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Abstract

Background: Regular muscle and bone strengthening activities through resistance training (RT)
have been associated with numerous health benefits, particularly as adults age, yet participation
is low. Effective promotion is likely founded on an understanding of theory-based correlates, yet
almost all RT research has focused on college-aged convenience samples and employed social
cognition models, which do not consider the intention-behavior gap. The purpose of this study
was to explore RT from the perspective of the multi-process action control framework in a large
Canadian adult sample. Method: Canadian adults (N = 1338) completed M-PAC measures of
reflective (instrumental attitude, affective attitude, perceived capability and opportunity),
regulatory (planning and self-monitoring), and reflexive (habit, identity) processes as well as
intention to engage in RT at baseline and RT behavior two-weeks later. Results: Three intention-
behavior profiles emerged: a) non-intenders who were not active (41.4%), b) unsuccessful
intenders who failed to enact their positive intentions (32.9%), and c) successful intenders who
engaged in RT (23.5%). A discriminant function analysis (p < .01) showed that instrumental and
affective attitude, perceived opportunity and planning/self-monitoring distinguished between all
three intention-behavior profiles, while perceived capability predicted the intention-RT profiles
of females but not males (p < .01). By comparison, identity was particularly important to
younger/middle-aged adults than older females (p < .01), while habit was associated with the
intention-RT profiles of older adults but not younger/middle-aged adults (p <.01). Conclusions:
The findings support the importance of considering both intention formation and translation in
RT. Behavior change techniques aimed at reflective, regulatory, and reflexive processes appear
necessary. Additional considerations of targeting specific constructs by age and sex may

maximize the potential effectiveness of RT interventions.
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Physical inactivity is among the leading contributors to mortality worldwide and
associated with over 25 chronic health conditions (Rhodes, Bredin, et al., 2017; Warburton &
Bredin, 2017). Approximately one third of the world’s population are not meeting the current
recommendations of at least 150 minutes of aerobic activity of moderate-intensity (or 75 minutes
of vigorous activity) throughout the week (Guthold et al., 2018; Hallal et al., 2012), supporting
the importance of continued physical activity promotion.

Although originally limited to the promotion of aerobic exercise and cardio-respiratory
fitness, physical activity recommendations have evolved to reflect the importance of activity to
improve muscular fitness (i.e., resistance training) (Blair et al., 2004). There are unique
musculoskeletal (e.g., improvements in posture, mobility and balance) (Orr et al., 2008) and
metabolic health benefits (e.g., reductions in blood sugar levels and increases in lean muscle
mass) (Ashton et al., 2020) of improving muscular fitness from participation in resistance
training (RT). Regular RT is subsequently associated with decreased overall mortality
(Kraschnewski et al., 2016). As a result, international and national guidelines now recommend
that adults participate in RT activities involving major muscle groups on two or more days a
week (Ross et al., 2020; U.S. Department of Health and Human Services, 2018; World Health
Organization, 2020).

RT (also known as strength training) is typically defined as a specialized method of
conditioning that involves the progressive use of a wide range of resistive loads to enhance
health, fitness and performance (Faigenbaum et al., 2009). RT can involve a variety of training
modalities, such as free weights, weight machines, medicine balls, elastic tubing devices and an
individual’s body weight. While RT can benefit the health of all adults (World Health

Organization, 2010), the activity may be particularly important to healthy aging given its impact



Predicting Resistance Training 4

on reducing sarcopenia, maintaining bone density, and maintaining cognitive health (Falck et al.,
2019; Fragala et al., 2019). Unfortunately, while the benefits of RT are now well established, the
prevalence of RT in nationally representative samples is low. A meta-analysis of physical
activities performed worldwide showed that as few as 6% of adults may engage in weight
training (Hulteen et al., 2017), although broader definitions of RT suggest that 20-33% of the
population may meet international guidelines (Bennie et al., 2016; Loustalot et al., 2013;
ParticipACTION, in press). There is also emerging evidence that RT may have been further
compromised during the COVID-19 pandemic (Steele et al., 2021). Regardless, it is clear that the
promotion of RT is needed to reap these established health benefits (Steele et al., 2017).
Successful RT promotion is founded on a clear understanding of its correlates (Burton et
al., 2017). A review of 51 studies exploring RT correlates showed that demographic, behavioral
and health factors such as age (-), education (+), perceived health status (+), quality of life (+),
and total physical activity performed (+) were all associated with RT (Rhodes, Lubans, et al.,
2017). However, understanding RT through a theoretical frame is most likely to guide effective
interventions (Rothman, 2004). To this end, research focused on understanding RT has been
largely guided by a small number of studies that have applied social cognitive approaches (see
Rhodes, Lubans, et al., 2017), such as theory of planned behavior (Ajzen, 1991), and social
cognitive theory (Bandura, 1998). For example, the five studies that have applied theory of
planned behavior to understand RT showed that intention predicted RT in the small to large
effect size range among college students (Branscum & Fairchild, 2019; Bryan & Rocheleau,
2002; Rhodes et al., 2007), older adults (Dean et al., 2006), and type 2 diabetes patients
(Plotnikoff et al., 2008). Intention was subsequently predicted by subjective norm, and attitude

(Branscum & Fairchild, 2019; Bryan & Rocheleau, 2002; Plotnikoff et al., 2008; Rhodes et al.,
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2007) and/or perceived behavioral control (Branscum & Fairchild, 2019; Dean et al., 2006;
Rhodes et al., 2007).

While this research provides helpful information for setting specific mechanism of action
targets for RT promotion, there are some potential shortcomings to our current understanding of
RT. First, current theory-driven RT research has focused almost exclusively on social cognitive
approaches, where intention is considered the proximal determinant of behavioral action
(Rhodes, Lubans, et al., 2017). Theories focused on the translation of intention into behavior
(Rhodes & Yao, 2015; Sheeran & Webb, 2016; Zhang et al., 2019), also known as action control
(Kuhl, 1984), may help yield additional information. This is because nearly half of those with
good intentions fail to follow through (Rhodes & de Bruijn, 2013). Indeed, the only study to
explore action control in RT, to our knowledge, found the gap between RT intentions and
behavior was 49% in a sample of hematologic cancer survivors (Vallerand et al., 2016). Further,
the study showed that action control constructs like degree of planning and RT identity were
predictors of this intention —behavior correspondence independent of traditional social cognitive
constructs like attitudes and perceived behavioral control. Thus, the application of action control
theories has potential to shed important light on factors that convert intentions into behavioral
actions but requires more sustained study.

Second, most theoretical research focused on predicting RT involves either convenience
samples of college students or clinical samples. Clearly the merits of RT extend to everybody,
yet research focused on understanding RT would benefit from more representative population
samples with subsequent comparisons between key demographic groups to better understand
whether RT promotion requires targeting. Of particular interest to RT promoters may be

differences in age and sex when understanding RT. This is partly due to the increased value of
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RT on reversing sarcopenia, increasing bone density, and improving cognitive health among
aging adults (Falck et al., 2019; Fragala et al., 2019), but also based on misperceptions among
some older adults, particularly older females, who believe RT is an activity more suitable for
young males due to its association with muscularity (Burton et al., 2017).

With these aims in mind, the purpose of this study was to explore action control of RT
behavior in a large representative sample of adult Canadians. Specifically, we sought to 1)
examine the magnitude of the RT intention-behavior gap, 2) identify theoretical predictors of this
gap, and 3) discern whether RT predictors differ between older and younger adults and by sex.

We used the multi-process action control (M-PAC; Rhodes, 2017, 2021) framework to
predict RT action control, which has shown predictive capability when explaining PA generally
(Rhodes et al., 2021). Briefly, M-PAC conceives intention as a decisional construct (Rhodes &
Rebar, 2017) (i.e., intend/do not intend) and has antecedent constructs of intention similar to the
theory of planned behavior (called reflective processes) that include affective (expected pleasure)
and instrumental (expected utility) attitudes, and perceived capability (ability to perform a
behavior) and opportunity (social/environmental access to perform a behavior). In the M-PAC
framework, however, reflective processes of perceived opportunity and affective attitude are also
posited to predict the translation of an intention into behavior, to the extent that they represent a
proxy for the affective and logistical factors that challenge one’s competing daily decisions. By
contrast, instrumental attitude and perceived capability are not considered antecedents of the
translation of an intention because they are expected to vary little from day to day and situation
to situation (Rhodes et al., 2021). The translation of intention into behavior is instead marked by
the enactment of regulatory processes (e.g., planning, self-monitoring), as people begin to use

volitional behavioral regulation tactics to help translate positive intentions into action. Finally,
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continuance of action control is thought to rely upon reflexive processes such as habit formation
(i.e., behavior performed from stimulus-response bonds) and identity (i.e., self-categorization in
a role) as one begins to perform the behavior more regularly.

