCTs linked inconclu-
sively only to domains were social support (emotional), 
generalisation of behaviour and credible source.

Discussion
This study investigated the online (websites and social 
media) and in-person strategies/resources promot-
ing first or third doses of the COVID-19 vaccine used 
by three Ontario PHUs between January 2021 and May 
2022 (online) and Winter 2023 (in-person). We mapped 
our findings to the TDF [9, 17] and BCTT [16, 18] to 
systematically investigate which BCTs are already being 
used within and across jurisdictions and where there 
may be opportunities for optimisation of further strate-
gies and resources. We also investigated whether strate-
gies/resources were tailored to the low-uptake groups 
that each PHU prioritised (Ottawa = adults in five low 
socioeconomic status neighbourhoods, Peel = East-
ern European people between the ages of 30 and 49, 
Toronto = Black adults in five neighbourhoods with the 
lowest vaccination rates). PHUs varied in the degree to 
which they tailored strategies/resources to the priori-
tised groups (culturally and/or geographically); however, 
across PHUs we found notably fewer population-spe-
cific strategies/resources (and operationalised BCTs) 
than behaviour-specific (13–31 versus 39–79 strategies/
resources, respectively), suggesting opportunities to fur-
ther tailor existing strategies/resources/BCTs for priority 
groups.

Across PHUs, we identified 21 out of 93 BCTs used to 
address a range of barriers and facilitators to COVID-
19 vaccination. This leaves many potentially applicable 
BCTs that have not yet been used, for example, the BCT 
graded tasks (linked to the Skills and Beliefs about capa-
bilities domains), which has been effective at supporting 

Fig. 1 Frequency of theoretical domains of barriers/facilitators addressed by conclusively linked Behaviour Change Techniques (BCTs) used across public 
health unit (PHU) strategies/resources. *The Optimism domain was not linked to any identified BCTs. **Domain contained BCTs with inconclusive links to 
BCTs only. Note. BCTs with no evidence of links to the TDF are not included. See Table 2
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health behaviours such as physical activity in adults with 
chronic health conditions [29–31]. In the context of vac-
cination, graded tasks could be operationalised through a 
step-by-step breakdown of the steps needed to receive a 
dose of the COVID-19 vaccine with boxes to tick as steps 
are completed, such as speak with a healthcare profes-
sional or community ambassador about (with a space to 
write questions), book an appointment, plan my journey 
to the appointment, and so on. Another example of an 
unused BCT is pros and cons (linked to the Beliefs about 
consequences domain), which has been used to support 
acceptance and uptake of COVID-19 [32, 33] and human 
papillomavirus vaccines [34, 35], particularly within the 
context of decision aids. Pros and cons could be opera-
tionalised using an infographic or other resource com-
paring the advantages and disadvantages of receiving a 
dose of the COVID-19 vaccine, highlighting the small 
risk of vaccine side effects and large benefit of COVID-
19 vaccination. While all may not be applicable, there are 
likely opportunities to enhance vaccine uptake efforts by 
using additional BCTs linked to addressing specific barri-
ers informed by evidenced tools from the behavioural sci-
ences, such as the BCTT and TDF. The BCTs not already 
operationalised may inform parts of new strategies that 
PHUs could implement and tailor to prioritised groups 
and protective behaviours. Additionally, less frequently 
operationalised BCTs such as salience of consequences 
(e.g., Community members describing how seeing the 
impact COVID-19 infection had on themselves/loved 
ones made them decide to get vaccinated) may have a 
larger impact if they are applied more frequently [34–36].

Relatedly, TDF domains which were not as frequently 
addressed, such as Social professional role and identity, 
Emotion, Reinforcement, and Goals processes may rep-
resent unaddressed barriers or untapped facilitators to 
receiving the first or third dose of the COVID-19 vac-
cine that could be relevant to the prioritised groups. 
Though more research is needed to determine what types 
of interventions may be effective in supporting vaccina-
tion among minority groups, it is likely that successful 
interventions will be multifaceted and tailored to dif-
ferent communities [37]. The development of new and/
or modified BCTs should be informed by additional 
research investigating the factors that affect the decision 
to get vaccinated against COVID-19 for members of pri-
oritised/minority/equity-deserving groups (including 
available resources), ideally using a framework such as 
the TDF to elicit a comprehensive range of barriers and 
facilitators.

