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AbstrACt
Introduction Regular physical activity (PA) participation 
has many important physical and psychological health 
benefits, managing and preventing over 25 chronic 
conditions. Being more physically active as a child is 
associated with being more active as an adult, but 
less than 10% of Canadian children are achieving the 
recommended PA guidelines of 60 minutes per day of 
moderate to vigorous PA. Parental support is a predictor 
of child PA, but parent intention to support child PA 
does not always predict enacted support. Targeting 
factors that assist in the sustainability of parent support 
behaviour of child PA may have an impact on child PA. 
The purpose of this study is to evaluate an intervention 
designed to promote habit formation of parental support 
(HABIT, independent variable) on child PA (dependant 
variable) compared with a planning and education group 
(PLANNING) and an education only group (EDUCATION).
Methods and analysis The three conditions will be 
compared using a 6- month longitudinal randomised trial. 
Eligible families have at least one child aged 6–12 years 
who is not meeting the 2011 Canadian PA Guidelines. 
Intervention materials are delivered at baseline, with 
check- in sessions at 6 weeks and 3 months. Child’s 
moderate- to- vigorous PA, measured by accelerometry, is 
assessed at baseline, 6 weeks, 3 months and 6 months as 
the primary outcome. At baseline and 6 months, children 
perform fitness testing. Parents and children complete 
questionnaires at all timepoints. So far, 123 families have 
been recruited from the Greater Victoria and surrounding 
area. Recruitment will be continuing through 2020 with a 
target of 240 families.
Ethics and dissemination This protocol has been 
approved by the University of Victoria Human Research 
Ethics Board (Victoria, Canada). Results will be shared 
at conferences as presentations and as published 
manuscripts. Study findings will be made available to 
interested participants.
trial registration number NCT03145688; Pre-results

IntroduCtIon
Physical activity (PA) has the potential to 
reduce the risk of at least 25 chronic medical 
conditions by 20%–30%,1 yet Canadian 

adults and children are not meeting recom-
mended guidelines to optimise these bene-
fits.2 3 Children are recommended to achieve 
60 minutes (min) per day of moderate to 
vigorous physical activity (MVPA).4 For 
adults, 150 min of MVPA per week is recom-
mended.5 While many complications and 
diseases present in adulthood, there is 
compelling evidence showing the positive 
impact of increased PA among children on 
health. PA can help to guard against high 
blood pressure, high cholesterol, metabolic 
syndrome, low bone density, depression and 
obesity; also, there is evidence demonstrating 
a relationship between increased MVPA and 
reduced psychological distress, improved 
peer relations and improved quality of life/
well- being.6–8 Unfortunately, according to 
the Canadian Health Measures Survey, only 
9% of boys and 4% of girls are achieving 
the recommended amount of PA.3 9 Under-
standing the factors that influence child PA 

strengths and limitations of this study

 ► This randomised trial will build on family- based 
physical activity (PA) research evaluating whether 
building parent support habit for child PA is an ef-
fective strategy to promote child PA.

 ► The findings of this study can inform health policy 
and programmes designed to improve health out-
comes in children through increasing PA.

 ► It is possible that results may be affected by par-
ticipants unconsciously adopting techniques from 
different conditions (eg, the EDUCATION participant 
employs planning technique and PLANNING partici-
pant employs habit forming techniques).

 ► Inclusion of quantitative and qualitative manipula-
tion checks will be useful for assessing intervention 
fidelity.
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is therefore important for promoting long- term popula-
tion health.

Parental influence is one such factor; a review of family- 
based interventions to increase PA found that parent 
support was a consistent determinant of child PA.10 
Parent support refers to the ways in which parents know-
ingly influence their child’s PA and includes both tangible 
(eg, transportation) and intangible (eg, encouragement) 
behaviours.11 Interventions focused on parent support 
to change child PA have been generally unsuccessful, 
however, as reported in several reviews.12–15 More recent 
intervention research has shown some positive effects,16–18 
but these are still balanced by several null results.19–21 A 
recent study found that while most parents have posi-
tive intentions to support child health behaviours, few 
substantively enact this support.22 Furthermore, this 
intention–behaviour gap does not appear to be success-
fully bridged by current interventions targeting parents. 
For example, a review10 found that the majority of inter-
ventions focus on educating parents on the benefits of 
PA, which does not appear to drive subsequent PA change 
(among parents and their children). This is likely because 
parents are already aware of the health benefits of PA 
for their children,23–25 in addition to already having the 
intention to support behaviour.22 Therefore, focusing on 
what parenting support can be harnessed (ie, malleable 
through intervention) to promote child physical activity 
represents an important avenue of enquiry.

Several recent theoretical approaches have advanced 
beyond merely building intention to perform behaviour 
and suggest that building self- regulatory tactics such as 
planning is critical to bridge the intention–behaviour 
gap.26–28 This approach has been used in family interven-
tions,10 yet it may not be sufficient to sustain behaviour 
changes over longer durations. For example, the Family 
Physical Activity Planning study22 compared an inter-
vention group focused on family PA planning (goal 
setting, action planning and coping planning) to an 
education only group and found increased child PA at 3 
months in the family planning group. This effect was not 
observed at 6 months, however, demonstrating a need to 
target behavioural strategies beyond mere planning for 
successful maintenance of PA.

