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Abstract: Despite the extensive evidence on the benefits of physical activity (PA) in older adults,
including reduced risk of disease, mortality, falls, and cognitive and functional decline, most do not
attain sufficient PA levels. Theoretical work suggests that behavioral change interventions are most
effective during life transitions, and as such, a theory-based, online intervention tailored for recently
retired and empty nest individuals could lend support for increasing levels of PA. The aim of this
study is to examine the feasibility of the intervention and study procedures for a future controlled trial.
This study has a randomized controlled trial design with an embedded qualitative and quantitative
process evaluation. Participants are randomized at 1:1 between the intervention and waitlist controls.
Potential participants are within six months of their final child leaving the familial home or within six
months of retiring (self-defined), currently not meeting the Canadian PA guidelines, have no serious
contraindications to exercise, and are residing in Victoria, British Columbia, Canada. Participants are
recruited by online and print flyers as well as in-person at community events. The study aims to recruit
40 empty nest and 40 retired participants; half of each group received the intervention during the study
period. The internet-delivered intervention is delivered over a 10-week period, comprising 10 modules
addressing behavior change techniques associated with PA. Primary outcomes relate to recruitment,
attrition, data collection, intervention delivery, and acceptability. Secondary behavioral outcomes are
measured at baseline and post-treatment (10 weeks). Intervention-selected participants are invited to
an optional qualitative exit interview. The results of this feasibility study will inform the planning
of a randomized effectiveness trial, that will examine the behavior change, health-related fitness,
and well-being outcomes by exploring how reflexive processes of habit and identity may bridge
adoption and maintenance in behavioral adherence.

Keywords: physical activity; retirement; empty nest; life course transitions; habit; identity;
behavioral change

1. Introduction

Engaging in a healthy lifestyle at midlife can help deflect a number of aging-related declines,
including the loss of physical and cognitive function, weakening of subjective well-being, quality of life,
social support, connectedness, and a reduced capacity to live independently [1–8]. Regular physical
activity (PA) is a lifestyle pillar upon which health may be supported in all these domains;
therefore, engaging in PA has the potential to substantially increase an individual’s quality of life,
while reducing reliance on health and social services as people age. For adults, 150 min of moderate to
vigorous aerobic PA per week is recommended [9], and yet involvement in PA continues to be plagued
with low participation rates across the lifespan [10,11].
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While the onset of parenthood is clearly associated with significant declines in PA for adults [12],
other life transitions, such as retirement and the end of child rearing, may serve to restructure
individuals’ lives in ways that reduce barriers to regular PA. Retirement, for example, may eliminate
work related pressures [13–20], while post-child rearing may alleviate family obligations [21–25].
As such, both life transitions may substantially reduce time constraints, making regular PA levels easier
to achieve. Research generally supports the hypothesis that retired people have more time to allocate
to PA leisure activities such as gardening, walking, and sport participation [26–29]. Though there has
been a lack of sustained empirical enquiry into the activity patterns of parents entering the empty nest
period, it is intuitive that leisure time would be inversely associated with the time spent performing
child care [30].

Importantly, life course transitions may also impact upon habits and identity in ways that
influence PA and sustained behavioral change. After the preliminary phase of behavioral initiation,
the continuation of PA behavior is thought to be influenced by reflexive processes of habit (processes
of learned stimulus–response association [31]) and identity (which incites to align self-concept and
behavior enactment) [32], as maintenance constructs. These concepts are embedded within the
conceptual framework employed in this study, the multi-process action control model, which suggests
that habits and identity change may be of particular utility to these populations proposed [33,34].
Being related to habit and social roles, both retirement and empty nest phases may also lead to
a reassessment of life goals and reframing of identity [35–37]. As such, both transitions may be
a time to dislodge old habits and create new ones [38–41]. Thus far, research (mostly within travel
mode choices [42–44]) supports the habit discontinuity hypothesis, which states that behavior change
interventions are most effective when delivered in the context of life course changes, as habit strength
may be weakened, or even broken, by a sufficiently large change in the context in which a behavior is
performed [38].

While the habit formation concept has seen promising results in physical activity research,
[31,45–47] to our knowledge, the habit discontinuity theory has not yet been utilized to explore the
relationships that may exist between PA levels and retirement, or empty nest transitions. The paucity
of research on promoting PA during these times of life transition points to the need to explore whether
or not these transition points may be a uniquely effective “window of opportunity” for PA health
interventions. Systematic reviews that have synthesized intervention data from the retirement life
stage lend support for their effectiveness on PA and other health outcomes [48–50]. Yet, still relatively
few randomized controlled trials (RCTs) have purposefully delivered behavioral health interventions
to the recently retired [51–53] and to our knowledge, there are no published reports of PA interventions
targeting empty nest population groups.

2. Study Objectives

Consistent with the objectives for feasibility studies, the primary aim of this study is to examine the
feasibility of the trial methods, processes, and acceptability of a theory-based online physical activity
intervention targeting recently empty nest and retired individuals for increased physical activity levels.
Outcomes will be assessed relating to recruitment, retention, data collection, intervention delivery,
and satisfaction/acceptability. Further to these objectives, we seek to evaluate participants’ experiences
and opinions of the intervention, as a basis for refining a future RCT.

Research Questions:

• What are the recruitment and retention rates of the study, established by the number of participants
who were identified, eligible, consented, randomized, completed the program, and followed-up
10 weeks after baseline?

• What are the most appropriate outcome measures for a future RCT, considering the acceptability,
reliability, and data quality of the administered measures?

• How acceptable are the intervention and trial procedures for participants?
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Secondary objectives include evaluating the self-reported moderate and vigorous PA (MVPA)
levels, change of habits, identity, and other PA-relevant behavioral constructs at 10 weeks.

2.1. Rationale

In their (2018) systematic review of effectiveness in technology-based interventions promoting
the mental health and wellbeing of people aged 65 and over, Forsman and colleagues point out that
many of the studies in this field concentrate on supporting older adults in a fragile state and/or those
living with chronic conditions; however, there is also a need to promote healthy aging in the general
population [54]. They also note that very few studies in their review took the form of randomized
controlled trials (RCTs) and conclude that that there is a lack of methodologically rigorous evaluations
within this area. More generally, reviews of technology-based interventions on patient engagement
and behavior change found that while IT platform-based interventions had positive effects on health,
there are few published reports of the engagement and usability within the interventions [50,55,56].
This study directly addresses these limitations.

Within fields of policy, and research alike, a priority is to develop interventions that are personalized,
sustainable, and cost-effective. In the context of this, and widespread calls for research to address
and alleviate health inequities [57,58], web-based interventions are promising because they can be
tailored to the individual user, have potential for wide-scale use, and reach into rural settings to
access hard to reach groups. For this reason, initiatives with a technology-based focus, in terms of
delivery, may provide an efficient and cost-effective way of implementing large-scale health promotion,
including PA. While concerns have been raised about the applicability of and access to internet
interventions for older adults, population-based data suggest that in 2016, 92% of British Columbian
adults used the internet and 75% of Canadians aged 55–64 used the internet every day [59]. In 2012,
86.5% of British Columbians had access to the internet at home, and it is highly likely that number has
risen seven years later [60].

There is therefore good evidence to support the potential for the uptake of web-based interventions
amongst older adults, and this potential will only increase with the growing use of and familiarity
with the internet; in fact, it is likely that web-based information and support will continue to become
even more compatible with the preferences and needs of successive cohorts as people age.

2.2. Development of the Intervention and Theoretical Framework

Following calls for PA intervention research to clearly explicate how theoretical components align
with intervention components and study design, we now clarify the conceptual underpinnings of the
intervention used for this study [49].