Based on prior research (Vallerand et al., 2016), we expected that RT intention would be
predicted by reflective processes similar to prior theory of planned behavior research with RT.
By contrast, we expected the differences between unsuccessful and successful intenders in
meeting RT guidelines would be predicted by the regulatory (planning), and reflexive processes
(identity, habit) in addition to regulatory processes. Overall, we expected reflective, regulatory,
and reflexive processes to contribute unique variance to the prediction models of the intention-
RT profiles. We considered our analyses of findings by age and sex as exploratory.

Method
Sample and Design

This study was conducted on SurveyMonkey and used an online survey design with a
two-week follow-up assessment of RT behavior. The study ran from August 17-20, 2020
(participants invited on August 17). The Time 2 survey was completed September 3-8, 2020
(participants were invited on September 3). The recruitment was run by a third-party market
research firm that has an online consumer database of >120,000 Canadian panelists. Panelists are
recruited via online and offline methods and receive small cash incentives ($0.50 to $3.00 CDN)
for completing surveys. The panel is comparable to the Canadian census in terms of age, gender,
region, income, employment, and language spoken (Statistics Canada, 2019). At the time of
survey launch, COVID-19 pandemic lockdown measures in Canada that would have previously
limited physical activity (e.g., gym closures) had been temporarily lifted. Therefore, the

opportunity to engage in RT behavior at traditional venues was available. All participants were
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adults (18+ years of age) who were living in Canada. Each participant also provided informed
consent and the study was approved by the authors’ University research ethics board.
Measures

Primary Outcome: Weekly Frequency of RT

RT frequency at time 2 was measured with a modified Godin Leisure-Time Questionnaire
(Godin et al., 1986; Godin & Shephard, 1985) format used in prior RT studies (Rhodes et al.,
2007; Vallerand et al., 2016). The adaptation included using a single RT category response
instead of the traditional three categories of strenuous, moderate, and mild aerobic exercise.
Specifically, participants were asked to recall their average weekly muscle- and bone-
strengthening exercise over the past two weeks. Duration of at least 15 min was chosen as the
anchor for participants to respond with their frequency, identical to the original Godin
questionnaire. This is arbitrary because RT public health guidelines do not specify a duration
(only a frequency), but it aligned with the design of the original instrument and likely represents
a fair appraisal of the minimum time to complete strength repetitions of major muscle groups,
defined in RT guidelines (Ross et al., 2020).

Predictor Measures

The instrumentation used to assess the constructs of the M-PAC framework were framed
in terms of achieving muscle- and bone-strengthening activities that use major muscle groups, at
least 2 days per week and measured at T1. Attitude was measured on seven-point scales with
three affective (unenjoyable-enjoyable, unpleasant-pleasant, boring-fun), and three instrumental
attitude (useless-useful, harmful-beneficial, foolish-wise) semantic differential items (McEachan
et al., 2016) framed for over the next two weeks. Perceived capability (i.e., | have the physical

and mental capability to...; [ have enough skill to do..., | can handle the physical and mental
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demands of doing...) was assed with three items on a seven-point scale and perceived
opportunity (i.e., I will have the opportunity to do...; I could find a way to fit it in my schedule
so that 1 do..., I would experience barriers beyond my control preventing me from
doing...[reverse scored]) was assessed with three items on a seven-point scale adapted from
Rhodes et al. (2006) and framed as expectations over the next two weeks. To reduce the potential
confound in assessments of control and motivation (Williams & Rhodes, 2014), items were
preceded by the statement “Only think about your [capability/opportunity] and ignore your
motivation (i.e., how much you want to something) to do regular muscle- and bone-strengthening
exercise over the next two weeks.” Decisional intention was measured with the item created by
Courneya (1994): “intend to do regular muscle- and bone-strengthening exercise over the next
two weeks.,” scored as disagree or agree. The items of behavioral regulation were adapted from
other sources (Sniehotta et al., 2006; Umstattd et al., 2009) and included four items, answered on
a seven-point scale from “strongly disagree” to “strongly agree”. Examplar items included “I
kept track of ...”, “I made regular plans concerning when, where, how and what kind of ...”, “I
evaluated my ... goals to see if they are appropriate for me...” and “I made plans regarding what
to do if something interfered with ....” where muscle- and bone-strengthening exercise was the
referent in each question. Assessment of habit used the self-reported automaticity index (e.g.,
muscle and bone strengthening exercise is something | do automatically; Gardner et al., 2012)
and assessment of identity used the role identity subscale (e.g., when I describe myself to others,
| usually include my involvement in...; Wilson & Muon, 2008) from the exercise identity scale
(Anderson & Cychosz, 1994). Response options for both measures were on a seven-point Likert
scale from (1) strongly disagree to (7) strongly agree. Measures of affective attitude (o.=.93; © =

.93), instrumental attitude (o = .93; ® =.93), perceived capability (o = .92; ® = .92), perceived
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opportunity (o =.69; ® = .74), planning (o =.92; ® = .92), habit (o = .96; ® = .96), and identity
(0 =.90; » =.91) showed adequate reliability.

In addition to the M-PAC measures, the questionnaire also included self-reports of age,
sex, ethnicity, education, martial status, income, employment status, and presence of chronic
disease.

Analysis Plan

Data were analysed in SPSS 25 (SPSS Inc., Chicago, IL, USA). For the prediction
analyses, missingness of the variables was inspected to determine the appropriate imputation
procedures (Allison, 2002) and normality of all variables was checked to determine whether any
transformations were required. Descriptives of all variables were computed. For the creation of
the action control framework (i.e., intention-behavior profiles), we coded intenders as those who
scored “agree” to the decisional intention item compared to non-intenders, who scored
“disagree” at time 1. The approach adheres to the binary decisional intention construct used in
M-PAC, as intention is not meant to represent the intensity of commitment but rather the mere
direction of intended action (Rhodes & Rebar, 2017). Subsequent RT, was coded as unsuccessful
(<2 times per week) and successful (>1 time per week) in accordance with RT guidelines (Ross
et al., 2020) and the scale correspondence with all M-PAC measures. This categorization
provides four possible quadrants of: 1) nonintenders (low intention, low RT), 2) nonintenders
who were active (low intention, RT), 3) unsuccessful intenders (high intention, low RT), and 4)
successful intenders (high intention, RT).

Prediction of the intention-RT profile category membership was achieved using
discriminant function analyses and follow-up univariate analysis of variance tests to identify

where there were differences among the M-PAC predictors across the intention-RT profiles,
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while controlling for any demographic and health condition variables associated with profile
membership. To explore the relative contribution of reflective (affective and instrumental
attitude, perceived capability and opportunity), regulatory (planning), and reflexive processes
(habit, identity) we used hierarchical blocks of predictors in the discriminant function analysis.

Our sub-analyses included the same discriminant function analyses tests for age groups
(50+), sex, and the action control x sex and age interaction. We acknowledge that any
chronological age cut-off is arbitrary, and chose this break-down because muscle and bone loss
tends accelerate around this age due to sarcopenia and the beginning of menopause among
females (Ferrucci et al., 2012; McKinlay et al., 1972).

Considering a small-medium effect size (f = .20) from prior research using M-PAC
(Rhodes et al., 2021), an alpha of .01, and a power of .80, 75 participants were needed in a
particular intention-behavior profile to be included in the analyses (Faul et al., 2007). Alpha was
set at p < .01 and effect sizes were estimated to aid in the interpretation of the inferential
statistics results. Specifically, for the associations with the discriminant function, we used r = .15
as the minimum recommended effect size based on past research (Rhodes et al., 2021). Similarly,
for supplementing Bonferroni post-hoc mean differences, we used d = .30 as the minimum
recommended effect size based on comparable past research with M-PAC (Rhodes et al., 2021).

Results

Baseline Characteristics of Respondents

Thirteen hundred and 38 participants responded to the survey invitation and their
demographics and health profile is reported in Table 1. Participants reported a mean age of 46.85
years (SD = 15.95), with 51.7% female, 48% male and 0.03% transgender representation.

Participants were primarily (79.5%) white; however, the sample had variability in education
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(53% university), employment (61%), and income (60% at or above the median for Canadians).
Participants also reported variability in the presence of chronic diseases such as cancer (9%),
heart disease (11%) and type 2 diabetes (11%). In terms of physical activity, 28.8% reported
meeting RT guidelines and 40.3% reported meeting aerobic physical activity guidelines.