The Multi- Process Action Control (M- PAC) Frame-
work29 30 may assist in sustaining health behaviours such 
as parental support of child PA. This framework suggests 
that self- regulatory skills and tactics assist in translating 
intentions into behaviour during the initial adoption of 
physical activity, but sustainability is also determined by 
the development of habit across time to ease the burden 
of continual volitional motivation and self- regulation. 
Habits represent impulses to perform behaviour initi-
ated via stimulus–response bonds,31 and contribute to 
PA largely via repeated consistency in behavioural prac-
tices, salient cues associated with behavioural initiation 
and affectively rewarding behaviour.32–34 Consistent with 
M- PAC theory, habit formation has seen promising results 
in PA research31 35 36; habits may sustain PA behaviour over 

time partially independent of goals (or intentions)35 37 and 
through helping turn intentions into actual behaviour.30 
Of particular relevance to the current trial, a recent study 
evaluating parent support of child PA with M- PAC found 
parent habit to be the largest independent correlate with 
the translation of intention into behaviour compared 
with planning and motivational constructs.38

study objectives and hypotheses
The primary objective of this study is to implement a 
theory- based intervention targeting parental support of 
child MVPA comparing the effect of a PA habit forma-
tion+PA planning+PA education (HABIT) condition to a 
PA planning+PA education (PLANNING) condition and a 
PA education only group (EDUCATION) on child MVPA 
(dependant variable). The primary end- point of this trial 
is 6 months, with additional secondary time points of 6 
weeks and 3 months. Based on previous research,38 39 it 
is hypothesised that children of families in the HABIT 
condition will demonstrate a greater increase MVPA 
measured by accelerometry at 6 months compared with 
those in the PLANNING group and the EDUCATION 
group. As per the results of Rhodes et al’s family PA plan-
ning intervention,22 we expect children of families in the 
PLANNING group will demonstrate a greater increase in 
MVPA compared with the EDUCATION group; however, 
this effect may diminish over time.

Secondary objectives include evaluating child fitness 
at baseline and 6 months. It is hypothesised that child 
fitness will be greater for the HABIT condition compared 
with the PLANNING and EDUCATION conditions at 
6 months because of the resulting increased PA hypothe-
sised above. Tertiary objectives include evaluating parent 
PA and quality of life. While parent and child copartic-
ipation in PA is not mandatory, parent support of child 
PA may include coparticipation (such as a family walk), 
and therefore, it is expected that parents in the HABIT 
condition will report higher PA via some activities being 
performed with their children in comparison with the 
other conditions. Finally, no differences in gender or 
season are hypothesised. The climate in Victoria is rela-
tively mild, and outdoor activities continue throughout 
the year. Seasonal effects (eg, potentially less outdoor 
physical activity participation during winter months or less 
structured sport participation during summer months) 
are also expected to be balanced to a certain extent by 
the selected recruitment method. Rolling recruitment 
ensures that participants are at all stages of participation 
during all seasons. Finally, there is not sufficient evidence 
at this point to support that boys and girls will respond 
differently to a habit- based physical activity intervention.

trial design
This study is a three- arm parallel design single- 
blinded randomised trial. After baseline assessment 
(MVPA, fitness testing and questionnaire), families are 
randomised to one of three groups: (1) family PA habit 
formation+planning+education (HABIT); (2) family PA 
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Table 1 WHO trial registration data set items

Data category Information

Primary registry and trial 
identifying number

ClinicalTrials.gov # 
NCT03145688.

Date of registration in 
primary registry

Submitted 27 January 2017, 
version 1 finalised and 
released 4 May 2017.

Secondary identifying 
numbers

Unique Protocol ID: 35941 
51 350.

Source(s) of monetary or 
material support

Heart and Stroke Foundation 
of Canada.

Primary sponsor Heart and Stroke Foundation 
of Canada.

Secondary sponsor(s) n/a

Contact for public queries EM, MSc. ermedd@uvic.ca, 
250-721-8384.

Contact for scientific 
queries

EM, MSc.
Behavioural Medicine Lab, 
Victoria, Canada.

Public title Family habit physical activity 
study.

Scientific title Promoting habit formation in 
family physical activity.

Countries of recruitment Canada.

Health condition(s) or 
problem(s) studied

Child physical activity.

Intervention(s) Family based education, 
planning and habit formation.

Key inclusion and exclusion 
criteria

Ages eligible for study: families 
with children 6–12 years.
Accepts healthy volunteers: 
yes.
Inclusion criteria: child 
achieving less than 60 min of 
moderate to vigorous physical 
activity per day.
Exclusion criteria: child 
achieving more than 60 min of 
moderate to vigorous physical 
activity per day.

Study type Interventional.
Allocation: randomised.
Intervention model: parallel 
assignment.
Masking: single blind 
(participants).
Primary purpose: evaluate 
intervention designed to 
improve child physical activity 
through promoting parent 
support habit.

Date of first enrolment February 2017.

Target sample size 240 families.

Recruitment status Recruiting.

Primary outcome(s) Child moderate to vigorous 
physical activity.