When considering how to design this intervention, we were guided by the multi-process action
control (M-PAC) schematic [33], which builds from several streams of past theoretical literature.
This framework is novel in part due to the explicit layering of motivational (e.g., attitude, perceived
control), regulatory (e.g., planning), and reflective (e.g., habit, identity) processes that facilitate an
initial intention into successful on-going behavior [33,61–66]. While traditional theories predicting
PA behavior fixate upon the correlation of intention and PA, they are challenged by the enduring
“intention behavior gap”, illustrated in research that has shown up to 48% of intenders failed to follow
through with behavior [67]. The most recent Canadian PA “report card” cites that while 75% of adults
can be classified as exercise “intenders” only 16% follow through [68]. Integrating reflexive processes
such as habit and identity into conceptual models of PA participation has shown promising results
thus far in research [45,65,66,68] and within the terrain of life transitions such as retirement and empty
nest, and accounting for these processes may take on an even greater significance.

Recently our lab has ventured to operationalize the M-PAC model in a usable online platform,
and a full description of methods and results for this process has been reported elsewhere [62].
This intervention is currently in use in our lab for new mothers and adolescents, and to date,
one feasibility study has been completed with university students [69]. While some of these studies
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are still in progress, early results indicate that overall, university students and new mothers perceive
proposed study procedures and the receipt of internet-administered support as acceptable [69].
These findings helped to inform the study procedures of the present feasibility study.

3. Methods

The study is being conducted in accordance with the Declaration of Helsinki, and was approved by
the University of Victoria Human Research Ethics Board (HREB) on 18 September 2019. This protocol
is reported according to the guidelines presented in the Consolidated Standards of Reporting Trials’
(CONSORT) 2010 statement extension for randomized pilot and feasibility studies [70]. The trial
is registered with the Protocol Registration and Results System (PRS), Trial Number Register
[NCT04116372].

3.1. Design

The study has a controlled baseline, post-intervention (10-weeks) evaluative design with
an embedded qualitative and quantitative process evaluation. All intervention condition participants
receive the internet-administered intervention for 10-weeks, comprising 10 modules addressing key
behavioral concepts related to PA behavior, with additional content tailored towards empty nest
and retired individuals. The development process of the base 10-week program has been reported
elsewhere [62].

3.2. Eligibility Criteria

The eligible population includes recently retired and empty nest individuals, who are in addition
not currently meeting PA guidelines (attaining less than 150 min of MVPA per week). We used the
previous 6 months to delineate a split of “recent” or “not recently” retired, or had their last child leave
the family home; however, we acknowledge that this split is relatively arbitrary and 12 months may
encourage a larger reach of participants.

In other work exploring the habit discontinuity thesis, Verplanken et al. (2008) suggested that a
period of 12 months may be suitable to evaluate the effects on travel mode use after moving home [39].
Later work broadly supports this concept, however, the strongest differences in the predicted probability
were observed in the very early months after moving home, and soon decreased over time, suggesting
a declining influence of contextual changes [71].

Exclusion criteria for our study were as follows: have not retired (self-defined) within 6 months
or last child has not moved out of the familial home within 6 months. Participants are excluded if
they are unable to speak and read English, and do not have access to the internet, a smart phone,
or computer that can support the eHealth application we are using for the intervention. In addition,
as assessed by the Get Active Questionnaire (GAQ) 2017, developed by the Canadian Society for
Exercise Physiology (CSEP), a documented or patient-reported medical condition that would preclude
participation, including within 6 months of having a diagnosis of/treatment for heart disease or
stroke, or pain/discomfort/pressure in the chest during activities of daily living or during physical
activity, a diagnosis of/treatment for high blood pressure, or a resting BP of 160/90 mmHg or higher,
dizziness or lightheadedness during physical activity, shortness of breath at rest, loss of consciousness
or fainting for any reason, concussion, pain or swelling in any part of the body (such as from an
injury, acute flare-up of arthritis), or any other clinical condition that the person’s GP or clinician
considers would make them unsuitable for participation in a physical activity program (such as
diabetes, cancer, osteoporosis, asthma, spinal cord injury) [72]. Following recommendations of sample
sizes of 50–60 being appropriate to assess the feasibility outcomes and estimate the sample size for
a definite trial, we aim to recruit 80 participants [73].
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3.3. Recruitment

To raise awareness of the study, advertisements have been placed on relevant social media sites
and printed flyers have been distributed throughout the Greater Victoria Capital Regional District,
in recreational centers, community centers, churches, grocery stores, coffee shops, libraries, and other
relevant organizations. Study information has been circulated to volunteer groups, newcomers’ groups,
as well as volunteer lists of potentially relevant organizations. Some outreach has been done in person
at community events. Interested individuals receive more information about the study by telephoning
or emailing the research coordinator.

Research suggests that reminders improves recruitment rates [74] and as such, where telephone
numbers are provided, a member of the research team telephones all potential participants with the
goal of answering any questions the person may have regarding the study and ascertaining interest
in participation. In instances where a telephone call is not answered, a maximum of four additional
telephone calls are made, and two telephone messages left over the following 2 weeks.

When potential participants interested in the study contact the research coordinator by email,
they are provided with details of the study and asked for consent to make telephone contact to answer
further study questions. At this time, they are verbally screened through the GAQ screening tool.
Those who meet the eligibility criteria and are interested in study participation schedule a time to visit
the lab.

3.4. Reasons for Non-Participation

Participants deciding to opt out of further contact are asked to provide further information and
reasons for non-participation; this data will be used to determine possible barriers to participation
and may provide information regarding the acceptability of the intervention. It is made clear to
participations that the provision of reasons for non-participation is optional and participants are not
required to report on why they do not wish to participate should they wish not to.

Participant flow through the study is illustrated in Figure 1 (adapted from CONSORT).
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3.5. Enrollment and Randomization

Once a person passes the telephone screening process, a baseline appointment is booked at the
University of Victoria Behavioural Medicine Lab, in which the participant is asked for informed written
consent as well as to compete a hard copy of the GAQ. Once both forms are completed, a participant
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completes baseline measures, and is assigned a participant number for confidentiality. Participants are
thereafter identified using participant numbers. Participants are subsequently randomized at a 1:1 ratio
to either the waitlist or intervention group using simple sequentially randomized “sealed envelope”
randomization codes. A research assistant not associated with the present study preformed the
randomization sequence in Excel and prepared the opaque sealed envelopes to be distributed in
a numerical sequence to confirmed eligible study participants. Following random assignment,
“intervention condition” participants are immediately provided access to the online intervention and
emailed a link to the web intervention. The web-based intervention proceeds over a 10-week period.

Waitlist-selected participants are told to resume any and all activities and goals they are pursuing.
Waitlist-selected participants gain access to the online platform after completing the final questionnaire,
completed 10 weeks following baseline.

The final questionnaire includes all measures for behavioral change and PA, and in addition,
satisfaction and evaluation measures. An invitation for an exit interview is extended to the intervention
group participants, and if willing, is scheduled in the following 10 days. Reminders are to be sent to
participants one week preceding any requested questionnaire completion or check in calls.

3.6. Intervention

The online platform is an internet-administered, module learning-based intervention. Each module
includes education alongside infographics, photos, text, audio, and video material. The intervention is
designed to be delivered over a 10-week period, with participants encouraged to work at their own
pace with the content. All modules are accessible to participants at any time to provide flexibility
regarding completion. Online platform content is based on M-PAC (previously described) and is
tailored towards the main barriers identified for people attempting to increase their PA levels as
informed by previous research [33]. A brief overview of the module content is shown in Table 1,
and linked to the M-PAC concepts as mapped by Rhodes (2017) [33]. The content on the platform
intends to increase participant knowledge and awareness of the relevant PA behavioral change
information, alongside the use of interactive online components, such as quizzes to enhance integration
and understanding, and “action plans” to help participants make connections between the material
and their lived experiences. The intervention has been developed with a scoping review of research,
and popular material related to physical activity in transitions to empty nest or retirement in hopes to
engage participants by including relevant examples that help participants relate the presented material
to their lives.

Table 1. Overview of online platform lesson content linked to the theoretical/behavioral concepts used
in this study.