Preliminary Analyses

M-PAC variables showed evidence of univariate (e.g., skewness and kurtosis <1.0) and
multivariate normality (Mahalanobis distance = 7.00; p > .05). Descriptive statistics and bivariate
correlations for the M-PAC variables are presented in Supplementary Table 1. All variables were
significantly (p < .05) inter-correlated, ranging from small to large effect sizes. The two-week
follow-up of RT (M = 16. 96 days; SD = 1.26) was completed by 1113 participants (83.2%
retention). Little's MCAR test was not significant (x° 40 = 63.93 p > .05) and a more specific
analysis of a dummy coded missing variable did not show any correlations between baseline RT
or demographics. Thus, a missing at random estimation of these data is accurate and an
imputation approach for time 2 RT was conducted using the expectation-maximization algorithm
(Allison, 2002, 2012).

The intention-behavior profiles of the action control framework yielded the following
distributions for RT: 1) nonintenders (41.4%; n = 554); 2) nonintenders who did RT (2.2%; n =
29); 3) unsuccessful intenders (32.9%; n = 440); and, 4) successful intenders (23.5%; n = 315).
This breakdown shows the RT intention-behavior gap was 58% (number of unsuccessful
intenders divided by the total number of intenders). Due to the extremely small sample size of
nonintenders who resulted in meeting RT guidelines, this cell was eliminated from all further
analyses. Also, due to the small number of transgender participants, our sub-analyses included

only participants who reported being male or female.



Predicting Resistance Training 13

Main Analyses

An examination of the intention-behavior profiles by demographics and health conditions
was performed to determine whether any of these variables should be entered into the
multivariate analyses as covariates (Supplementary Table 2). Employment status (those who
were employed were more likely to follow-up on RT intentions) was associated with the profiles
(p < .01; n? =.02). No other demographic variable was associated with the intention-RT profiles
in the small effect size (or greater) range (Cohen, 1992), so we proceeded in the analyses with
employment status as a covariate. The main results of the discriminant analyses and follow-up
tests are presented in Table 2 and the hierarchical analyses of predictors by reflective, regulatory,
and reflexive constructs are presented in Table 3. The discriminant analysis identified one
significant discriminant function that distinguished among the three groups [Wilks’ A = .45;
canonical r = .73, 2 = (16) = 1022.13, p < .01] and correctly classified 66.4% of cases. Affective
attitude (r = .20), instrumental attitude (r = .20), perceived opportunity (r = .21), behavioral
regulation (r = .43), habit (r = .16) and identity (r = .23) had meaningful correlations with the
discriminant function. Furthermore, the addition of regulatory (AR? = .09) and reflexive (AR? =
.03) constructs contributed significant variance to the discriminant function equation (p <.01).
Post-test follow-up analyses showed that all variables significant in the association with the
discriminant function predicted both nonintenders from unsuccessful intenders and subsequent
unsuccessful intenders from successful intenders with consecutively larger values in each
predictor variable.

Sub-Analyses by Age and Sex

Our sub-analyses by age and sex showed similar findings to our main analyses, with a

significant discriminant function for each group and subsequent significant contributions with
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the entry of regulatory/reflexive variables (see Table 3). The full results of these analyses are
presented in Supplementary Table 3 and Supplementary Table 4. Overall, there was a significant
difference in the relationship between sex and the intention-behavior profiles (32 (2) = 18.36; p <
.01), but no age, or age x sex interaction. Specifically, more nonintenders were male (47%) than
female (38%), yet more females (39%) reported being unsuccessful intenders compared to males
(28%). In terms of M-PAC constructs, the results of the formal statistical tests between age and
sex are presented in Table 4. The correlation with the multivariate discriminant function was
significantly different for perceived capability, habit, and identity (p < .01). Specifically,
perceived capability was associated with prediction of the intention-RT profiles for older females
more than any other demographic group. Perceived capability was also associated with the
intention-RT profiles of young males more than young females. Habit was associated with the
intention-RT profiles for older adults more than younger adults. Finally, older females had a
significantly lower association between identity and the intention-RT profiles compared to all
other groups.
Discussion

Regular RT has been associated with numerous health benefits, particularly as adults age
(Fragala et al., 2019), yet participation is low and promotion efforts are scant in comparison to
aerobic physical activity (Steele et al., 2017). Effective promotion is likely founded on a solid
understanding of behavioral correlates, particularly with the use of an organizing theoretical
framework (Bauman et al., 2012; Rhodes et al., 2019). At present, most theoretical research
focused on RT has included convenience samples or clinical samples, which may not generalize
to the larger adult population; furthermore, almost all RT research has employed social cognition

models which suggest that intention is the critical determinant of behavior and does not consider
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the infamous intention-behavior gap (Rhodes & de Bruijn, 2013; Sheeran & Webb, 2016). The
purpose of this study was to explore RT from the perspective of the M-PAC framework in a
large Canadian adult sample to 1) examine the magnitude of the RT intention-behavior gap, 2)

identify predictors of this gap, and 3) discern any differences by age and sex.

Our results showed that less than a third (28%) of our sample reported meeting RT public
health guidelines, which is commensurate with prevalence estimates from Canadian national
statistics (ParticipACTION, in press) and also similar to Australia (Bennie et al., 2016), and the
United States (Loustalot et al., 2013). This is about half the prevalence of self-reported aerobic
physical activity guidelines (Guthold et al., 2018; ParticipACTION, in press), confirming the
need to place more promotion effort on RT (Steele et al., 2017). Dividing the sample, however,
into intention-RT profiles helped produce a more fine-grained assessment of population
readiness of RT. Specifically, we showed that 41% of the inactive sample were nonintenders,
while 33% of inactive participants had the intention to engage in RT but did not reach this
intention. By contrast, nearly all of the sample participating in RT were those with a positive
intention (24%), making the intention-behavior gap 58%. These proportions were similar across
age, but differed by sex with more male nonintenders (47%) than female (38%), yet more

females (39%) reported being unsuccessful intenders compared to males (28%).

There are several findings in this breakdown of RT and intention profiles that may be
helpful to shape intervention efforts. First, the proportion of nonintenders is roughly double that
of aerobic physical activity (ParticipACTION, 2019; Rhodes & de Bruijn, 2013). From this
evidence, complemented by a recent multi-country study that showed intention to perform RT
was declining due to the pandemic (Steele et al., 2021), we suggest that many people, potentially

even more males specifically, may benefit from promotion aimed at raising RT intentions.
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However, among those intending to engage in RT, the intention-RT gap is also sizeable. In fact,
the results show that the intention-RT gap is larger than aerobic physical activity
(ParticipACTION, 2019; Rhodes & de Bruijn, 2013), and disproportionately larger for females
than males. It is also important to note that few participants (2% of the sample) were classified as
nonintenders who subsequently engaged in RT. This asymmetry in the intention-behavior
relationship supports theorizing in action control theories (Rhodes & Yao, 2015), such as M-
PAC, where intention is conceived as a necessary, yet intermediary construct in regular
behavioral enactment. Taken together, the results support the importance of understanding the
factors that may determine intention formation and intention translation in order to implement
targeted intervention.

Thus, the second purpose of this study was to use the variables present in the M-PAC
framework to predict intention-RT profiles. Overall, there was support for the M-PAC approach
that reflective, regulatory, and reflexive variables all explain unique variance in intention-
behavior concordance (Rhodes, 2017), similar to the prior findings of Vallerand et al. (2016).
This builds upon most prior RT research to show that both regulatory and reflexive processes
should be considered in intervention along with targeting more traditional social cognitive
variables (Rhodes, Lubans, et al., 2017). Contrary to expectations, the means for M-PAC
constructs increased significantly between nonintender, unsuccessful-, and successful intender
groupings. This finding suggests that higher levels of M-PAC variables are generally needed to
enact RT than form an intention, but there was little discrimination to show specific variables
were more important to intention formation than action control. This result provides evidence
against discontinuity patterns among M-PAC variables (Duan et al., 2011; Grant et al., 2021),

and instead suggests that the results may reflect a continuum. Longitudinal analyses of
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participants beginning RT and progressing across time, however, is likely needed to understand
how M-PAC variables change across time (Kekaldinen et al., 2018). The current sample is likely
heterogeneous in past RT experiences and a two-week prospective design is not sufficient to
understand how M-PAC constructs predict true progression from intention formation to action
control.