Continued

planning+education (PLANNING); and (3) standard 
PA education (EDUCATION). The trial is testing the 
superiority of the HABIT condition. Randomisation is 
performed by the project coordinator using Excel Sheet 
Randomization with an allocation ratio of 1:1:1. Partic-
ipants are blind to their condition until their participa-
tion in the study is complete, at which point they are 
informed of their group by the project coordinator and/
or research assistant. Under no circumstance will partic-
ipants be informed of their condition while they are still 
enrolled in the study. Fitness testers are blind to each 
family’s condition, but the intervention delivery team is 
aware of the condition to allow for correct delivery of 
intervention materials.

MEthods
The study has been approved by the University of Victoria 
Human Research Ethics Board (HREB). The design, 
conduct and reporting of the trial has and continues to 
follow the Standard Protocol Items: Recommendations 
for Interventional Trials guidelines.40 The trial is regis-
tered with the Clinical Trials Registry at the National 
Library of Medicine at the National Institutes of Health 
( ClinicalTrials. gov). See table 1 for WHO Trial Registra-
tion Data Set items.

In the case of protocol modifications or amendments, 
the project coordinator submits the appropriate docu-
mentation to the HREB at the University of Victoria. 
Once approved, the project coordinator then updates the 
trial information on the Clinical Trials Registry.

Patient and public involvement
No funds or time were allocated for patient (participant) 
and public involvement in this study. Participants were 
not invited to comment on the study design and were 
not consulted to develop participant relevant outcomes 
or interpret the results. Participants will not be invited to 
contribute to the writing or editing of this document for 
readability or accuracy. Participants are given the oppor-
tunity to share their experience in the wrap up inter-
view providing information that will help inform future 
research.

Participants
Single or common law/married adult(s), with at least 
one child between the ages of 6 and 12 years, living in 
greater Victoria (including the Capital Regional District, 
Westshore Communities and Sooke) British Columbia, 
Canada, are being recruited for this study. If more than 
one child is eligible in this range, one child is randomly 
(computer randomiser) designated as the target for anal-
ysis, yet all willing children are included in the study. 
Families are included if the child participant is achieving 
less than the recommended 2011 Canadian PA guidelines 
of 60 min of MVPA daily.5

The age group of 6–12 years was selected from our 
earlier pilot work.18 Specifically, children under 6 years 
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Data category Information

Key secondary outcomes Child fitness, parent support 
habit.

Table 1 Continued

of age engage in physical activity that is quite sporadic 
and thus very different than children 6 years and older.41 
Our decision to limit the age of children to 12 years was 
more practical; 12- year- old children represent the upper 
bound of the ‘tweens’, where parents are still very influ-
ential in PA decisions and PA interventions at the level of 
the parent would be still effective.12 42

recruitment
Recruitment is being conducted by the Behavioural Medi-
cine Lab at the University of Victoria in British Columbia, 
Canada. Parents with one or more children aged 6–12 
years are the primary target for recruitment. Victoria’s 
population is representative of Canada: according to data 
from the 2016 Canadian census, the age distribution, 
family structure and income of Victoria residents are 
similar to those of Canada.43

Participants are being recruited through the social 
media platforms Facebook and Instagram, posters at 
community facilities, in person at local markets and festi-
vals and through word of mouth. Facebook and Instagram 
posts are made bimonthly by the Behavioural Medi-
cine Lab recruitment officer on the Behavioural Medi-
cine Lab Facebook page (https://www. facebook. com/ 
UVicBMED/) and Instagram account (@uvicbmed), 
which are linked, meaning a post made on Facebook is 
simultaneously shared on Instagram and vice versa. Posts 
are limited to 100 words or less and briefly describe the 
intent of the study and those eligible to partake, asking 
those interested to contact the Behavioural Medicine 
Lab through email or phone information provided in the 
post. Facebook posts are also shared to relevant Facebook 
groups (eg, neighbourhood groups and young parent 
groups). Facebook posts are ‘boosted’ by paying a small 
fee to have the post appear as an ad in a target demograph-
ic’s news feed. This increases the reach of the Facebook 
post with the goal of increasing recruitment. The target 
demographic is specified by selecting variables of age, 
location of residence and other filters such as ‘parents’, 
and the ads typically run for 7 days. The Recruitment 
officer also sets up a recruitment booth twice per month 
at local markets and festival events during the summer 
and at community and recreation centres in the winter 
to engage with potential participants, answer questions 
and collect contact information for interested families. 
Posters are put up every 3–4 months by a research assis-
tant and/or recruitment officer in all major recreation 
centres in the area, as well as shopping centres, health-
care centres and schools. Word of mouth is also used 
as a recruitment strategy by asking participants to share 
information about the study with acquaintances. Since 

participants self- select, application of the results will be 
limited to families already interested in supporting their 
child’s PA.

Enrolment
When interested parents contact the lab, the recruitment 
officer(s) follows up with an email to schedule a phone 
conversation. If initial contact is a message through Insta-
gram or Facebook, the recruitment officer replies asking 
the person to call/email or provide their contact infor-
mation to be contacted by phone or email. An initial 
recruitment phone interview is set up with the recruit-
ment officer. Participant families are screened by parent 
report of average child PA per day as well as the ParQ+ 
Health Screening Questionnaire.44 If screened in, then 
the recruitment officer books the baseline fitness test 
and advises the project coordinator who follows up with 
the family and schedules a fitness tester for the baseline 
session. Fitness testers are all certified personal trainers 
or clinical exercise physiologists registered with the Cana-
dian Society for Exercise Physiology.