Title and Description Corresponding Multi-Process Action Control
Model Concept

Lesson 1 “Benefits of Physical Activity on Chronic Disease” Initiating reflective processes (instrumental
attitude, outcome expectations)

Lesson 2 “Mental benefits of Physical Activities” Initiating reflective processes (instrumental
attitude, outcome expectations)

Lesson 3 “Increasing Self Confidence for Physical Activities” Initiating reflective processes (perceived capability)

Lesson 4 “Learning about your Emotion” Ongoing reflective processes (affective attitude)

Lesson 5 “Building Social Support” Ongoing reflective processes (affective attitude)

Lesson 6 “Building Physical Activity Opportunity” Ongoing reflective processes (affective attitude)

Lesson 7 “Goal Setting and Planning” Regulation processes Regulation

Lesson 8 “Self-Monitoring” Regulation processes Regulation

Lesson 9 “Habit” Regulation processes, reflexive processes (habit)

Lesson 10 “Identity” Regulation processes, reflexive processes (identity)
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3.7. Comparator Group

This feasibility study uses a waitlist control group; therefore, a proportion of participants experience
a delay between enrolment and intervention. Participants allocated to the waiting control group
receive access to the online platform 10 weeks after their baseline assessment. Participants are asked to
complete their final survey at 10 weeks prior to receiving access to the online platform materials.

4. Data Collection

4.1. Primary Outcome Measures

The key feasibility outcomes examined via the proposed protocol concern the evaluation of study
methods and procedures, including estimates of likely recruitment and retention rates, feasibility and
acceptability of the intervention, and tests of the study procedures [75]. Following CONSORT,
between group improvements regarding behavioral outcomes and efficacy are not examined at this
stage. An embedded qualitative process evaluation will be used to examine:

• The acceptability of the intervention;
• Participants’ self-reported PA support needs;
• Potential mechanisms of change;
• The impact of the intervention.

Feasibility outcomes are shown in Table 2, adapted from Woodford et al. [76]. Progression criteria
have been set a priori to facilitate a feasibility data analysis and provide guidance about whether to
proceed to a future full-scale trial.

Table 2. Overview of feasibility outcomes and progression criteria, adapted from Woodford et al.
(2018) [76].

Outcome Evaluation Measures Assessment Criteria for Progression

Recruitment and eligibility

Recruitment strategy No criteria set

Percentage assessed for eligibility;
fulfilling inclusion criteria, and

consented to participate (of total
number screened)

1 day per week or 30 min MVPA change which
equates to an approximate effect size of d = 0.35.

This equates to roughly 65 per group (130 for
a two-group trial). If we recruit for 2 years in the

large trial (assuming a six-month time period for each
person in the intervention) we need to be recruiting
at least 6 per month. If we decide on a three armed

trial, we will need to recruit at least 8 per month [77].

Ambiguities regarding
eligibility criteria No criteria set

Reasons for ineligibility No criteria set

Reasons for non-participation No criteria set

Attrition Rates of study dropout
Rates of intervention dropout

70 > %
70 > % [78]

Resources needed to
complete the study and the

intervention

Length of time and cost required for:
Study staff and resources required to

administer the study
Technical support required for

online platform

No criteria set

Intervention Condition
Participant Adherence

Number of:
Opened modules,

completed action plans
Completed telephone check ins

70% > completing the introductory chapter,
10 modules and 2- and 5-week check in calls

Full adherence to the intervention will be defined as:
(1) completion of baseline meeting and questionnaire;

(2) completion of all modules (3) completion of
final questionnaire.



Int. J. Environ. Res. Public Health 2020, 17, 3544 8 of 16

Table 2. Cont.

Outcome Evaluation Measures Assessment Criteria for Progression

Participants’ use of the
intervention/usage attrition

Number of:
Log-ins

Modules opened
completed action plans/activities

Time spent on each module

No criteria set

Participants’ acceptability
and satisfaction with

intervention

Reasons for withdrawal from study
and intervention, reasons for not

engaging with the online
platform material.

No criteria set

Participant feedback on the
intervention material (including

positive and negative) and of
completing study procedures

70% > of participants using the intervention
reporting that it is helpful

30% < participant reporting substantial negative
consequences related to participation in the study

and/or intervention [69].

4.2. Baseline and Final Questionnaire

Data are collected by an online questionnaire via the University of Victoria’s institutional account
with Survey Monkey, at baseline and post-intervention (10 weeks).

4.2.1. Satisfaction and Usability

Study satisfaction is to be evaluated in the final questionnaire by a 6-item satisfaction and
evaluation questionnaire, adapted from the satisfaction questionnaire from Forbes, Blanchard,
Mummery, and Courneya (2015) [79]. Usability is be assessed by the 10-item System Usability
Scale (SUS) [80].

4.2.2. Sociodemographic Variables

Self-report data on participant age, gender, marital status, level of education, employment
status, ethnicity, relationship status, number of children, ages of children, current housing situation,
and experience using the internet are collected at the baseline interview.

4.3. Secondary Outcome Measures

Baseline questionnaires are completed in the lab and the 10-week questionnaires are sent as a link
in an email and completed at the participant’s home. These questionnaires are designed to assess
regular moderate to vigorous physical activity as well as other M-PAC constructs. The time frame of
change for all measures is from baseline to 10 weeks and all are from the online questionnaire.

4.3.1. Self-Reported Physical Activity

Participants self-report physical activity using the Godin Leisure-Time Exercise Questionnaire
(GLTEQ) [81,82] at baseline and 10 weeks. The GLTEQ contains three questions, which assess
the frequency of mild, moderate, and strenuous activity, during free time in a typical week.
The questionnaire was modified using the results of Courneya and colleagues (2004) to an open
duration [83]. In this format, we will calculate moderate and vigorous PA (MVPA) in minutes of physical
activity by adding the multiplicative terms of the strenuous and moderate frequency × duration [84].

4.3.2. M-PAC Constructs for Physical Activity

Constructs of affective attitude, instrumental attitude, and perceived behavioral control are
assessed using the constructs of the theory of planned behavior [85]. Behavioral regulation is
measured via items adapted from Sniehotta et al. [86] and Umstattd’s scale measuring physical activity
self-regulation strategies in older adults [86]. Exercise identity (whether participants identify as
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being an exerciser) is measured via a modified exercise identity scale from Anderson and colleagues
[1994, 1995, 1998]. Measures from these instruments have demonstrated excellent predictive validity
and internal consistency in adult [61,87–89] samples, such as Self-Report Habit Index items from the
measure developed by Verplanken and Orbell [90] and adapted to physical activity by Chatzisarantis
and Hagger [91]. Finally, Anderson and Cychosz’s Exercise Identity Scale is used to measure
participants’ identification as someone who participates in physical activity [92].

4.3.3. Quality of Life

Psychosocial outcomes are primarily assessed using the short-form 12 (SF-12) health survey
which measures health-related quality of life on a range of functional domains including vitality,
social functioning, and overall well-being [93]. The SF-12 has been validated for adult populations
with established evidence for reliability [94].

4.4. Post-Intervention Qualitative Interview

The process evaluation procedures involve a brief quantitative questionnaire to assess the use
of the intervention material and overall satisfaction of the study. Intervention condition participants
also have the option of participating in an in-person exit interview to explore the acceptability of the
intervention and associated study procedures. In order to examine the possible mechanisms of change
as well as suggestions for future intervention development and study procedures, participants’ views
concerning the impact of the intervention are explored. The interview guide is semi-structured and
includes 10 open-ended questions; it was informed by previous research examining the acceptability
of online interventions and qualitative process evaluations that have proved useful in our prior
evaluations [69]. To minimize bias, these interviews are facilitated by a research coordinator or assistant
unaffiliated to the study. Audio recordings of interviews are to be transcribed verbatim and analyzed
using a content and thematic analysis. All data are to be stored securely, and raw data are only to be
accessible to the study chief investigator (RR) and researcher (AC).