Despite the lack of evidence for discontinuity patterns, there were noteworthy differences
in the effect sizes across M-PAC constructs, suggesting specific constructs may be most
important to target in interventions. For the reflective constructs, instrumental and affective
attitude were both relatively equal predictors in the small effect size range. This is similar to the
only prior study that has focused on predicting RT intention-behavior profiles (Vallerand et al.,
2016), yet aerobic physical activity research shows that affective attitude, but not instrumental
attitude, is the critical predictor (Grant et al., 2021). We speculate the discrepancy may be
occurring because knowledge about the health benefits of RT is not as prevalent as aerobic
activity (Burton et al., 2017; Steele et al., 2017) and thus, even among intenders, a stronger
expectation of the benefits of RT may translate to prioritizing enactment. Almost all of the adult
population is aware that aerobic physical activity is beneficial to health and this has been
established for some time (Martin et al., 2000; O'Donovan & Shave, 2007). In this case of RT,
however, there may be an opportunity to promote its health benefits along side the affective
aspects of RT (Williams et al., 2019) in order to improve intention formation and subsequent
action control.

The reflective constructs of perceived capability and perceived opportunity also predicted
the RT intention-behavior profiles, generally in the small effect size range. The effect of

perceived opportunity on both intention formation and action control was commensurate with
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our expectations. Perceived opportunity may impact both the formation of an intention and its
translation to behavior to the extent that it represents a proxy for the logistical challenges faced
during day-to-day behavioral enactment (Rhodes, 2017). RT activities often include equipment
(e.g., weights, elastic resistance bands) and recreation centres so environmental opportunity may
be even more important for promotion considerations than aerobic activity (Harada et al., 2011).
In addition, while our survey was conducted between lockdowns at gyms and recreation centres
in Canada, the perception of opportunity may have been compromised for some participants, as
shown in other research (Spence et al., 2021). Promoting opportunities for RT seems a public
health priority as the pandemic subsides. In contrast to perceived opportunity, perceived
capability predicted RT intention-behavior profiles most for older females, and had little
association with RT for males. This may represent gendered stereotypes around RT and
masculinity, which has been particularly manifest in differences among older adults and their
past exercise and sport experiences (Burton et al., 2017; Rhodes et al., 1999). The finding
suggests that specific RT programs targeting females, particularly older females, may be useful
to help build perceptions of capability (Beauchamp & Rhodes, 2020; Chevan, 2008; Galuska et
al., 2002; Rhodes et al., 2001). This promotion aim seems especially relevant and timely,
because RT has particular benefits to healthy ageing for females such as maintaining bone
density and preventing muscle wastage that can dramatically improve functional quality of life
and activities of daily living (Chodzko-Zajko et al., 2009; Fragala et al., 2019).

While reflective processes are key to intention formation theories, the hallmark constructs
of action control theories are regulation processes that manifest as planning, self-monitoring, and
other tactics that people use to translate intentions into action (Rhodes & Yao, 2015). As

expected in our hypotheses and in line with this theorizing, regulation processes were
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consistently the largest predictors of the intention-RT profiles, in the medium effect size range.
The finding supports the overall role of planning and self-monitoring in action control theories
such as M-PAC and the health action process approach (Schwarzer, 2008). The particularly
standout effect sizes in this study compared to past research (Grant et al., 2021; Zhang et al.,
2019), however, may relate to the additional organizational requirements of enacting RT. Like
the perceived opportunity construct noted above, RT often involves more equipment and access
to locations, such as gyms or recreation centers so this requires more self-regulation planning
than aerobic activity. The results support the importance of promoting planning and other self-
regulatory skills (Hagger et al., 2016; Rhodes, Grant, et al., 2020) alongside RT competencies
and knowledge (Lubans et al., 2014; Smith et al., 2016).

M-PAC is unique from other action control theories in its addition of the reflexive
constructs of habit and identity (Rhodes, 2017). These reflexive determinants are hypothesized to
develop as a behavior continues and subsequently increase the efficiency of action control over
time. Our results found habit was not associated with intention-RT profiles for younger/middle-
aged adults, but had a small-medium effect size association with the intention-RT profiles of
older adults. The differences in these findings by age requires more detailed information from
participants to fully understand, but one explanation may have been the tumultuous experiences
of pandemic living faced by younger compared to older adults. Specifically, habits are based on
the forging of stimulus-behavior bonds from repetition within the same context over time
(Gardner & Rebar, 2019; Rebar et al., 2020). The lives of working age Canadians, particularly
those with young families, has been difficult, and many have had to juggle multiple roles with a

break in predictable routines (Garre-Olmo et al., 2021; Glowacz & Schmits, 2020). It may be
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that this unpredictability has lessened the effects of habit on health behaviors such as exercise
(Rhodes, Liu, et al., 2020), particularly for younger/middle-aged adults.

By contrast, RT identity was a predictor of RT intention-behavior profiles for
younger/middle-aged in the medium effect size range. Identity is the self-categorization of
oneself in a particular role, and theorized to motivate behavioral activation reflexively in the face
of cues that suggest someone is behaving differently than that self-categorization in order to
minimize the negative affect that occurs from this dissonance (Burke & Stets, 2009). Previous
research in physical activity during the COVID-19 pandemic has shown that exercise identity
was the strongest predictor of continuing regular physical activity in the face of disruptions
(Rhodes, Liu, et al., 2020). This may also relate to the findings in this study, and help explain the
differences between identity and habit. Specifically, identity theory supports its critical role in
motivating behavior during challenging situations as it promotes increased motivation and self-
regulation when discrepancies in behavioral action appear (Strachan et al., 2015; Strachan et al.,
2017). Habit, on the other hand, will weaken in the face of contextual instability because the
stimulus-behavior associations are no longer consistent (Wood & Runger, 2016). The results,
overall support behavior change strategies that foster identity for RT, although how to promote
identity change effectively in health behaviors is still an emerging focus of research (Caldwell et
al., 2018; Rhodes et al., 2016). Of note, our results found RT identity did not predict the
intention-behavior profiles for older females. Like our findings for perceived capability, these
sex X age interactions may be a reflection of past experiences with physical activity and the
stereotypes around RT, which affect how older females perceive RT within their lives, and the
role it plays (Whaley & Ebbeck, 2002). A more qualitative focus on identity and RT among older

adults is recommended to better understand why these differences may be present.
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Despite the large national sample, the innovative research questions, and the theoretical
and applied strengths of this paper, there are limitations to this research. First, the RT measure
was self-report and thus subject to biases. Second, because our instruments were accessible only
in English, our sampling was reflective of English Canada but may not have full representation
in Quebec, or new Canadians who do not read English. Third, while pandemic restrictions did
not prohibit going to gyms, there were likely protocol in place at gyms (e.g., mask requirements,
social distancing; capacity limitations) that may have influenced perceptions of opportunity so
the results of this study need to be considered within the pandemic context. Fourth, our sub-
analysis by age included a division at age 50, and while we did show interactions with this sub-
analysis, other age thresholds or even a continuous age variable may be a better alternative to
explore these data. Fifth, our behavioral regulation measure included content that focused
primarily on planning and self-monitoring; behavioral regulation in M-PAC is conceived as a
broader construct (e.g., emotion regulation, social tactics) of regulation tactics (Rhodes et al.,
2021), so instruments with this broader focus and a multi-variate focus may yield different
outcomes. Finally, while the design was prospective and could accurately assess action control
over time, the two-week measurement period lacks the temporal range to understand the changes
in RT patterns and intention. A longer time-frame with participants who are new to beginning an
RT program would yield more accurate data on action control.

Conclusions

The study results found that many adult Canadians in our sample were not intending to
engage in RT as recommended by public health guidelines and, among those with positive
intentions, well over half failed to follow-through and enact the behavior. M-PAC constructs

could discriminate these intention-behavior profiles showing that reflective, regulatory, and
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reflexive processes added unigue variance to the prediction equation. Consecutively higher
planning and self-monitoring was particularly important to discriminate these profiles, in
addition to smaller contributions of attitudes (instrumental and affective), and perceived
opportunity. Perceived capability was more critical to predicting the intention-RT profiles of
women, particularly older females, compared to males. By comparison, identity was particularly
important to younger/middle aged adults than older females, while habit was associated with the
intention RT profiles of older adults but not younger/middle aged adults. Collectively, the
findings support the importance of considering intention formation and action control in RT and
the joint promotion of reflective, regulatory, and reflexive processes in the choice of behavior
change techniques. Additional considerations of targeting specific constructs by age and sex may

be needed to maximize the potential effectiveness of interventions.
References

Ajzen, I. (1991). The theory of planned behavior. Organizational Behavior and Human Decision
Processes, 50, 179-211. https://doi.org/10.1016/0749-5978(91)90020-T

Allison, P. D. (2002). Missing Data. Sage Publications.

Allison, P. D. (2012). Handling Missing Data by Maximum Likelihood. SAS Global Forum:
Statistical and Data Analysis, Orlando, Florida.