During the baseline session, the fitness tester obtains 
written consent from parents and verbal consent from 
children (see online supplementary appendix 1). Partic-
ipants are asked not to participate in any other research 
studies while enrolled in the present study. After the base-
line session, children wear an accelerometer for 7 days. 
The intervention delivery session is scheduled after the 
week of accelerometer wear; once scheduled, the project 
coordinator randomly assigns the family to one of the 
three conditions and prepares the appropriate materials 
for the research assistant to take with them to the partic-
ipants’ home. The research assistants are kinesiology 
and psychology undergraduate and graduate students. 
These are paid positions that involve thorough training 
in the lab and in the field. Training involves review of a 
training manual and the research study materials, shad-
owing sessions with experienced research assistants, and 
practising delivering sessions with other research assis-
tants. Research Assistants must successfully demonstrate 
all participant appointments to the project coordinator 
to confirm that they are ready to take the lead on these 
deliveries and check ins with participants on their own.

Participating families receive an honorarium at base-
line ($25), 6 weeks ($30), 3 months ($35) and 6 months 
($40) for a total of $130. Families only receive honorar-
iums if they complete all the measures for the check in 
(accelerometers, logbooks and questionnaires).

Intervention
The intervention is conducted in- person with a research 
assistant and the family at the family home and includes 
take away material for the families to use later on. The 
material is a condition- specific PA workbook and serves 
as a template for the dialogue between the research assis-
tant and families during the intervention delivery. The 
research assistant explains each section of the book to 
families as per the intervention delivery script from the 

https://www.facebook.com/UVicBMED/
https://www.facebook.com/UVicBMED/
https://dx.doi.org/10.1136/bmjopen-2019-033732
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Table 2 Description of intervention components and associated behaviour change techniques

Intervention condition Resources included in booklet
Physical activity behaviour change 
techniques

BCT 
taxonomy 
construct

Education Canadian 24- hour Movement Guidelines: included list of 
benefits of physical activity.

Instruction on how to perform a 
behaviour.

4.1

Information about health 
consequences.

5.1

Salience of consequences. 5.2

Information about social and 
environmental consequences.

5.3

Information about emotional 
consequences.

5.6

Planning
(includes education 
condition resources)

Goal setting materials.
Explanation of SMART goals (specific, manageable, 
achievable, realistic, timely), self- monitoring.
Family physical activity planning worksheets:
included brainstorming worksheets for where to be active, 
new modes for being active, how to plan activity, how to 
incorporate rewards and journaling and tracking worksheets.

Goal setting (behaviour). 1.1

Problem solving. 1.2

Action planning. 1.4

Self- monitoring of behaviour. 2.3

Self- monitoring of outcome(s) of 
behaviour.

2.4

Social support (practical). 3.2

Social support (emotional). 3.3

Non- specific reward. 10.3

Self- incentive. 10.7

Restructure physical environment. 12.1

Restructure social environment. 12.2

  Habit
  (includes education 

and planning group 
resources)

Habit building resources.
Explanation and examples of habits, introduction to cues and 
anchoring, brainstorming and planning worksheets.

Prompts/cues. 7.1

Behavioural practice/rehearsal. 8.1

Habit formation. 8.3

Behaviour change techniques are coded as outlined by the Behaviour Change Technique (BCT) Taxonomy Version 1.45

training manual, answering questions as needed and 
ensuring that families are comfortable to complete the 
workbook in the coming weeks. Families are asked not 
to share any information with any acquaintances who 
happen to be participating in the same study. Interven-
tion delivery sessions range from 25 min to 40 min in 
length depending on the condition and the family.

The workbook is designed for families with information 
directed at the parent to review with the child, sections 
for parents and children to complete together and some 
sections for the parent to complete on their own. The 
material incorporates established behaviour change tech-
niques to promote child PA. The full list of behaviour 
change techniques employed in each condition are 
summarised in table 2 as per Michie et al’s45 Behaviour 
Change Taxonomy (BCT). These techniques are incor-
porated in the workbook and reinforced by the discussion 
between the research assistant and the family.

The three intervention conditions follow and advance 
the prior work conducted in our successful habit forma-
tion pilot trial32 and feasibility study, but now tested in 
comparison with our work on family physical activity 
planning.18 22 46 The condition of key interest (HABIT) 
is focused on the behaviour change technique of habit 
formation with the goal of impacting initiation of parental 

physical activity support and not the actual execution of 
child physical activity or execution of support behaviour, 
which may be quite mindful.47 Contemporary research 
has shown that habits in the PA domain can be discerned 
into habitual instigation—whereby, in this instance, a 
parent non- consciously ‘decides’ to provide PA activity 
support—and habitual execution, whereby a parent non- 
consciously performs the actions involved in providing 
PA support.48 49 The HABIT condition is focused on 
encouraging the formation of instigation habits, such that 
parents are automatically ‘reminded’ to select PA support 
(from available alternatives). We are not attempting to 
promote non- conscious engagement in child PA support 
(ie, execution habit).