4.5. Qualitative Analysis

Data from the exit interviews will be analyzed based on a thematic approach [95]. Research team
members will read through the transcripts for familiarization, after which items of analytic interest
will be identified, and an initial coding framework developed. Through repeated readings of the
transcripts, a framework of patterns and concepts will be linked iteratively across interviews and
refined though research memos and team meetings to discuss the emergent themes. For each theme,
data extracts will be compiled on the basis of being representative and elaborating upon the research
questions [96,97]. The reliability and validity of the analysis will be enhanced through an iterative data
analysis, the use of a multi-method design, and the ongoing discussion of findings within the research
team for scrutiny and feedback [97]. We will follow recommendations from previous literature [69,98]
to reduce bias by analyzing the process data before the trial outcomes are known. The qualitative
analysis procedure will be research question-oriented and anchored to the quantitative analysis [69,98].

5. Data Analyses

Data analyses will primarily be descriptive and address the outcomes relating to the feasibility
of the intervention and study procedures. Progression criteria will be used to determine whether
revisions should be considered before proceeding to a controlled trial.

Quantitative Analyses

An adapted CONSORT diagram (Figure 1) for pilot and feasibility studies has been used to
illustrate participant flow. Numbers of participants recruited by advertisements, flyers, in-person,
etc., expressing initial interest, consented, assessed for eligibility, eligible, and included, are reported.
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Percentages of participants meeting the eligibility criteria of the participants assessed for eligibility,
and participants eligible of the total number enrolled will be calculated. Reasons for ineligibility,
ambiguities regarding eligibility criteria, and reasons for non-participation will be reported at each stage.

Follow-up rates will be calculated with 95% Confidence Intervals. Descriptive statistics for each
outcome measurement at the eligibility interview, baseline and at the 10-week follow-up will be
reported. Attrition proportions (for both intervention and study dropouts) will be reported.

Means, SDs, and frequencies for each portal activity relating to intervention adherence and use,
including log-ins, opened modules and items, completed action plans, and use of optional support
will be reported. Potential ambiguities regarding eligibility and other procedures will be tabulated into
an Excel form and reported statistically. Types and numbers of measures undertaken and numbers of
unforeseen safety issues, if any, will be reported.

6. Ethics

The study has been approved by the University of Victoria’s Human Research Ethical Review
Board (HREB) in Victoria BC. Participant confidentiality is guaranteed. Informed consent is collected to
ensure participants are aware of the conditions of the study participation. Participants are reminded of
their rights to withdraw from the study without giving any reason. Participants are provided contact
information within the study consent form for both the principal investigator, the study coordinator,
and the independent UVIC HREB group should they have any cause for concern regarding the conduct
of the trial. All participants are assigned a study code to de-identify the data and personal information
about participants stored separately from the de-identified data. Data collected via the portal are to be
stored on secure servers at University of Victoria, BC, Canada. All other data are stored in a locked
filing cabinet, accessible only to the study personnel.

Data Management and Confidentiality

Confidentiality procedures are outlined in the consent form and explicated during informed
consent procedures conducted by the research coordinator at the baseline assessment. Each participant
is provided with an identification number. Hard copies of any documentation are kept in a locked
and secure environment (locked laboratory and cabinets) at the University of Victoria. Any data or
personal information stored on computers are kept on a secure server. Questionnaire data are stored
on SurveyMonkey servers in Canada.

7. Dissemination

The findings of the study and the subsequent proposal for the full-scale RCT will be
presented to potential collaborators including local health authorities, governmental organizations,
community organizations, and others through presentations at educational events. We will also
disseminate the findings of the feasibility study and the proposed RCT to local, national,
and international conferences as presentations and in scientific journals as published manuscripts.
Participants who express interest in the 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. All authors who have contributed to the protocol design are eligible
for authorship on subsequent publications.

8. Results

At the time of submission (29 March 2020), we have obtained ethical approval, registered the trial,
and recruited 31 participants. Recruitment is expected to be complete by the end of 2020. From the
31 participants recruited, 31 have completed the baseline measures, 19 have completed the 10-week
measures, 19 have completed the study, and 2 have dropped out. See Figure 1 for the study procedures
and participant flow chart.
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9. Discussion

This protocol describes the implementation of a randomized controlled feasibility trial
employing an online platform to increase physical activity behavior within recently empty nest
or retired participants, based on the assumptions of the M-PAC framework as a conceptual model.
Research findings will be important to public health as they may help to determine if providing
low-cost, scalable, and evidence-based planning strategies for family physical activity can aid in
producing higher adherence to physical activity.

10. Conclusions

The results of this feasibility study will inform the planning of a definitive RCT, by assessing the
rates of recruitment, retention, adverse events, and data collection. The qualitative analysis will be
used to further refine the empty nest/retirement-tailored online platform and the study protocol for the
proposed trial. This randomized feasibility trial will build on PA promotion, habit discontinuity, and
life-course research, evaluating whether an online PA intervention at the empty nest or retirement
stage of life is an effective time point to promote PA. This study will also test the novel multi-process
action control framework approach to PA-related behavioral change, exploring how reflexive processes
of habit and identity may bridge adoption and maintenance in behavioral adherence.
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preparation, A.C.; writing—review and editing, R.R. and A.C.; supervision, R.R.; project administration, A.C.;
funding acquisition, R.R. All authors have read and agreed to the published version of the manuscript.

Funding: This project is funded by an internal grant at the University of Victoria. The funding body had no role
in the design, data collection, or reporting associated with this study.

Conflicts of Interest: Authors declare no conflict of interest.

References

1. Paterson, D.H.; Warburton, D.E.R. Physical activity and functional limitations in older adults: A systematic
review related to Canada’s Physical Activity Guidelines. Int. J. Behav. Nutr. Phys. Act. 2010, 7, 38. [CrossRef]
[PubMed]

2. Warburton, D.E.R.; Nicol, C.W.; Bredin, S.S.D. Health benefits of physical activity: The evidence. CMAJ 2006,
174, 801–809. [CrossRef] [PubMed]

3. McAuley, E.; Blissmer, B.; Marquez, D.X.; Jerome, G.J.; Kramer, A.F.; Katula, J. Social relations, physical activity,
and well-being in older adults. Prev. Med. 2000, 31, 608–617. [CrossRef] [PubMed]

4. Kramer, A.F.; Colcombe, S. Fitness Effects on the Cognitive Function of Older Adults: A Meta-Analytic
Study—Revisited. Perspect. Psychol. Sci. 2018, 13, 213–217. [CrossRef] [PubMed]

5. Netz, Y.; Wu, M.J.; Becker, B.J.; Tenenbaum, G. Physical activity and psychological well-being in advanced
age: A meta-analysis of intervention studies. Psychol. Aging 2005, 20, 272–284. [CrossRef]

6. Northey, J.M.; Cherbuin, N.; Pumpa, K.L.; Smee, D.J.; Rattray, B. Exercise interventions for cognitive function
in adults older than 50: A systematic review with meta-Analysis. Br. J. Sports Med. 2018, 52, 154–160.
[CrossRef]

7. Parra-Rizo, M.A. Most valued components of the quality of life in older people than 60 years physically
active. Eur. J. Investig. Health Psychol. Educ. 2017, 7, 135–144. [CrossRef]

8. Parra-Rizo, M.A.; Sanchis-Soler, G. Satisfaction with life, subjective well-being and functional skills in active
older adults based on their level of physical activity practice. Int. J. Environ. Res. Public Health 2020, 17, 1299.
[CrossRef]

9. Tremblay, M.S.; Warburton, D.E.R.; Janssen, I.; Paterson, D.H.; Latimer, A.E.; Rhodes, R.E.; Kho, M.E.;
Hicks, A.; LeBlanc, A.G.; Zehr, L.; et al. New Canadian Physical Activity Guidelines. Appl. Physiol. Nutr.
Metab. 2011, 36, 36–46. [CrossRef]

10. Meyer, A.L.; Gullotta, T.P.; Paluch, A.E.; Blair, S.N. Physical Activity Across the Lifespan. [Electronic Resource]:
Prevention and Treatment for Health and Well-Being; Annual Review of Public Health; Springer:
Basel, Switzerland, 2011; Volume 32.