It is perhaps unsurprising that the Optimism domain 
was not identified in this review, as it has only been 
linked (inconclusively) to one BCT (review outcome 
goals), which was not found. Findings regarding the 
role of optimism in vaccine uptake have been mixed, 

with evidence that optimism can act as both a barrier or 
facilitator, possibly depending on what the individual is 
optimistic about (e.g., vaccines, pandemic ending soon) 
[38–40]. The effects of optimism on behaviour change 
within the context of a pandemic and vaccine uptake 
should be further explored.

Despite inconclusive or no evidence of links to the 
TDF, the identified BCTs social support (emotional), gen-
eralisation of behaviour, and credible source should still 
be regarded as potentially effective strategies to address 
barriers and facilitators to vaccine uptake. Notably, the 
former two were identified at a very low frequency, while 
the latter (credible source) was very frequently found 
across all PHUs, especially in Toronto. Such widespread 
application of this inconclusively linked BCT in real-
world settings suggests that current evidence may not 
fully capture the utility of certain strategies for chang-
ing behaviour, particularly for increasing vaccine uptake 
in priority groups. Indeed, research has found that vac-
cine support (e.g., information, encouragement) from 
a credible source such as a health care professional or 
another trusted individual like a faith leader or family 
member can be a strong facilitator of vaccine acceptance 
and uptake [41, 42]. Credible source appears to be a well-
suited BCT to address mistrust, which is a factor found 
to be highly influential in equity-deserving groups such 
as those included in this review [25, 43, 44].

The potential utility of behavioural science for under-
standing and affecting acceptance and uptake of vaccines 
such as influenza [45–48], human papillomavirus [49–
52], pneumococcal and shingles [53] has been well-doc-
umented, and its application to COVID-19 vaccines is 
increasingly being recognised by researchers [54–56] and 
health officials. In October 2020, the WHO published 
a report on behavioural considerations in relation to 
COVID-19 vaccination acceptance and uptake [57] that 
highlighted an enabling environment, social influences, 
and motivation as three key behavioural drivers of vac-
cine uptake (in addition to knowledge). In alignment with 
this, the three PHUs included in the present review have 
implemented numerous strategies/resources and BCTs 
that address barriers and enhance facilitators predomi-
nantly within the TDF domains of Environmental context 
and resources, Social influences, and Knowledge (as well 
as Beliefs about consequences). Our findings are also in 
alignment with Crawshaw and colleagues’ evidence syn-
thesis [21] that identified Knowledge, Social influences, 
Beliefs about consequences and Environmental con-
text and resources as predominant TDF domains within 
the 34 included studies with equity-deserving groups. 
Specifically, the strategies/resources used by PHUs fre-
quently addressed barriers/facilitators related to con-
cerns about vaccine safety/efficacy and risk of COVID-19 
infection (Beliefs about consequences), mistrust (Social 
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influences), and access (Environmental context and 
resources) [21].

Different barriers and facilitators to COVID-19 vac-
cine acceptance and uptake may be present for different 
groups or populations. For individuals who may already 
be motivated to receive a dose, barriers may include fac-
tors related to the Environmental context and resources 
and Social and professional role and identity domains, 
such as getting time off work, accessing public transit 
to a clinic, or finding childcare, or the Social influences 
domain, such as mistrust in government or public health 
authorities. Other barriers that might exist for motivated 
individuals could include not knowing how or where to 
get vaccinated or not speaking the language. For indi-
viduals who are less motivated to receive a dose of a 
COVID-19 vaccine, the barriers may include concerns 
about vaccine safety, side effects, and speed of devel-
opment (Beliefs about consequences), fear or worries 
about side effects (Emotion), or previous negative expe-
riences with other vaccines (Reinforcement). Many of 
these barriers are related to issues of access and trust, 
and may disproportionately affect priority groups and 
equity-deserving groups such as ethnic/racial minorities, 
migrants, and those included in this review [21, 58–60], 
and indeed, these are some of the barriers that the strate-
gies used by the PHUs addressed (Table 2). Though there 
has been an increase in research investigating COVID-
19 vaccine acceptance and uptake in equity-deserving 
groups, more evidence is needed to provide insight from 
these communities to improve public health programs.