Six- week and 3- month check- ins, or ‘booster’ sessions, 
are scheduled by the project coordinator with families in 
all conditions. This involves a 10–15 min house visit by a 
research assistant to discuss the families’ experience so 
far. Research assistants follow a check in script included 
in the training manual and review the intervention 
delivery materials as needed to support family problem 
solving (BCT construct 1.2) and promote adherence to 
the intervention. Based on what the family expresses as 
personal challenges or barriers, the research assistant will 
re- emphasise strategies in the workbook that address that 
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concern. For example, if a family expresses difficulty with 
planning PA, the research assistant will go through the 
intervention materials again to help the family identify 
what techniques they can focus on (such as rewards or 
tracking) and help to brainstorm strategies.

Education condition (EDUCATION)
The standard EDUCATION package consists of the Cana-
dian 24- hour Movement Guidelines for children recom-
mending at least 60 min of MVPA per day and vigorous 
intensity activities at least three times per week (BCT 
construct 5.1).4 The guide also contains information 
about the benefits of PA for children (BCT construct 5.2, 
5.3 and 5.6), explanations of what moderate and vigorous 
intensity activities are, and ideas for physical activities 
including structured (eg, play a sport) and unstructured 
(eg, go to the playground) examples (BCT construct 
4.1). The research assistant reviews this information with 
families.

Planning+education group (PLANNING)
Participants in the PA planning intervention condi-
tion receive the same guidelines and information as 
the EDUCATION condition but are also provided with 
family PA planning material for parents and children 
to complete together. Goal setting and self monitoring 
are explained by the research assistant followed by a skill 
training component, which is a section on how to plan for 
family PA. The workbook includes a brainstorming exer-
cise for families where they list PAs that they have found 
fun in the past, as well as activities that they would find 
enjoyable to do as a family. This brainstormed list helps 
create the template for PA planning by contextualising 
what the participants would like to do and the subsequent 
necessary support behaviours for parents (BCT construct 
3.2, 3.3, 12.1 and 12.2). Research assistants explain the 
exercise and support brainstorming with families as 
needed.

The skill training material is based on our previous 
family- based PA interventions that have demonstrated 
the effectiveness of targeting family based self- regulatory 
processes such as planning, goal setting, problem solving 
and self- monitoring for increasing PA outcomes in chil-
dren.18 22 46 The workbook facilitates goal setting and 
problem solving (BCT constructs 1.1 and 1.2). Families 
are instructed to plan for ‘when’, ‘where’, ‘how’ and 
‘what’ PA will be performed commensurate with the 
creation of action planning (BCT construct 1.4) and 
implementation intentions (eg, refs 50 51). This section 
is followed by a page on rewards (BCT constructs 10.3 
and 10.7) with space for children to brainstorm activities 
other than PA that they would like to do and that can 
function as a reward for when children engage in their 
planned PA. The final page is a journal and tracking 
sheet for families to log child PA (when, what, where 
and outcomes, eg, how the child felt and what happened 
right after) (BCT construct 2.3 and 2.4). The design of all 
material was created for prior research18 22 46 and features 

graphic design and colour images that represent family 
PA. The research assistant reviews each section with fami-
lies, explains how to complete them and informs them 
that their participation in the study includes completing 
the workbook.

Habit+planning+education group (HABIT)
Participants in the habit formation condition receive the 
same content as the EDUCATION condition and PLAN-
NING condition as well as additional material on creating 
parent support habits for child PA. As with the other 
conditions, the research assistant reviews the workbook 
with families and answers questions as needed. While 
parent support habit includes the child, this section of 
the workbook is directed more to the parent as the habit 
of interest is parental support of child PA. The material 
is taken from research on habit formation33 and our 
successful pilot study32 but adapted in our feasibility study 
to the same colourful style and format as the other infor-
mation provided. The material includes a brief discussion 
of what habits are with some very straightforward non- PA 
related examples such as preparing for sleep routines or 
selecting the car to commute to work. A key component 
of the habit section is based on planning for context- 
dependent repetition (BCT constructs 8.1 and 8.3), with 
pointers on how to maintain repetition as habit forms. 
The use of script elicitation to understand/describe 
existing routines and spot points at which PA support can 
be inserted follows. This involves a worksheet for parents 
to brainstorm existing routines in their child’s life (eg, 
family brunch on Sundays) and then identify what PAs 
brainstormed in the planning section with the child that 
might be tagged on to the routine (eg, family walk after 
brunch every Sunday). This process has been successful 
in forming habits in other behavioural domains52 as it 
helps identify reliable and consistent behaviour patterns 
into which new behaviours may be inserted to optimise 
the likelihood of the context- dependent performance 
required for habit to form. Cues are then introduced 
as factors to support habit formation (BCT construct 
7.1). Based on our previously successful trial,32 cues are 
described as those factors that prompt a behaviour with 
a discussion of temporal, social, mood and visual cues to 
support PA.53 Cues are considered factors that: (A) can 
reliably precede the support activity but (b) rarely be 
present when the activity is not to be performed. Examples 
of cues are provided such as a soccer gear bag that is put 
out in the morning before the family leaves for school and 
work, which prompts taking the child to soccer when it is 
seen on the family’s return to the house (visual cue). The 
soccer gear bag is then removed from sight until the next 
soccer day. Examples of temporal cues are also provided, 
such taking the children on a walk with the family dog 
after dinner, where dinner occurs once a day and can 
serve to pair well with the family’s new plan to walk. We 
suggest that cues that are repeatedly present during times 
when family PA is not performed—for example, a sign on 
a door that the family walks by all the time—should not 
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be considered, as it reduces the salience of the cue and 
so its potential for activating the desired action at oppor-
tune moments. Parents are reminded of the importance 
of having consistent support practices for child PA. It is 
made clear that this does not necessarily mean the same 
activity all the time, but it means consistent protected 
time where support is performed so it links with support 
instigation habits. This could mean child soccer practice 
every Tuesday night, family PA every Sunday after dinner 
or encouraging the kids to play in the back yard each 
day after school. Parents are then asked to brainstorm 
and create a plan of consistency and cues with the work-
books provided. Parent support of child PA may include 
coparticipation in PA by the parent (such as the family 
walk after dinner) or not (such as driving the child to 
sport practice). The final pages of the HABIT materials 
are titled ‘Ten tips for turning exercise intentions into 
actions’ and summarises evidence- based PA promotion 
practices, presenting the information in an accessible way. 
The research assistant reviews all sections and worksheets 
with families, explains how to complete them and informs 
them that participation in the study includes completing 
the workbook.