http://dx.doi.org/10.1186/1479-5868-7-38
http://www.ncbi.nlm.nih.gov/pubmed/20459782
http://dx.doi.org/10.1503/cmaj.051351
http://www.ncbi.nlm.nih.gov/pubmed/16534088
http://dx.doi.org/10.1006/pmed.2000.0740
http://www.ncbi.nlm.nih.gov/pubmed/11071843
http://dx.doi.org/10.1177/1745691617707316
http://www.ncbi.nlm.nih.gov/pubmed/29592650
http://dx.doi.org/10.1037/0882-7974.20.2.272
http://dx.doi.org/10.1136/bjsports-2016-096587
http://dx.doi.org/10.30552/ejihpe.v7i3.202
http://dx.doi.org/10.3390/ijerph17041299
http://dx.doi.org/10.1139/H11-009


Int. J. Environ. Res. Public Health 2020, 17, 3544 12 of 16

11. Friedenreich, C.M.; Barberio, A.M.; Pader, J.; Poirier, A.E.; Ruan, Y.; Grevers, X.; Walter, S.D.; Villeneuve, P.J.;
Brenner, D.R.; ComPARe Study Team. Estimates of the current and future burden of cancer attributable to
lack of physical activity in Canada. Prev. Med. 2019, 122, 65–72. [CrossRef]

12. Bellows-Riecken, K.H.; Rhodes, R.E. A birth of inactivity? A review of physical activity and parenthood.
Prev. Med. 2008, 46, 99–110. [CrossRef] [PubMed]

13. Aggio, D.; Papachristou, E.; Papacosta, O.; Lennon, L.T.; Ash, S.; Whincup, P.H.; Wannamethee, S.G.;
Jefferis, B.J. Trajectories of self-reported physical activity and predictors during the transition to old age:
A 20-year cohort study of British men. Int. J. Behav. Nutr. Phys. Act. 2018, 15, 14. [CrossRef] [PubMed]

14. Allender, S.; Hutchinson, L.; Foster, C. Life-change events and participation in physical activity: A systematic
review. Health Promot. Int. 2008, 23, 160–172. [CrossRef] [PubMed]

15. Allender, S.; Foster, C.; Boxer, A. Occupational and Nonoccupational Physical Activity and the Social
Determinants of Physical Activity: Results from the Health Survey for England. J. Phys. Act. Health 2016, 5,
104–116. [CrossRef]

16. Brown, W.J.; Heesch, K.C.; Miller, Y.D. Life events and changing physical activity patterns in women at
different life stages. Ann. Behav. Med. 2009, 37, 294–305. [CrossRef]

17. Engberg, E.; Alen, M.; Kukkonen-Harjula, K.; Peltonen, J.E.; Tikkanen, H.O.; Pekkarinen, H. Life events and
change in leisure time physical activity: A systematic review. Sport Med. 2012, 42, 433–447. [CrossRef]

18. Slingerland, A.S.; Van Lenthe, F.J.; Jukema, J.W.; Kamphuis, C.B.M.; Looman, C.; Giskes, K.; Huisman, M.;
Narayan, K.M.V.; Mackenbach, J.P.; Brug, J. Aging, retirement, and changes in physical activity: Prospective
cohort findings from the GLOBE study. Am. J. Epidemiol. 2007, 165, 1356–1363. [CrossRef]

19. Sprod, J.; Olds, T.; Brown, W.; Burton, N.; van Uffelen, J.; Ferrar, K.; Maher, C. Changes in use of time across
retirement: A longitudinal study. Maturitas 2017, 100, 70–76. [CrossRef]

20. Maher, C.A.; Burton, N.W.; Van Uffelen, J.G.Z.; Brown, W.J.; Sprod, J.A.; Olds, T.S. Changes in use of time,
activity patterns, and health and wellbeing across retirement: Design and methods of the life after work
study. BMC Public Health 2013, 13, 952. [CrossRef]

21. Mitchell, B.A.; Lovegreen, L.D. The Empty Nest Syndrome in Midlife Families: A Multimethod Exploration
of Parental Gender Differences and Cultural Dynamics. J. Fam. Issues 2009, 30, 1651–1670. [CrossRef]

22. Nomaguchi, K.; Milkie, M.A. Parenthood and Well-Being: A Decade in Review. J. Marriage Fam. 2020, 82,
198–223. [CrossRef]

23. Milkie, M.A.; Mattingly, M.J.; Nomaguchi, K.M.; Bianchi, S.M.; Robinson, J.P. The time squeeze: Parental
statuses and feelings about time with children. J. Marriage Fam. 2004, 66, 739–761. [CrossRef]

24. Milkie, M.A.; Nomaguchi, K.; Schieman, S. Time Deficits with Children: The Link to Parents’ Mental and
Physical Health. Soc. Ment. Health 2018, 9, 277–295. [CrossRef] [PubMed]

25. Nomaguchi, K.; Milkie, M.A. Sociological Perspectives on Parenting Stress: How Social Structure and Culture
Shape Parental Strain and the Well-Being of Parents and Children. In Parental Stress and Early Child Development:
Adaptive and Maladaptive Outcomes; Deater-Deckard, K., Panneton, R., Eds.; Springer International Publishing:
Cham, Switzerland, 2017; pp. 47–73. [CrossRef]

26. Godfrey, A.; Lord, S.; Mathers, J.C.; Burn, D.J.; Rochester, L. The association between retirement and age on
physical activity in older adults. Age Ageing 2014, 43, 386–393. [CrossRef] [PubMed]

27. Koeneman, M.A.; Chinapaw, M.J.; Verheijden, M.W.; van Tilburg, T.G.; Visser, M.; Deeg, D.J.; Hopman-Rock, M.
Do major life events influence physical activity among older adults: The Longitudinal Aging Study
Amsterdam. Int. J. Behav. Nutr. Phys. Act. 2012, 9, 147. [CrossRef] [PubMed]

28. Barnett, I.; Van Sluijs, E.M.F.; Ogilvie, D. Physical activity and transitioning to retirement: A systematic
review. Am. J. Prev. Med. 2012, 43, 329–336. [CrossRef]

29. Mein, G.K.; Shipley, M.J.; Hillsdon, M.; Ellison, G.T.; Marmot, M.G. Work, retirement and physical activity:
Cross-sectional analyses from the Whitehall II study. Eur. J. Public Health 2005, 15, 317–322. [CrossRef]

30. Bouchard, G. How Do Parents React When Their Children Leave Home? An Integrative Review. J. Adult Dev.
2014, 21, 69–79. [CrossRef]

31. Gardner, B. A review and analysis of the use of ‘habit’ in understanding, predicting and influencing
health-related behaviour. Health Psychol. Rev. 2015, 9, 277–295. [CrossRef]

32. Burke, P.J. Identity change. Soc. Psychol. Q. 2006, 69, 81–96. [CrossRef]

http://dx.doi.org/10.1016/j.ypmed.2019.03.008
http://dx.doi.org/10.1016/j.ypmed.2007.08.003
http://www.ncbi.nlm.nih.gov/pubmed/17919713
http://dx.doi.org/10.1186/s12966-017-0642-4
http://www.ncbi.nlm.nih.gov/pubmed/29415729
http://dx.doi.org/10.1093/heapro/dan012
http://www.ncbi.nlm.nih.gov/pubmed/18364364
http://dx.doi.org/10.1123/jpah.5.1.104
http://dx.doi.org/10.1007/s12160-009-9099-2
http://dx.doi.org/10.2165/11597610-000000000-00000
http://dx.doi.org/10.1093/aje/kwm053
http://dx.doi.org/10.1016/j.maturitas.2017.02.018
http://dx.doi.org/10.1186/1471-2458-13-952
http://dx.doi.org/10.1177/0192513X09339020
http://dx.doi.org/10.1111/jomf.12646
http://dx.doi.org/10.1111/j.0022-2445.2004.00050.x
http://dx.doi.org/10.1177/2156869318767488
http://www.ncbi.nlm.nih.gov/pubmed/31763056
http://dx.doi.org/10.1007/978-3-319-55376-4_3
http://dx.doi.org/10.1093/ageing/aft168
http://www.ncbi.nlm.nih.gov/pubmed/24171945
http://dx.doi.org/10.1186/1479-5868-9-147
http://www.ncbi.nlm.nih.gov/pubmed/23245568
http://dx.doi.org/10.1016/j.amepre.2012.05.026
http://dx.doi.org/10.1093/eurpub/cki087
http://dx.doi.org/10.1007/s10804-013-9180-8
http://dx.doi.org/10.1080/17437199.2013.876238
http://dx.doi.org/10.1177/019027250606900106


Int. J. Environ. Res. Public Health 2020, 17, 3544 13 of 16

33. Rhodes, R.E. The evolving understanding of physical activity behavior: A multi-process action control
approach. In Advances in Motivation Science; Elliot, A.J., Ed.; Elsevier: Amsterdam, The Netherlands, 2017.