In addition to COVID-19 vaccination, PHUs are also 
prioritising routine vaccination programs (e.g., measles, 
mumps, and rubella), which have seen a marked decrease 
since the COVID-19 pandemic (e.g., measles coverage 
dropped to 81% globally in 2021, the lowest level since 
2008), causing health authorities to raise concerns [61, 
62]. This may be primarily attributed to decreased and 
disrupted access during the pandemic. However, to date, 
coverage has largely still not returned its pre-pandemic 
rate, and other factors such as mistrust may be contrib-
uting [63, 64], particularly for equity-deserving groups 
who have experienced historical injustices by medical 
and government systems, lower participation in clinical 
trials, high costs of care, and importantly, lower access 
to healthcare services including vaccines [43]. Behav-
ioural science can provide insight into the reasons why 
more people may be deciding not to get or are unable 
to get vaccinated post-pandemic compared to pre-pan-
demic and help to develop evidence-informed strategies/
resources that PHUs can use to increase vaccine accep-
tance and uptake for routine vaccination programs.

The methodology of this study is likely transferrable 
to jurisdictions within or outside of Canada, within fur-
ther support for future doses of COVID-19 vaccine and 

likely for routine immunization programs. It can be used 
by researchers to support understanding of the current 
and past state of public health efforts in support of goals 
other than vaccine uptake and for priority groups other 
than those identified by the PHUs in this study. Assess-
ments of existing programs (online and in-person) using 
a common method to categorise both the strategies/
resources and the barriers/facilitators can complement 
primary studies in behavioural science and clarify the 
content of past and present public health initiatives. This 
can serve to contextualize and enhance behavioural sci-
ence-informed recommendations for future public health 
strategies and interventions, in a manner that comple-
ments rather than overlaps what PHUs are already doing 
or have already done.

While the WHO declared that the COVID-19 pan-
demic is no longer a global public health emergency in 
May 2023, COVID-19 continues to circulate widely in 
Canada. With this declaration, the WHO recommended 
that countries nevertheless ensure preparedness by main-
taining efforts to increase COVID-19 vaccination cov-
erage for people in high-priority groups and addressing 
vaccine acceptance and demand issues by working with 
communities to achieve inclusive risk communications, 
engagement, and interventions adapted to local contexts 
[6, 65]. Moreover, in November 2023, the WHO’s Strate-
gic Advisory Group of Experts on Immunization (SAGE) 
released updated recommendations for the use of booster 
doses prioritizing high-risk groups [66]. Behavioural sci-
ence is well positioned to support these endeavors and 
should be capitalised upon by public health programs in 
Canada and across the globe.

Limitations
Data were collected primarily through online sources, 
then supplemented and checked by co-authors at each 
PHU. Nevertheless, our data capturing unpublished/in-
person strategies/resources may be less comprehensive 
than our data on online strategies/resources. Although, 
given the focused assessment within specific groups 
within the cities, and with the involvement of PHUs, 
this risk is likely mitigated. Additionally, we did not have 
complete information about the ethnic demographics 
of the neighbourhoods that were prioritised by Ottawa. 
Therefore, data were collected pertaining only to strate-
gies/resources that were tailored to the population geo-
graphically, not demographically. Lastly, for this review, 
we did not engage with members of the priority groups 
and thus local perspectives regarding what tailoring 
looks like for their communities may not have been fully 
captured. However, this review precipitated a larger proj-
ect by our research team centered on enhancing under-
standing of COVID-19 vaccine uptake among the three 
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priority groups through community partnerships and 
engagement [67].

Future directions
By providing insight into the past and current strategies/
resources of three urban Ontario PHUs through leverag-
ing behavioural science tools, and highlighting addressed 
TDF domains and operationalised BCTs, this review has 
provided a launch point for future investigation. The 
next steps for the OPTimise Platform will be to continue 
working with PHUs and the communities they serve to 
design evidence-based recommendations for strategies to 
increase uptake of the COVID-19 vaccine within the pri-
oritised groups.

Conclusion
This study revealed additional opportunities for each of 
the PHUs to apply evidence from behavioural science to 
enhance and build upon their collection of strategies and 
resources to support uptake of the COVID-19 vaccines. 
PHUs should consider developing new and/or expanding 
current strategies/resources which are informed by the 
non- or less frequently operationalised BCTs and less fre-
quently addressed TDF domains, especially those which 
have been identified as barriers to vaccination decisions 
and uptake. PHUs should also consider increasing the 
tailoring of strategies/resources to prioritised behav-
iours and groups, and partnering with and drawing from 
behavioural science may provide further opportunities 
for doing so.
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