The intervention is discontinued if participants choose 
to withdraw from the study.

outCoME MEAsurEs
Differences between the HABIT condition are being 
tested relative to the PLANNING and EDUCATION 
conditions.

Primary outcome measure
Child MVPA is measured using 7- day accelerometery with 
the Actigraph wGT3X- BT Activity Monitor. Child MVPA 
will be evaluated as change from baseline at 6 weeks, 3 
months and 6 months. Child MVPA will be determined 
using the Evenson54 cutpoints based off of recommen-
dations from Trost et al.55 Evenson cutpoints define 
moderate activity as 2296–4011 counts per minute (CPM) 
and vigorous activity as ≥4012 CPM. Therefore, MVPA will 
be any activity ≥2296 CPM.

Children wear the accelerometer on an elastic belt 
secured snugly around the waist with the device on their 
left hip for a minimum of 10 hours per day for seven 
consecutive days. Participants are instructed to remove 
the accelerometers for water- based activities as they are 
not waterproof. A logbook is provided for participants to 
note when accelerometers were removed for water- based 
activity or any other reason, provide other details of each 
day (eg, if their routine was changed for any reason) 
and record the details of their accelerometer wear days. 
ActiLife software version 6.11.956 is used to initialise 
accelerometers and download data and will be used to 
analyse the data. The accelerometers are initialised to 
collect prefiltered data at a sample rate of 30 Hz for the 
children and are downloaded into 10 s epochs to capture 
the sporadic nature of child PA.57–59 For determining 

valid wear time, the Troiano algorithm is used, which 
defines non- wear time as a period of at least 60 consecu-
tive minutes of zero counts, with an allowance for 1–2 min 
of counts between 0 and 100.60 A minimum of 4 days with 
at least 600 min per day including at least 1 weekend day 
of valid wear time will be included in our analyses based 
on recommended best practice.59 61

secondary outcome measures
Child PA measures
Children are asked to complete a modified version of the 
Physical Activity Questionnaire for Children (PAQ- C)62 at 
baseline, 6 weeks, 3 months and 6 months. This measure 
is included in addition to accelerometry measured PA as 
they are not identical measures: including self- report PA 
will allow for assessment of volitional PA.63 These recall 
questionnaires were designed to assess regular MVPA in 
children and adolescents. Frequency of different types of 
activity as well as intensity are assessed. The PAQ- C was 
validated against questionnaires, teacher rating, uniaxial 
accelerometer counts (Caltrac), fitness test (step test) 
and interview- assisted recall (r=0.39–0.63).62 Questions 
on barriers to physical activity are also included in these 
questionnaires to determine PA capability.

Parent report of child PA and family PA are also assessed 
using a modified Godin Leisure- Time Exercise Ques-
tionnaire64 asking frequency and duration of structured 
versus unstructured PA performed individually (child) 
and as a family (family).

The baseline and 6- month questionnaires are completed 
in the lab and the 6- week and 3- month questionnaires are 
sent as a link in an email to the parent and completed at 
the participant’s home.

Child health-related fitness
Health- related fitness is assessed in the lab at baseline 
and 6 months as per the Canadian Assessment of Phys-
ical Literacy physical fitness testing protocol.65 The key 
components of body composition, cardiovascular fitness 
and musculoskeletal fitness are tested. Body mass (kg), 
height (cm), body mass index and waist circumference 
(cm) are measured according to standard procedures. 
Cardiovascular fitness is assessed by performance on the 
Leger 20 m shuttle run. Musculoskeletal fitness involves a 
test of grip strength, the sit and reach test and the plank 
hold test. All tests are conducted by qualified exercise 
professionals using specialised equipment. The total time 
required for the health- related physical fitness measure-
ments is approximately 30 min per person.

Parent support and support habit
The Activity Support Scale for Multiple Groups66 is used 
to measure parent support of child physical activity.