34. Rhodes, R.E.; Kaushal, N.; Quinlan, A. Is physical activity a part of who I am? A review and meta-analysis
of identity, schema and physical activity. Health Psychol. Rev. 2016, 10, 204–225. [CrossRef] [PubMed]

35. Lachman, M.E. Development in Midlife. Annu. Rev. Psychol. 2004, 55, 305–331. [CrossRef] [PubMed]
36. Lachman, M.E. Mind the Gap in the Middle: A Call to Study Midlife. Res. Hum. Dev. 2015, 12, 327–334.

[CrossRef] [PubMed]
37. Haslam, C.; Steffens, N.K.; Branscombe, N.R.; Haslam, S.A.; Cruwys, T.; Lam, B.C.P.; Pachana, N.A.; Yang, J.

The Importance of Social Groups for Retirement Adjustment: Evidence, Application, and Policy Implications
of the Social Identity Model of Identity Change. Soc. Issues Policy Rev. 2019, 13, 93–124. [CrossRef]

38. Verplanken, B.; Roy, D. Empowering interventions to promote sustainable lifestyles: Testing the habit
discontinuity hypothesis in a field experiment. J. Environ. Psychol. 2016, 45, 127–134. [CrossRef]

39. Verplanken, B.; Walker, I.; Davis, A.; Jurasek, M. Context change and travel mode choice: Combining the
habit discontinuity and self-activation hypotheses. J. Environ. Psychol. 2008, 28, 121–127. [CrossRef]

40. Walker, I.; Thomas, G.O.; Verplanken, B. Old Habits Die Hard: Travel Habit Formation and Decay During
an Office Relocation. Environ. Behav. 2015, 47, 1089–1106. [CrossRef]

41. Redmond, J.; Wolfram Cox, J.; Curtis, J.; Kirk-Brown, A.; Walker, B. Beyond business as usual: How (and why)
the habit discontinuity hypothesis can inform SME engagement in environmental sustainability practices.
Australas. J. Environ. Manag. 2016, 23, 426–442. [CrossRef]

42. Fujii, S.; Gärling, T.; Kitamura, R. Changes in drivers’ perceptions and use of public transport during
a freeway closure: Effects of temporary structural change on cooperation in a real-life social dilemma.
Environ. Behav. 2001, 33, 796–808. [CrossRef]

43. Bamberg, S. Is a residential relocation a good opportunity to change people’s travel behavior?: Results from
a theory-driven intervention study. Environ. Behav. 2006, 38, 820–840. [CrossRef]

44. Lanzendorf, M. Key Events and Their Effect on Mobility Biographies: The Case of Childbirth. Int. J.
Sustain. Transp. 2010, 4, 272–292. [CrossRef]

45. Gardner, B.; De Bruijn, G.J.; Lally, P. A systematic review and meta-analysis of applications of the self-report
habit index to nutrition and physical activity behaviours. Ann. Behav. Med. 2011, 42, 174–187. [CrossRef]
[PubMed]

46. Gardner, B.; Rebar, A.L.; Lally, P. A matter of habit: Recognizing the multiple roles of habit in health behaviour.
Br. J. Health Psychol. 2019, 24, 241–249. [CrossRef] [PubMed]

47. Gardner, B.; Phillips, L.A.; Judah, G. Habitual instigation and habitual execution: Definition, measurement,
and effects on behaviour frequency. Br. J. Health Psychol. 2016, 21, 613–630. [CrossRef] [PubMed]

48. Hobbs, N.; White, M.; Sniehotta, F.F.; Godfrey, A.; Rochester, L.; Lara, J.; White, M.; Mathers, J.C.; Sniehotta, F.F.
Are behavioral interventions effective in increasing physical activity at 12 to 36 months in adults aged 55 to
70 years? A systematic review and meta-analysis. BMC Med. 2013, 11, 75. [CrossRef]

49. Chase, J.A.D. Interventions to increase physical activity among older adults: A meta-analysis. Gerontologist
2015, 55, 706–718. [CrossRef]

50. Heaven, B.; Brown, L.J.E.; White, M.; Errington, L.; Mathers, J.C.; Moffatt, S. Supporting well-being in
retirement through meaningful social roles: Systematic review of intervention studies. Milbank Q. 2013, 91,
222–287. [CrossRef]

51. Werkman, A.; Hulshof, P.J.; Stafleu, A.; Kremers, S.P.; Kok, F.J.; Schouten, E.G.; Schuit, A.J. Effect of an
individually tailored one-year energy balance programme on body weight, body composition and lifestyle
in recent retirees: A cluster randomised controlled trial. BMC Public Health 2010, 10, 110. [CrossRef]

52. Lahti, J.; Laaksonen, M.; Lahelma, E.; Rahkonen, O. Changes in leisure-time physical activity after transition
to retirement: A follow-up study. Int. J. Behav. Nutr. Phys. Act. 2011, 8, 36. [CrossRef]

53. Lara, J.; O’Brien, N.; Godfrey, A.; Heaven, B.; Evans, E.H.; Lloyd, S.; Moffatt, S.; Moynihan, P.J.; Meyer, T.D.;
Rochester, L.; et al. Pilot Randomised Controlled Trial of a Web-Based Intervention to Promote Healthy
Eating, Physical Activity and Meaningful Social Connections Compared with Usual Care Control in People
of Retirement Age Recruited from Workplaces. PLoS ONE 2016, 11, e0159703. [CrossRef]

http://dx.doi.org/10.1080/17437199.2016.1143334
http://www.ncbi.nlm.nih.gov/pubmed/26805431
http://dx.doi.org/10.1146/annurev.psych.55.090902.141521
http://www.ncbi.nlm.nih.gov/pubmed/14744218
http://dx.doi.org/10.1080/15427609.2015.1068048
http://www.ncbi.nlm.nih.gov/pubmed/26848288
http://dx.doi.org/10.1111/sipr.12049
http://dx.doi.org/10.1016/j.jenvp.2015.11.008
http://dx.doi.org/10.1016/j.jenvp.2007.10.005
http://dx.doi.org/10.1177/0013916514549619
http://dx.doi.org/10.1080/14486563.2016.1188424
http://dx.doi.org/10.1177/00139160121973241
http://dx.doi.org/10.1177/0013916505285091
http://dx.doi.org/10.1080/15568310903145188
http://dx.doi.org/10.1007/s12160-011-9282-0
http://www.ncbi.nlm.nih.gov/pubmed/21626256
http://dx.doi.org/10.1111/bjhp.12369
http://www.ncbi.nlm.nih.gov/pubmed/30945793
http://dx.doi.org/10.1111/bjhp.12189
http://www.ncbi.nlm.nih.gov/pubmed/26991427
http://dx.doi.org/10.1186/1741-7015-11-75
http://dx.doi.org/10.1093/geront/gnu090
http://dx.doi.org/10.1111/milq.12013
http://dx.doi.org/10.1186/1471-2458-10-110
http://dx.doi.org/10.1186/1479-5868-8-36
http://dx.doi.org/10.1371/journal.pone.0159703


Int. J. Environ. Res. Public Health 2020, 17, 3544 14 of 16

54. Forsman, A.K.; Nordmyr, J.; Matosevic, T.; Park, A.L.; Wahlbeck, K.; McDaid, D. Promoting mental wellbeing
among older people: Technology-based interventions. Health Promot Int. 2018, 33, 1042–1054. [CrossRef]
[PubMed]

55. Muellmann, S.; Forberger, S.; Möllers, T.; Bröring, E.; Zeeb, H.; Pischke, C.R. Effectiveness of eHealth
interventions for the promotion of physical activity in older adults: A systematic review. Prev. Med. 2018,
108, 93–110. [CrossRef] [PubMed]

56. O’Brien, N.; Heaven, B.; Teal, G.; Evans, E.H.; Cleland, C.; Moffatt, S.; Sniehotta, F.F.; White, M.; Mathers, J.C.;
Moynihan, P. Integrating evidence from systematic reviews, qualitative research, and expert knowledge
using co-design techniques to develop a web-based intervention for people in the retirement transition.
J. Med. Internet Res. 2016, 18, e210.