Anderson, D. F., & Cychosz, C. M. (1994). Development of an exercise identity scale.
Perceptual & Motor Skills, 78, 747-751.
https://doi.org/https://doi.org/10.1177%2F003151259407800313

Ashton, R. E., Tew, G. A., Aning, J. J., Gilbert, S. E., Lewis, L., & Saxton, J. M. (2020). Effects

of short-term, medium-term and long-term resistance exercise training on

cardiometabolic health outcomes in adults: systematic review with meta-analysis. British
Journal of Sports Medicine, 54, 341-348. https://doi.org/10.1136/bjsports-2017-098970
Bandura, A. (1998). Health promotion from the perspective of social cognitive theory.
Psychology and Health, 13, 623-649.
https://doi.org/https://doi.org/10.1080/08870449808407422



https://doi.org/10.1016/0749-5978(91)90020-T
https://doi.org/https:/doi.org/10.1177%2F003151259407800313
https://doi.org/10.1136/bjsports-2017-098970
https://doi.org/https:/doi.org/10.1080/08870449808407422

Predicting Resistance Training 23

Bauman, A,, Reis, R. S., Sallis, J. F., Wells, J. C., Loos, R. J. F., Martin, B. W., & Lancet
Physical Activity Series Working Group. (2012). Correlates of physical activity: why are
some people physically active and others not? Lancet, 380, 258-271.
https://doi.org/https://doi.org/10.1016/s0140-6736(12)60735-1

Beauchamp, M. R., & Rhodes, R. E. (2020). A Group-mediated approach to precision medicine -

Social identification, prevention, and treatment. JAMA Psychiatry, 77, 555-556.
https://doi.org/10.1001/jamapsychiatry.2020.0024
Bennie, J. A, Pedisic, Z., van Uffelen, J. G., Gale, J., Banting, L. K., Vergeer, I., Stamatakis, E.,

Bauman, A. E., & Biddle, S. J. (2016). The descriptive epidemiology of total physical
activity, muscle-strengthening exercises and sedentary behaviour among Australian
adults—results from the National Nutrition and Physical Activity Survey. BMC Public
Health, 16(1), 1. https://doi.org/10.1186/s12889-016-2736-3

Blair, S. N., LaMonte, M. J., & Nichaman, M. Z. (2004). The evolution of physical activity
recommendations: how much is enough? . The American Journal of Clinical Nutrition,
79, S913-5920. https://doi.org/10.1093/ajcn/79.5.913S

Branscum, P., & Fairchild, G. (2019). Differences in determinants of aerobic and muscle

strengthening physical activity among college students: a reasoned action approach.
Journal of Sports Sciences, 37, 90-99. https://doi.org/10.1080/02640414.2018.1483179
Bryan, A. D., & Rocheleau, C. A. (2002). Predicting aerobic versus resistance exercise using the

theory of planned behavior. American Journal of Health Behavior, 26, 83-94.
https://doi.org/10.5993/ajhb.26.2.1

Burke, P. J., & Stets, J. E. (2009). Identity Theory. Oxford University Press.
https://doi.org/10.1007/978-94-007-6772-0 2

Burton, E., Farrier, K., Lewin, G., Pettigrew, S., Hill, A. M., Airey, P., Liz Bainbridge, L., &

Hill, K. D. (2017). Motivators and barriers for older people participating in resistance
training: A systematic review. Journal of Aging and Physical Activity, 25, 311-324.
https://doi.org/10.1123/japa.2015-0289

Caldwell, A. E., Masters, K. S., Peters, J. C., Bryan, A. D., Grigsby, J., Hooker, S. A., Wyatt, H.

R., & Hill, J. O. (2018). Harnessing centred identity transformation to reduce executive
function burden for maintenance of health behaviour change: the Maintain IT model.
Health Psychology Review, 12, 231-253. https://doi.org/10.1080/17437199.2018.1437551



https://doi.org/https:/doi.org/10.1016/s0140-6736(12)60735-1
https://doi.org/10.1001/jamapsychiatry.2020.0024
https://doi.org/10.1186/s12889-016-2736-3
https://doi.org/10.1093/ajcn/79.5.913S
https://doi.org/10.1080/02640414.2018.1483179
https://doi.org/10.5993/ajhb.26.2.1
https://doi.org/10.1007/978-94-007-6772-0_2
https://doi.org/10.1123/japa.2015-0289
https://doi.org/10.1080/17437199.2018.1437551

Predicting Resistance Training 24

Chevan, J. (2008). Demographic determinants of participation in strenght training activities
among U.S. adults. Journal of Strength and Conditioning Research, 22, 553-558.
https://doi.org/10.1519/JSC.0b013e3181636bee

Chodzko-Zajko, W. J., Proctor, D. N., Fiatarone Singh, M. A., Minson, C. T., Nigg, C. R.,

Salem, G. J., & Skinner, J. S. (2009). Exercise and physical activity for older adults.
Medicine & Science in Sports & Exercise, 41, 1510-1530.
https://doi.org/10.1249/MSS.0b013e3181a0c95¢c

Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155-159.
https://doi.org/10.1037/0033-2909.112.1.155

Courneya, K. S. (1994). Predicting repeated behavior from intention: The issue of scale

correspondence. Journal of Applied Social Psychology, 24, 580-594.

Dean, R. N., Farrell, J. E., Kelley, M. L., Taylor, J., & Rhodes, R. E. (2006). Testing the efficacy
of the theory of planned behaviour to predict strength training in older adults. Journal of
Aging and Physical Activity, 15, 1-12. https://doi.org/0.1123/japa.15.1.1

Duan, y., Lippke, S., Wagner, P., & Brehm, W. (2011). Testing two stage assessments in a

Chinese college student sample: Correspondences and discontinuity patterns across
stages. Psychology of Sport and Exercise, 12, 306-313.

Faigenbaum, A. D., Kraemer, W. J., Blimkie, C. J. R., Jeffreys, I., Micheli, L. J., Nitka, M., &
Rowland, T. W. (2009). Youth resistance training: updated position statement paper from
the national strength and conditioning association. Journal of Strength and Conditioning
Research, 23, S60-S79. https://doi.org/10.1519/JSC.0b013e31819df407

Falck, R. S., Davis, J. C., Best, J. R., Crockett, R. A., & Liu-Ambrose, T. (2019). Impact of

exercise training on physical and cognitive function among older adults: a systematic

review and meta-analysis. Neurobiology of Aging, 79, 119-130.
https://doi.org/10.1016/j.neurobiolaging.2019.03.007

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39, 175-191. https://doi.org/10.3758/bf03193146

Ferrucci, L., de Cabo, R., Knuth, N. D., & Studenski, S. (2012). Of Greek heroes, wiggling

worms, mighty mice, and old body builders. The Journals of Gerontology. Series A,



https://doi.org/10.1519/JSC.0b013e3181636bee
https://doi.org/10.1249/MSS.0b013e3181a0c95c
https://doi.org/10.1037/0033-2909.112.1.155
https://doi.org/0.1123/japa.15.1.1
https://doi.org/10.1519/JSC.0b013e31819df407
https://doi.org/10.1016/j.neurobiolaging.2019.03.007
https://doi.org/10.3758/bf03193146

Predicting Resistance Training 25

Biological Sciences and Medical Sciences, 67, 13-16.
https://doi.org/10.1093/gerona/qlr046
Fragala, M. S., Cadore, E. L., Dorgo, S., Izquierdo, M., Kraemer, W. J., Peterson, M. D., &

Ryan, E. D. (2019). Resistance training for older adults: Position statement From the
National Strength and Conditioning Association. Journal of Strength and Conditioning
Research, 33, 2019-2052. https://doi.org/10.1519/JSC.0000000000003230

Galuska, D. A, Earle, D., & Fulton, J. E. (2002). The epidemiology of U.S. adults who regularly
engage in resistance training. Research Quarterly for Exercise and Sport, 73, 330-334.
https://doi.org/10.1080/02701367.2002.10609027

Gardner, B., Abraham, C., Lally, P., & De Bruijn, G. J. (2012). Towards parsimony in habit

measurement: Testing the convergent and predictive validity of an automaticity subscale

of the self-report habit index. International Journal of Behavioral Nutrition and Physical
Activity, 9, 102. https://doi.org/https://doi.org/10.1186/1479-5868-9-102
Gardner, B., & Rebar, A. L. (2019). Habit formation and behavior change. In Oxford Research

Encyclopedia of Psychology. Oxford University Press.
https://doi.org/10.1093/0b0/9780199828340-0232

Garre-OlImo, J., Turr6-Garriga, O., Marti-Lluch, R., Zacarias-Pons, L., Alves-Cabratosa, L.,