Parental support habit for child physical activity is 
measured with an adapted Self- Reported Habit Strength 
Index,67 which provides the opportunity to use the self- 
reported behavioural automaticity index subscale68 as 
well. Parents respond on a five- point scale to questions in 
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the following format: ‘Regular support of my child’s PA 
is something I do…. automatically, frequently, etc.’. The 
Self- Reported Habit Strength Index has been shown to 
map well to measuring instigation habit.69 Both measures 
show excellent reliability and validity in self- reported and 
objective PA assessment.70 These measures evaluate the 
construct of habit, which is a component of the M- PAC 
framework, and have been adapted to parental support 
habits.38 All measures are examined at all time points 
(baseline, 6 weeks, 3 months and 6 months).

tertiary outcome measures
Parent PA
Parents self- report PA using the Godin Leisure- Time 
Exercise Questionnaire64 71 at all time points. This ques-
tionnaire assesses the frequency of mild, moderate and 
strenuous activity performed during free time in a typical 
week.

Other parent factors
The 12- item Short- Form Health Survey72 is used to deter-
mine parental quality of life, and the Family Environment 
Scale73 is used to assess family functioning at baseline, 6 
weeks, 3 months and 6 months. At one time point during 
the study, personality (Revised NEO Personality Inven-
tory74), parenting sense of competence (the Parenting 
Sense of Competence scale75) and PA availability (from 
the Home Environment Survey76) are assessed.

M-PAC constructs for parental support of PA
In addition to habit, other M- PAC constructs of affective 
attitude, instrumental attitude and perceived behavioural 
control are assessed using the constructs of the theory 
of planned behaviour.77 Intention is measured using two 
questions employed in previous work with the Theory 
of Planned Behavior,78 79 asking about commitment 
and intention to support child PA. Behavioural regu-
lation is measured via the instrument from Sniehotta 
and colleagues80 and parent support identity (whether 
parents identify as being a supportive of their child’s phys-
ical activity) is measured via a modified exercise identity 
scale from Anderson and colleagues.81–83 Measures from 
these instruments have demonstrated excellent predictive 
validity and internal consistency in adults,84–86 parental 
PA support42 and child/adolescent populations.87 The 
instruments have displayed validity for both personal and 
family- based (ie, activities as a family collective) PA.38 88

demographics
The baseline questionnaire includes questions to assesses 
characteristics including age, gender, marital status, 
ethnicity, level of education, income level, number, 
gender, and age of children and employment information.

Manipulation check outcomes
The manipulation check outcomes of the study are exam-
ined via parent self- report of cue use and consistency on 
the questionnaires at 6 weeks, 3 months and 6 months,32 
as well as a short process evaluation of the intervention 

at 6 months. The consistency item asks parents ‘over the 
past 6 weeks/3 months, how consistently did you support 
your child to be physically active at the same time each 
day?’ on a five- point scale from not consistent (random) 
to very consistent. For cue consistency, parents rank state-
ments from ‘Not true at all’ to ‘very true’ on a seven- point 
scale related to the question ‘over the last 6 weeks/3 
months each time I supported my child to be physically 
active…’. Statements refer to different types of cues such 
as temporal (‘it was the same time of day, I was doing the 
same type of activity’), visual (‘I was in the same place’), 
social (‘I was around the same people’) and mood (‘I was 
in the same mood’).

The process evaluation procedures involve a brief 
quantitative questionnaire included on the final 6- month 
parent questionnaire to assess use of the intervention 
material and overall satisfaction of the study.89 Second, 
semistructured interviews are conducted with fami-
lies during the 6- month lab session, allowing for more 
in- depth examination of intervention material use and 
satisfaction of the study. All parents complete the inter-
view and children have the option to participate along-
side their parent. Some straightforward quantitative 
questions (eg, did you use the intervention materials, 
how often) are included in this interview as these have 
proved useful in our prior evaluations.22 Participants have 
the opportunity to elaborate on their response to each 
question, providing more context. Key open- ended ques-
tions include family PA type and frequency, barriers and 
changes. The PLANNING and HABIT group participants 
are also asked if they used the material, found it useful in 
promoting PA and why/why not. All participants have the 
opportunity to provide any other feedback as well.

statistical power and sample size
Given the hierarchical nature of the data (ie, the four 
measurement occasions at level-1 were considered to 
be nested within the participant at level-2), the OpDes 
Program for power estimation of hierarchical linear 
models90 was used. With a frequency of four measure-
ment occasions, three conditions, a duration of 6 months 
as the primary end- point, within- person variance of 1.0, a 
growth rate of 1.0 and a small effect size (d=0.30–0.40), a 
minimum of 150 families with a goal of 240 families (ie, 
50–80 children per condition) are needed to show signif-
icant difference in PA accelerometry (minutes of MVPA 
primary outcome) by condition over time. The effect 
size represents the findings from our prior intervention 
research with this demographic18 22 and considering our 
pilot study on habit formation,36 yet it is clearly in the 
range for the detection of differences between the PLAN-
NING and HABIT conditions.91 92