57. Haines, A.; Kuruvilla, S.; Borchert, M. Special Theme—Bridging the Know–Do Gap in Global Health Role of
systematic reviews in providing evidence for research implementation. Bull. World Health Organ. 2004, 82,
724–733. [PubMed]

58. Koh, H.K.; Oppenheimer, S.C.; Massln-Short, S.B.; Emmons, K.M.; Geller, A.C.; Viswanath, K. Translating
research evidence into practice to reduce health disparities: A social determinants approach. Am. J.
Public Health 2010, 100 (Suppl. 1), S72–S80. [CrossRef] [PubMed]

59. Statistics Canada. The Internet and Digital Technology; Statistics Canada: Ottawa, ON, Canada, 2017.
60. Statistics Canada. Table 22-10-0011-01 Households with Access to the Internet at Home by Geography; Statistics Canada:

Ottawa, ON, Canada, 2020.
61. Rhodes, R.E.; Lim, C. Understanding action control of daily walking behavior among dog owners:

A community survey. BMC Public Health. 2016, 16, 1165. [CrossRef]
62. Liu, S.; Husband, C.; La, H.; Juba, M.; Loucks, R.; Harrison, A.; Rhodes, R.E. Development of a self-guided

web-based intervention to promote physical activity using the multi-process action control framework.
Internet Interv. 2019, 15, 35–42. [CrossRef] [PubMed]

63. Rhodes, R.E.; Plotnikoff, R.C. Understanding action control: Predicting physical activity intention-behavior
profiles across six months in a Canadian sample. Heal Psychol. 2006, 25, 292–299. [CrossRef]

64. Rhodes, R.E.; Berry, T.; Faulkner, G.; Latimer-Cheung, A.E.; O’Reilly, N.; Tremblay, M.S.; Vanderloo, L.;
Spence, J.C. Application of the Multi-Process Action Control Framework to Understand Parental Support of
Child and Youth Physical Activity, Sleep, and Screen Time Behaviours. Appl. Psychol. Health Well-Being 2019,
11, 223–239. [CrossRef]

65. Rhodes, R.; de Bruijn, G.J.; Matheson, D.H. Habit in the physical activity domain: Integration with intention
temporal stability and action control. J. Sport. Exerc. Psychol. 2010, 32, 84–98. [CrossRef]

66. De Bruijn, G.J.; Verkooijen, K.; de Vries, N.K.; van den Putte, B. Antecedents of self identity and
consequences for action control: An application of the theory of planned behaviour in the exercise domain.
Psychol. Sport Exerc. 2012, 13, 771–778. [CrossRef]

67. Rhodes, R.E.; De Bruijn, G.J. How big is the physical activity intention-behaviour gap? A meta-analysis
using the action control framework. Br. J. Health Psychol. 2013, 18, 296–309. [CrossRef] [PubMed]

68. Kaushal, N.; Rhodes, R.E.; Spence, J.C.; Meldrum, J.T. Increasing Physical Activity Through Principles of
Habit Formation in New Gym Members: A Randomized Controlled Trial. Ann. Behav. Med. 2017, 51,
578–586. [CrossRef] [PubMed]

69. Husband, C.J.; Wharf-Higgins, J.; Rhodes, R.E. A feasibility randomized trial of an identity-based physical
activity intervention among university students. Health Psychol. Behav. Med. 2019, 7, 128–146. [CrossRef]

70. Eldridge, S.M.; Chan, C.L.; Campbell, M.J.; Bond, C.M.; Hopewell, S.; Thabane, L.; Lancaster, G.A. CONSORT
2010 statement: Extension to randomised pilot and feasibility trials. BMJ 2016, 355, i5239. [CrossRef]

71. Thomas, G.O.; Poortinga, W.; Sautkina, E. Habit discontinuity, self-activation, and the diminishing influence
of context change: Evidence from the UK Understanding Society survey. PLoS ONE 2016, 11, e0153490.
[CrossRef]

72. Canadian Society for Exercise Physiology. Get Active Questionnaire. Canadian Society for Exercise Physiology;
Canadian Society for Exercise Physiology: Ottawa, ON, Canada, 2017; pp. 1–2. Available online: http:
//www.csep.ca/CMFiles/GAQ_CSEPPATHReadinessForm_2pages.pdf (accessed on 19 March 2019).

http://dx.doi.org/10.1093/heapro/dax047
http://www.ncbi.nlm.nih.gov/pubmed/28973587
http://dx.doi.org/10.1016/j.ypmed.2017.12.026
http://www.ncbi.nlm.nih.gov/pubmed/29289643
http://www.ncbi.nlm.nih.gov/pubmed/15643791
http://dx.doi.org/10.2105/AJPH.2009.167353
http://www.ncbi.nlm.nih.gov/pubmed/20147686
http://dx.doi.org/10.1186/s12889-016-3814-2
http://dx.doi.org/10.1016/j.invent.2018.11.003
http://www.ncbi.nlm.nih.gov/pubmed/30568879
http://dx.doi.org/10.1037/0278-6133.25.3.292
http://dx.doi.org/10.1111/aphw.12150
http://dx.doi.org/10.1123/jsep.32.1.84
http://dx.doi.org/10.1016/j.psychsport.2012.05.008
http://dx.doi.org/10.1111/bjhp.12032
http://www.ncbi.nlm.nih.gov/pubmed/23480428
http://dx.doi.org/10.1007/s12160-017-9881-5
http://www.ncbi.nlm.nih.gov/pubmed/28188586
http://dx.doi.org/10.1080/21642850.2019.1600407
http://dx.doi.org/10.1136/bmj.i5239
http://dx.doi.org/10.1371/journal.pone.0153490
http://www.csep.ca/CMFiles/GAQ_CSEPPATHReadinessForm_2pages.pdf
http://www.csep.ca/CMFiles/GAQ_CSEPPATHReadinessForm_2pages.pdf


Int. J. Environ. Res. Public Health 2020, 17, 3544 15 of 16

73. Sim, J.; Lewis, M. The size of a pilot study for a clinical trial should be calculated in relation to considerations
of precision and efficiency. J. Clin. Epidemiol. 2012, 65, 301–308. [CrossRef]

74. Treweek, S. Trial forge: A systematic approach to making trials more efficient. Trials 2013, 14 (Suppl. 1), O121.
[CrossRef]

75. Bowen, D.J.; Kreuter, M.; Spring, B.; Cofta-Woerpel, L.; Linnan, L.; Weiner, D.; Bakken, S.; Kaplan, C.P.;
Squiers, L.; Fabrizio, C.; et al. How We Design Feasibility Studies. Am. J. Prev. Med. 2009, 36, 452–457.
[CrossRef]

76. Woodford, J.; Wikman, A.; Cernvall, M.; Ljungman, G.; Romppala, A.; Grönqvist, H.; von Essen, L.
Study protocol for a feasibility study of an internet-administered, guided, CBT-based, self-help intervention
(ENGAGE) for parents of children previously treated for cancer. BMJ Open 2018, 8, e023708. [CrossRef]