Serrano-Sarbosa, D., Vilalta-Franch, J., Ramos, R., & Girona Healthy Region Study
Group. (2021). Changes in lifestyle resulting from confinement due to COVID-19 and
depressive symptomatology: A cross-sectional a population-based study. Comprehensive
Psychiatry, 104, 152214. https://doi.org/10.1016/j.comppsych.2020.152214

Glowacz, F., & Schmits, E. (2020). Psychological distress during the COVID-19 lockdown: The
young adults most at risk. Psychiatry Research, 293, 113486.
https://doi.org/10.1016/j.psychres.2020.113486

Godin, G., Jobin, J., & Bouillon, J. (1986). Assessment of leisure time exercise behavior by self-

report: A concurrent validity study. Canadian Journal of Public Health, 77, 359-361.
Godin, G., & Shephard, R. J. (1985). A simple method to assess exercise behavior in the
community. Canadian Journal of Applied Sport Science, 10, 141-146.
Grant, S., Lithopoulos, A., & Rhodes, R. E. (2021). Understanding action control of physical
activity among mothers with young children. International Journal of Sport and Exercise
Psychology. https://doi.org/10.1080/1612197X.2020.1869805



https://doi.org/10.1093/gerona/glr046
https://doi.org/10.1519/JSC.0000000000003230
https://doi.org/10.1080/02701367.2002.10609027
https://doi.org/https:/doi.org/10.1186/1479-5868-9-102
https://doi.org/10.1093/obo/9780199828340-0232
https://doi.org/10.1016/j.comppsych.2020.152214
https://doi.org/10.1016/j.psychres.2020.113486
https://doi.org/10.1080/1612197X.2020.1869805

Predicting Resistance Training 26

Guthold, R., Stevens, G., Riley, L., & Bull, F. (2018). Worldwide trends in insufficient physical
activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1.9
million participants. Lancet, 6, €1077-1086. https://doi.org/https://doi.org/10.1016/s2214-
109x(18)30357-7

Hagger, M. S., Luszczynska, A., de Wit, J., Benyamini, Y., Burkert, S., Chamberland, P. E.,
Chater, A., Dombrowski, S. U., van Dongen, A., French, D. P., Gauchet, A., Hankonen,
N., Karekla, M., Kinney, A. Y., Kwasnicka, D., Lo, S. H., L6pez-Roig, S., Meslot, C.,
Marques, M. M., Neter, E., Plass, A. M., Potthoff, S., Rennie, L., Scholz, U., Stadler, S.,
Stolte, E., ten Hoor, G., Verhoeven, A., Wagner, M., Oettingen, G., Sheeran, P., &

Gollwitzer, P. M. (2016). Implementation intention and planning interventions in Health

Psychology: Recommendations from the Synergy Expert Group for research and practice.
Psychology & health, 31, 814-839. https://doi.org/10.1080/08870446.2016.1146719

Hallal, P. C., Bo Andersen, L., Bull, F. C., Guthold, R., Haskell, W., Ekelund, U., & Lancet
Physical Activity Series Working Group. (2012). Global physical activity levels:

surveillance progress, pitfalls, and prospects. Lancet, 380, 247-257.

Harada, K., Oka, K., Shibata, A., Ishii, K., Nakamura, Y., Inoue, S., & Shimomitsu, T. (2011).
Strength-training behavior and perceived environment among Japanese older adults.
Journal of Aging and Physical Activity, 19, 262-272.
https://doi.org/10.1123/japa.19.3.262

Hulteen, R. M., Smith, J. J., Morgan, P. J., Barnett, L. M., Hallal, P. C., Colyvas, K., & Lubans,
D. R. (2017). Global participation in sport and leisure-time physical activities: A

systematic review and meta-analysis. Preventive Medicine, 95, 14-25.
https://doi.org/10.1016/j.ypmed.2016.11.027
Kekalainen, T., Kokko, K., Tammelin, T., Sipil&, S., & Walker, S. (2018). Motivational

characteristics and resistance training in older adults: A randomized controlled trial and

1-year follow-up. Scandinavian Journal of Medicine & Science in Sports, 28, 2416-2426.
https://doi.org/10.1111/sms.13236

Kraschnewski, J. L., Sciamanna, C. N., Poger, J. M., Rovniak, L. R., Lehman, E. B., Cooper, A.
B., Ballentine, N. H., & Ciccolo, J. T. (2016). Is strength training associated with

mortality benefits? A 15 year cohort study of US older adults. Preventive Medicine, 87,
121-127. https://doi.org/10.1016/j.ypmed.2016.02.038



https://doi.org/https:/doi.org/10.1016/s2214-109x(18)30357-7
https://doi.org/https:/doi.org/10.1016/s2214-109x(18)30357-7
https://doi.org/10.1080/08870446.2016.1146719
https://doi.org/10.1123/japa.19.3.262
https://doi.org/10.1016/j.ypmed.2016.11.027
https://doi.org/10.1111/sms.13236
https://doi.org/10.1016/j.ypmed.2016.02.038

Predicting Resistance Training 27

Kuhl, J. (1984). Motivational aspects of achievement motivation and learned helplessness:
Towards a comprehensive theory of action control. In B. A. Maher & W. B. Maher
(Eds.), Progress in Experimental Personality Research (Vol. 13, pp. 99-171). Academic
Press.

Loustalot, F., Carlson, S., & Kruger, J. (2013). Muscle-strengthening activities and participation
among adults in the United States. Research Quarterly for Exercise and Sport, 84, 30-38.
https://doi.org/10.1080/02701367.2013.762289

Lubans, D. R., Smith, J., Harries, S., Barnett, L., & Faigenbaum, A. (2014). Development, test-

retest reliability and construct validity of the Resistance Training Skills Battery. Journal
of Strength and Conditioning Research, 28, 1373-1380.
https://doi.org/10.1519/JSC.0b013e31829b5527
Martin, S. B., Morrow, J. R. J., Jackson, A. W., & Dunn, A. L. (2000). Variables related to
meeting the CDC/ACSM physical activity guidelines. Medicine & Science in Sports &
Exercise, 32, 2087-2092. https://doi.org/10.1097/00005768-200012000-00019
McEachan, R., Taylor, N., Harrison, R., Lawton, R., Gardner, P., & Conner, M. (2016). Meta-
analysis of the reasoned action approach (RAA) to understanding health behaviors.
Annals of Behavioral Medicine, 50, 592-612. https://doi.org/10.1007/s12160-016-9798-4
McKinlay, S., Jefferys, M., & Thompson, B. (1972). An investigation of the age at menopause.
Journal of Biosocial Science, 4, 161-173. https://doi.org/10.1017/s0021932000008464
O'Donovan, G., & Shave, R. (2007). British adults' views on the health benefits of moderate and

vigorous activity. Preventive Medicine, 45, 432-435.
https://doi.org/10.1016/j.ypmed.2007.07.026
Orr, R., Raymond, J., & Fiatarone Singh, M. (2008). Efficacy of progressive resistance training

on balance performance in older adults : a systematic review of randomized controlled
trials. Sports Medicine, 38, 317-343. https://doi.org/10.2165/00007256-200838040-00004
ParticipACTION. (2019). 2019 ParticipACTION report card on physical activity for adults.
https://participaction.cdn.prismic.io/participaction/ab4a4dla-35a3-40f1-9220-
7b033ae21490 2019 ParticipACTION_Report_Card_on_Physical _Activity for_Adults.

pdf
ParticipACTION. (in press). 2021 ParticipACTION Report Card on Adult Physical Activity



https://doi.org/10.1080/02701367.2013.762289
https://doi.org/10.1519/JSC.0b013e31829b5527
https://doi.org/10.1097/00005768-200012000-00019
https://doi.org/10.1007/s12160-016-9798-4
https://doi.org/10.1017/s0021932000008464
https://doi.org/10.1016/j.ypmed.2007.07.026
https://doi.org/10.2165/00007256-200838040-00004
https://participaction.cdn.prismic.io/participaction/ab4a4d1a-35a3-40f1-9220-7b033ae21490_2019_ParticipACTION_Report_Card_on_Physical_Activity_for_Adults.pdf
https://participaction.cdn.prismic.io/participaction/ab4a4d1a-35a3-40f1-9220-7b033ae21490_2019_ParticipACTION_Report_Card_on_Physical_Activity_for_Adults.pdf
https://participaction.cdn.prismic.io/participaction/ab4a4d1a-35a3-40f1-9220-7b033ae21490_2019_ParticipACTION_Report_Card_on_Physical_Activity_for_Adults.pdf

Predicting Resistance Training 28

Plotnikoff, R. C., Courneya, K. S., Trinh, L., Karunamuni, N., & Sigal, R. J. (2008). Aerobic
physical activity and resistance training: an application of the theory of planned behavior
among adults with type 2 diabetes in a random, national sample of Canadians.
International Journal of Behavioral Nutiriton and Physical Activity, 5, 61.
https://doi.org/10.1186/1479-5868-5-61

Rebar, A., Gardner, B., & Verplanken, B. (2020). Habit in exercise behavior. In G. Tenenbaum
& R. C. EKlund (Eds.), The handbook of sport psychology (4th Edition) (pp. 986-999).
John Wiley & Sons, Inc.