data management
Confidentiality procedures are outlined on the consent 
form. Each participant is given an ID#, all hardcopy data 
(fitness test records and accelerometer logbooks) is kept 
in locked cabinets in a locked lab at the University of 
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Victoria, data entered on the computer (accelerometer 
data and fitness test data) are stored on secure servers. 
Questionnaire data are stored on SurveyMonkey servers 
in Canada. Only the research team has access to the 
data. The details of data confidentiality and storage are 
included in the consent form and explained to partic-
ipants by the research assistant during the baseline lab 
session. If a participant chooses to withdraw from the 
study, they are asked by the project coordinator if they 
would like their data to be destroyed or if the data that 
have been collected to that point can be used in the 
study. Participants receive a report of their data when 
they are complete with participation. A formal data moni-
toring committee has not been created for this interven-
tion; however, the project coordinator provides monthly 
reports on participant numbers and trial progress to the 
principal investigator. The trial will be stopped when 
target participant numbers are achieved and/or at the 
grant deadline of June 2020. The final decision will be 
made by the principal investigator. The research team 
(including project coordinator, assistants and fitness 
testers) are trained to document and report any adverse 
events to the project coordinator and principal investi-
gator. Depending on the nature of the event, action will 
be taken to ensure safety of all parties involved.

Analysis strategy
Missing data will be evaluated for pattern of missingness for 
each outcome at all time points using the dummy coding 
procedures of Allison.93 Depending on the outcome of 
these tests (eg, missing at random and missing completely 
at random), we will initiate the appropriate missing 
data handling strategy. Intention- to- treat (ITT) analyses 
will also be performed in addition to sensitivity analysis 
procedures. The first set of analyses will make preliminary 
demographic comparisons among adherers to the study 
versus drop- outs. These analyses will allow us to deter-
mine the representativeness of the sample. To determine 
whether minutes/day of MVPA change over time simi-
larly for all three conditions, a level 1 model will be spec-
ified wherein the intercept (ie, minutes/day of MVPA at 
baseline) will be allowed to vary randomly (ie, vary across 
participants) and the slope for the linear trend will be 
constrained to be fixed (ie, the same across participants) 
controlling for important covariates (ie, demographics) at 
level 2. Additionally, dummy variables will be created for 
condition (HABIT: 1=yes or 2=no; PLANNING: 1=yes or 
2=no; EDUCATION: 1=yes or 2=No) at level 2 with the 
HABIT and PLANNING condition variables being added 
to the model to predict the intercept and slope at level 1. 
In doing so, the EDUCATION group is compared against 
the other two groups to determine if baseline MVPA is 
similar across conditions and whether the change in 
MVPA is similar across conditions. Follow- up analyses will 
be conducted for the HABIT versus PLANNING condi-
tion comparison. The same analytical approach will be 
used to determine whether there are group differences in 
the health- related fitness outcomes and tertiary outcomes 

of parent physical activity and health- related quality of 
life. To determine whether the change in the underlying 
motives explain the potential change in MVPA during the 
intervention similarly for all three groups, a time- varying 
covariate mediation analysis approach will be used 
following the procedure outlined by Krull and MacK-
innon94 for level 1 mediation. Briefly, the analyses needed 
to establish mediation will treat the underlying motives as 
time- varying covariates at level-1 of the model. Then, the 
dummy- coded condition variables will be entered at level 
2 to determine if the mediation relationships are similar 
across groups. Finally, to determine whether there is a 
seasonal, intergenerational or gender difference across 
the primary and secondary outcomes, each variable will 
be entered into the various models at level 2 to predict 
the intercepts and slopes at level 1. Doing so will deter-
mine if they impact the change in the various outcomes 
across time.

The end of study process evaluation questions will 
be analysed using descriptive statistics. Qualitative data 
analysis will be overseen by the principal investigator but 
conducted by research assistants unconnected with the 
intervention activities.95 The responses to open- ended 
questions will be categorised and coded into common 
themes.96

rEsults
At time of submission (August 2019), we have obtained 
ethical approval, registered the trial and recruited 123 
families. Recruitment is expected to be complete in 
December 2020. From the 123 families recruited, 22 
have completed baseline measures, 19 have completed 
the 6- week measures, 12 have completed the 3- month 
measures, 52 have completed the study and 18 have 
dropped out. See figure 1 for the study procedures and 
participant flow chart.

dIsCussIon
This protocol paper outlines the implementation of a 
randomised trial employing parent supported physical 
activity habit formation strategies with their children. The 
guiding conceptual model is the M- PAC framework, and 
the overall goal is increased physical activity behaviour in 
children.

Ethics and dissemination
This protocol has been approved by the University of 
Victoria HREB (Victoria, Canada). Details on obtaining 
consent from participants and confidentiality is outlined 
in the Methods section. No harms are expected as a result 
of participation in this study; however, participants are 
provided with contact information for the project coor-
dinator, principal investigator and HREB in the case they 
have something to report. Results from this trial will be 
shared at conferences as presentations and in scientific 
journals as published manuscripts. Participants who 
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Figure 1 Study procedures and participant flow chart. MVPA, moderate to vigorous physical activity; PA, physical activity.

express interest in study results will be made aware of any 
relevant publications. Public access to the participant level 
dataset will not be granted. There are no current plans to 
grant public access to the full protocol or statistical code. 
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are eligible for authorship on subsequent publications.
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