77. Rhodes, R.E.; Janssen, I.; Bredin, S.S.D.; Warburton, D.E.R.; Bauman, A. Physical activity: Health impact,
prevalence, correlates and interventions. Psychol. Health 2017, 32, 942–975. [CrossRef] [PubMed]

78. Lyles, C.M.; Kay, L.S.; Crepaz, N.; Herbst, J.H.; Passin, W.F.; Kim, A.S.; Rama, S.M.; Thadiparthi, S.;
DeLuca, J.B.; Mullins, M.M.; et al. Best-evidence interventions: Findings from a systematic review of HIV
behavioral interventions for US populations at high risk, 2000–2004. Am. J. Public Health 2007, 97, 133–143.
[CrossRef] [PubMed]

79. Forbes, C.C.; Blanchard, C.M.; Mummery, W.K.; Courneya, K.S. Prevalence and Correlates of Strength
Exercise Among Breast, Prostate, and Colorectal Cancer Survivors. Oncol. Nurs. Forum 2015, 42, 118–128.
[CrossRef] [PubMed]

80. Peres, S.C.; Pham, T.; Phillips, R. Validation of the system usability scale (sus): Sus in the wild. Proc. Hum.
Factors Ergon. Soc. Annu. Meet. 2013, 57, 192–196. [CrossRef]

81. Godin, G.; Shephard, R.J. A simple method to assess exercise behavior in the community. Can. J. Appl.
Sport Sci. 1985, 10, 141–146.

82. Godin, G.; Jobin, J.; Bouillon, J. Assessment of leisure time exercise behavior by self-report: A concurrent
validity study. Can. J. Public Health 1986, 17, 285. [CrossRef]

83. Courneya, K.S.; Jones, L.W.; Rhodes, R.E.; Blanchard, C.M. Effects of different combinations of intensity
categories on self-reported exercise. Res. Q. Exerc. Sport. 2004, 75, 429–433. [CrossRef]

84. Rhodes, R.E.; Quinlan, A.; Naylor, P.J.; Warburton, D.E.R.; Blanchard, C.M. Predicting personal physical
activity of parents during participation in a family intervention targeting their children. J. Behav. Med. 2020,
43, 209–224. [CrossRef]

85. Ajzen, I. The theory of planned behavior. Organ. Behav. Hum. Decis. Process 1991, 50, 179–211. [CrossRef]
86. Sniehotta, F.F.; Schwarzer, R.; Scholz, U.; Schüz, B. Action planning and coping planning for long-term

lifestyle change: Theory and assessment. Eur. J. Soc. Psychol. 2005, 35, 565–576. [CrossRef]
87. Umstattd, M.R.; Motl, R.; Wilcox, S.; Saunders, R.; Watford, M. Measuring Physical Activity Self-Regulation

Strategies in Older Adults. J. Phys. Act. Health 2009, 6 (Suppl. 1), 105–112. [CrossRef] [PubMed]
88. Rhodes, R.E.; Plotnikoff, R.C. Can current physical activity act as a reasonable proxy measure of future

physical activity? Evaluating cross-sectional and passive prospective designs with the use of social cognition
models. Prev. Med. 2005, 40, 547–555. [CrossRef] [PubMed]

89. Rhodes, R.E.; Warburton, D.E.R.; Bredin, S.S.D. Predicting the effect of interactive video bikes on exercise
adherence: An efficacy trial. Psychol. Health Med. 2009, 14, 631–640. [CrossRef] [PubMed]

90. Verplanken, B.; Orbell, S. Reflections on Past Behavior: A Self-Report Index of Habit Strength. J. Appl. Soc.
Psychol. 2003, 33, 1313–1330. [CrossRef]

91. Chatzisarantis, N.L.D.; Hagger, M.S. Mindfulness and the intention- behavior relationship within the theory
of planned behavior. Personal. Soc. Psychol. Bull. 2007, 33, 663–676. [CrossRef]

92. Anderson, D.F.; Cychosz, C.M. Development of an exercise identity scale. Percept. Mot. Ski. 1994, 78, 747–751.
[CrossRef]

93. Ware, J.E.; Kosinski, M.; Keller, S.D. A 12-Item Short-Form Health Survey: Construction of Scales and
Preliminary Tests of Reliability and Validity. Med. Care 1996, 34, 220–233. [CrossRef]

94. Huo, T.; Guo, Y.; Shenkman, E.; Muller, K. Assessing the reliability of the short form 12 (SF-12) health survey
in adults with mental health conditions: A report from the wellness incentive and navigation (WIN) study.
Health Qual. Life Outcomes 2018, 16, 1–8. [CrossRef]

95. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]

http://dx.doi.org/10.1016/j.jclinepi.2011.07.011
http://dx.doi.org/10.1186/1745-6215-14-S1-O121
http://dx.doi.org/10.1016/j.amepre.2009.02.002
http://dx.doi.org/10.1136/bmjopen-2018-023708
http://dx.doi.org/10.1080/08870446.2017.1325486
http://www.ncbi.nlm.nih.gov/pubmed/28554222
http://dx.doi.org/10.2105/AJPH.2005.076182
http://www.ncbi.nlm.nih.gov/pubmed/17138920
http://dx.doi.org/10.1188/15.ONF.42-02AP
http://www.ncbi.nlm.nih.gov/pubmed/25806879
http://dx.doi.org/10.1177/1541931213571043
http://dx.doi.org/10.1249/00005768-198504000-00462
http://dx.doi.org/10.1080/02701367.2004.10609176
http://dx.doi.org/10.1007/s10865-019-00116-2
http://dx.doi.org/10.1016/0749-5978(91)90020-T
http://dx.doi.org/10.1002/ejsp.258
http://dx.doi.org/10.1123/jpah.6.s1.s105
http://www.ncbi.nlm.nih.gov/pubmed/19998856
http://dx.doi.org/10.1016/j.ypmed.2004.07.016
http://www.ncbi.nlm.nih.gov/pubmed/15749137
http://dx.doi.org/10.1080/13548500903281088
http://www.ncbi.nlm.nih.gov/pubmed/20183536
http://dx.doi.org/10.1111/j.1559-1816.2003.tb01951.x
http://dx.doi.org/10.1177/0146167206297401
http://dx.doi.org/10.1177/003151259407800313
http://dx.doi.org/10.1097/00005650-199603000-00003
http://dx.doi.org/10.1186/s12955-018-0858-2
http://dx.doi.org/10.1191/1478088706qp063oa


Int. J. Environ. Res. Public Health 2020, 17, 3544 16 of 16

96. Silverman, D. Interpreting Qualitative Data: Methods for Analyzing Talk, Text, and Interaction, 3rd ed.;
SAGE Publications: Thousand Oaks, CA, USA, 2006.

97. Patton, M.Q. Qualitative Research and Evaluation Methods; SAGE Publications: Thousand Oaks, CA, USA, 2002.
98. Moore, G.F.; Audrey, S.; Barker, M.; Bond, L.; Bonell, C.; Hardeman, W.; Moore, L.; O’Cathain, A.; Tinati, T.;

Wight, D.; et al. Process evaluation of complex interventions: Medical Research Council guidance. BMJ 2015.
[CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1136/bmj.h1258
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Study Objectives 
	Rationale 
	Development of the Intervention and Theoretical Framework 

	Methods 
	Design 
	Eligibility Criteria 
	Recruitment 
	Reasons for Non-Participation 
	Enrollment and Randomization 
	Intervention 
	Comparator Group 

	Data Collection 
	Primary Outcome Measures 
	Baseline and Final Questionnaire 
	Satisfaction and Usability 
	Sociodemographic Variables 

	Secondary Outcome Measures 
	Self-Reported Physical Activity 
	M-PAC Constructs for Physical Activity 
	Quality of Life 

	Post-Intervention Qualitative Interview 
	Qualitative Analysis 

	Data Analyses 
	Ethics 
	Dissemination 
	Results 
	Discussion 
	Conclusions 
	References