Rhodes, R. E. (2017). The evolving understanding of physical activity behavior: A multi-process
action control approach. In A. J. Elliot (Ed.), Advances in Motivation Science (Vol. 4, pp.
171-205). Elsevier Academic Press.
https://doi.org/https://doi.org/10.1016/bs.adms.2016.11.001

Rhodes, R. E. (2021). The Multi-Process Action Control Approach. Retrieved October 7, 2021
from https://onlineacademiccommunity.uvic.ca/mpac/

Rhodes, R. E., Blanchard, C. M., & Matheson, D. H. (2006). A multi-component model of the

theory of planned behavior. British Journal of Health Psychology, 11, 119-137.
https://doi.org/https://doi.org/10.1348/135910705X52633

Rhodes, R. E., Blanchard, C. M., & Matheson, D. H. (2007). Motivational antecedent beliefs of
endurance, strength, and flexibility activities. Psychology, Health and Medicine, 12, 148-
162. https://doi.org/10.1080/13548500500429346

Rhodes, R. E., Bredin, S. S. D., Janssen, I., Warburton, D. E. R., & Bauman, A. (2017). Physical
activity: Health impact, prevalence, correlates and interventions. Psychology and Health,
32, 942-975. https://doi.org/https://doi.org/10.1080/08870446.2017.1325486

Rhodes, R. E., & de Bruijn, G. J. (2013). How big is the physical activity intention-behaviour

gap? A meta-analysis using the action control framework. British Journal of Health
Psychology, 18, 296-309. https://doi.org/10.1111/bjhp.12032

Rhodes, R. E., Grant, S., & De Bruijn, G. J. (2020). Planning and Implementation Intention
Interventions. In M. S. Hagger, L. D. Cameron, K. Hamilton, N. Hankonen, & T.
Lintunen (Eds.), Handbook of Behavior Change (pp. 572-585). Cambridge University

Press.


https://doi.org/10.1186/1479-5868-5-61
https://doi.org/https:/doi.org/10.1016/bs.adms.2016.11.001
https://onlineacademiccommunity.uvic.ca/mpac/
https://doi.org/https:/doi.org/10.1348/135910705X52633
https://doi.org/10.1080/13548500500429346
https://doi.org/https:/doi.org/10.1080/08870446.2017.1325486
https://doi.org/10.1111/bjhp.12032

Predicting Resistance Training 29

Rhodes, R. E., Kaushal, N., & Quinlan, A. (2016). Is physical activity a part of who I am? A
review and meta-analysis of identity, schema and physical activity Health Psychology
Review, 10, 204-225. https://doi.org/http://dx.doi.org/10.1080/17437199.2016.1143334

Rhodes, R. E., La, H., Quinlan, A., & Grant, S. (2021). Enacting physical activity intention: A

multi-process action control approach. In C. Englert & I. Taylor (Eds.), Motivation and
Self-regulation in Sport and Exercise (pp. 8-20). Taylor & Francis.

Rhodes, R. E., Liu, S., Lithopoulos, A., Zhang, C. Q., & Garcia-Barrera, M. A. (2020).
Correlates of perceived physical activity transitions during the COVID-19 pandemic
among a sample of Canadian adults. Applied Psychology: Health and Well-Being, 12,
1157-1182. https://doi.org/10.1111/aphw.12236

Rhodes, R. E., Lubans, D., Karunamuni, N., Kennedy, S., & Plotnikoff, R. C. (2017). Factors
associated with participation in resistance training: A systematic review. British Journal
of Sports Medicine, 51, 1466-1772. https://doi.org/10.1136/bjsports-2016-096950

Rhodes, R. E., Martin, A. D., & Taunton, J. E. (2001). Temporal relationships of self-efficacy
and social support as predictors of adherence in a 6-month strength-training program for
older women. Perceptual & Motor Skills, 93, 693-703.
https://doi.org/10.2466/pms.2001.93.3.693

Rhodes, R. E., Martin, A. D., Taunton, J. E., Rhodes, E. C., Donnelly, M., & Elliot, J. (1999).
Factors associated with exercise adherence among older adults: An individual
perspective. Sports Medicine, 28, 397-411. https://doi.org/10.2165/00007256-
199928060-00003

Rhodes, R. E., McEwan, D., & Rebar, A. (2019). Theories of physical activity behavior change:
A history and synthesis of approaches. Psychology of Sport & Exercise, 42, 100-109.

Rhodes, R. E., & Rebar, A. (2017). Conceptualizing and defining the intention construct for
future physical activity research. Exercise and Sports Sciences Reviews, 45, 209-216.
https://doi.org/10.1249/JES.0000000000000127

Rhodes, R. E., & Yao, C. (2015). Models accounting for intention-behavior discordance in the

physical activity domain: A user’s guide, content overview, and review of current
evidence. International Journal of Behavioral Nutrition and Physical Activity, 12(9), 1-
15. https://doi.org/https://doi.org/10.1186/s12966-015-0168-6



https://doi.org/http:/dx.doi.org/10.1080/17437199.2016.1143334
https://doi.org/10.1111/aphw.12236
https://doi.org/10.1136/bjsports-2016-096950
https://doi.org/10.2466/pms.2001.93.3.693
https://doi.org/10.2165/00007256-199928060-00003
https://doi.org/10.2165/00007256-199928060-00003
https://doi.org/10.1249/JES.0000000000000127
https://doi.org/https:/doi.org/10.1186/s12966-015-0168-6

Predicting Resistance Training 30

Ross, R., Chaput, J., Giangregorio, L., Janssen, I., Saunders, T. J., Kho, M. E., Poitras, V. J.,
Tomasone, J., EI-Kotob, R., McLaughlin, E. C., Duggan, M., Carrier, J., Carson, V.,
Chastin, S., Latimer-Cheung, A., Chulak-Bozzer, T., Faulkner, G., Flood, S. M.,
Gazendam, M. K., Healy, G. N., Katzmarzyk, P. T., Kennedy, W., Lane, K., Lorbergs,
A., Maclaren, K., S., M., Powell, K. E., Rhodes, R. E., Ross-White, E., Welsh, F.,
Willumsen, J., & Tremblay, M. S. (2020). Canadian 24-hour movement guidelines for
adults aged 18-64 years and adults aged 65 years or older: An integration of physical
activity, sedentary behaviour, and sleep. Applied Physiology, Nutrition, and Metabolism,
45, S57-5102. https://doi.org/10.1139/apnm-2020-0467

Rothman, A. J. (2004). Is there nothing more practical than a good theory? Why innovations and

advances in health behavior change will arise if interventions are used to test and refine
theory. International Journal of Behavioral Nutrition and Physical Activity, 1, 11.
https://doi.org/10.1186/1479-5868-1-11

Schwarzer, R. (2008). Modeling health behavior change: How to predict and modify the

adoption and maintenance of health behaviors. Applied Psychology, 57, 1-29.

Sheeran, P., & Webb, T. L. (2016). The intention-behavior gap. Social and Personality
Psychology Compass, 10, 503-518.

Smith, J. J., Morgan, P. J., Plotnikoff, R. C., Stodden, D., & Lubans, D. R. (2016). Mediating
effects of resistance training skill competency on health-related fitness: The ATLAS
cluster RCT. Journal of Sports Sciences, 34, 772-779.
https://doi.org/10.1080/02640414.2015.1069383

Sniehotta, F. F., Scholz, U., & Schwarzer, R. (2006). Action plans and coping plans for physical

exercise: A longitudinal intervention study in cardiac rehabilitation. British Journal of
Health Psychology, 11, 23-37. https://doi.org/10.1348/135910705X43804

Spence, J. C., Rhodes, R. E., McCurdy, A., Mangan, A., Hopkins, D., & Mummery, K. (2021).
Determinants of physical activity among adults in the UK during the COVID-19
pandemic: The DUK-COVID study. British Journal of Health Psychology, 26, 588-605.
https://doi.org/10.1111/bjhp.12497

Statistics Canada. (2019). Annual demographic estimates: Canada, Provinces and Territories.

Analysis: Population by age and sex. Statistics Canada Catalogue no. 91-215-X.
https://www150.statcan.gc.ca/n1/pub/91-215-x/2018002/sec2-eng.htm.



https://doi.org/10.1139/apnm-2020-0467
https://doi.org/10.1186/1479-5868-1-11
https://doi.org/10.1080/02640414.2015.1069383
https://doi.org/10.1348/135910705X43804
https://doi.org/10.1111/bjhp.12497
https://www150.statcan.gc.ca/n1/pub/91-215-x/2018002/sec2-eng.htm

Predicting Resistance Training 31

Steele, J., Androulakis-Korakakis, P., Carlson, L., Williams, D., Phillips, S., Smith, D.,
Schoenfeld, B. J., Loenneke, J. P., Winett, R., Abe, T., Dufour, S., Franchi, M. V., Sarto,
F., Lundberg, T. R., Gentil, P., Kvorning, T., Giessing, J., Sedliak, M., Paoli, A.,
Spotswood, F., Lucas, A., & Fisher, J. P. (2021). The Impact of Coronavirus (COVID-
19) Related Public-Health Measures on Training Behaviours of Individuals Previously
Participating in Resistance Training: A Cross-Sectional Survey Study. Sports Medicine,
51, 1561-1580. https://doi.org/https://doi.org/10.1007/s40279-021-01438-5

Steele, J., Fisher, J., Skivington, M., Dunn, C., Arnold, J., Tew, G., Batterham, A. M., Nunan,
D., O’Driscoll, J. M., Mann, S., Beedie, C., Jobson, S., Smith, D., Vigotsky, A., Phillips,
S., Estabrooks, P., & Winett, R. (2017). A higher effort-based paradigm in physical
activity and exercise for public health: making the case for a greater emphasis on
resistance training. BMC Public Health, 17, 300. https://doi.org/10.1186/s12889-017-
4209-8

Strachan, S. M., Brawley, L. R., Spink, K. S., Sweet, S. N., & Perras, M. G. M. (2015). Self-

regulatory efficacy's role in the relationship between exercise identity and perceptions of

and actual exercise behaviour. Psychology of Sport and Exercise, 18, 53-59.

Strachan, S. M., Perras, M. G. M., Forneris, T., & Stadig, G. S. (2017). I'm an exerciser:
Common conceptualisations of and variation in exercise identity meanings. International
Journal of Sport and Exercise Psychology, 15, 321-336.
https://doi.org/https://psycnet.apa.org/doi/10.1080/1612197X.2015.1096292

U.S. Department of Health and Human Services. (2018). Physical Activity Guidelines for

Americans (2nd ed.). US Department of Health and Human Services.

Umstattd, M. R., Motl, R., Wilcox, S., Saunders, R., & Watford, M. (2009). Measuring physical
activity self-regulation strategies in older adults. Journal of physical activity & health, 6,
S105-S112. https://doi.org/10.1123/jpah.6.51.5105

Vallerand, J., Rhodes, R. E., Walker, G. J., & Courneya, K. S. (2016). Understanding strength

exercise intentions and behavior in hematologic cancer survivors: An analysis of the

intention-behavior gap. Journal of Cancer Survivorship, 10, 144-147.
https://doi.org/10.1007/s11764-016-0540-9



https://doi.org/https:/doi.org/10.1007/s40279-021-01438-5
https://doi.org/10.1186/s12889-017-4209-8
https://doi.org/10.1186/s12889-017-4209-8
https://doi.org/https:/psycnet.apa.org/doi/10.1080/1612197X.2015.1096292
https://doi.org/10.1123/jpah.6.s1.s105
https://doi.org/10.1007/s11764-016-0540-9

Predicting Resistance Training 32

Warburton, D. E. R., & Bredin, S. S. D. (2017). Health benefits of physical activity: a systematic
review of current systematic reviews. Current Opinion in Cardiology, 32, 541-556.
https://doi.org/https://doi.org/10.1097/hc0.0000000000000437

Whaley, D. E., & Ebbeck, V. (2002). Self-schemata and exercise identity in older adults. Journal
of Aging and Physical Activity, 10, 245-259.

Williams, D. M., & Rhodes, R. E. (2014). The confounded self-efficacy construct: Review,
conceptual analysis, and recommendations for future research. Health Psychology
Review, 9, 1-16. https://doi.org/10.1080/17437199.2014.941998

Williams, D. M., Rhodes, R. E., & Conner, M. T. (2019). Conceptualizing and intervening on
affective determinants of health behaviour. Psychology & health, 34, 1267-1281.
https://doi.org/10.1080/08870446.2019.1675659

Wilson, P. M., & Muon, S. (2008). Psychometric properties of the exercise identity scale in a

university sample. International Journal of Sport and Exercise Psychology, 6, 115-131.
Wood, W., & Runger, D. (2016). Psychology of Habit. Annual Review of Psychology, 67, 1-11.
https://doi.org/10.1146/annurev-psych-122414-033417
World Health Organization. (2010). Global Recommendation on Physical Activity for Health.

World Health Organization.
World Health Organization. (2020). Physical Activity. https://www.who.int/news-room/fact-

sheets/detail/physical-activity

Zhang, C. Q., Zhang, R., Schwarzer, R., & Hagger, M. S. (2019). A meta-analysis of the Health
Action Process Approach. Health Psychology, 38, 623-637.
https://doi.org/10.31234/osf.io/4pc27



https://doi.org/https:/doi.org/10.1097/hco.0000000000000437
https://doi.org/10.1080/17437199.2014.941998
https://doi.org/10.1080/08870446.2019.1675659
https://doi.org/10.1146/annurev-psych-122414-033417
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://www.who.int/news-room/fact-sheets/detail/physical-activity
https://doi.org/10.31234/osf.io/4pc27

Predicting Resistance Training 33

Table 1

Sample Demographics

Baseline Characteristics (N = 1338)

Demographic Profile

Age in Years (SD) 46.85 (15.95)
% Female 51.7
% Male 48.0
% Transgendered 0.3
% Visible Minority 20.5
% Black 2.6
% Asian 9.0
% South Asian 5.3
% South East Asian 1.3
% Indigenous 1.3
% Other 1.0
% College Education and above 52.7
g
% Married/Common-law 54.3
% Income $75k CDN and above 60.1
% Full-time Employed 49.5
% Part-time Employed 11.7

Health Profile

% Heart Disease 11.1
% Cancer 9.9
% T2 Diabetes 11.0
% High Blood Pressure 23.4
% meeting MVPA Guidelines 40.3

% Meeting RT Guidelines 28.8
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Table 2.

Prediction of Resistance Training Intention-Behavior Profiles using Multi-Process Action Control Variables.

Intention-Behavior Profiles Correlation Univariate Post Hocs
with Follow-Up
Discriminant F2,1306
Non-intenders  Unsuccessful Intenders Successful Intenders  Function
(n =554) (n=440) (n=315)

Employment Status 1.54 (0.50) 1.63 (0.48) 1.71 (0.45) .04 NA NA
Instrumental Attitude 4.76 (1.56) 5.75(1.17) 6.35 (0.92) .20 164.56* NI < Ul <SI
Affective Attitude 3.27 (1.40) 4.83 (1.29) 5.61(1.19) .20 362.11* NI < Ul <SI
Perceived Capability 4.31(1.59) 5.50 (1.15) 6.13 (0.94) 12 NA NA
Perceived Opportunity 4.39 (1.63) 5.49 (1.13) 6.15 (0.96) 21 192.06* NI < Ul < Sl
Behavioral Regulation 2.33(1.19) 4.26 (1.24) 4.80 (1.33) 43 470.19* NI < Ul < Sl
Habit 2.26 (1.31) 3.67 (1.54) 4.58 (1.54) .16 281.21* NI < Ul < Sl
Identity 2.07 (1.19) 3.66 (1.54) 4.64 (1.45) .23 381.13%* NI < Ul <SI

Note: *=p < .01 and n?>.01. NI = non-intenders; Ul = unsuccessful intenders; SI = successful intenders. NA = not applicable. Post hoc tests interpreted as p < .01
and d > 0.30.



Table 3
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Comparison of reflective, regulatory, and reflexive processes as predictors of Resistance
Training in hierarchical analyses

Processes Wilks’ A Canonical X? AR? AX?
Correlation

Overall Model

Reflective Processes 0.57 .65 720.86* 43 720.86*

Regulatory Processes 0.48 12 949.09* .09 228.23*

Reflexive Processes 0.45 .73 1022.13* .03 73.04*

Males Aged 18-49

Reflective Processes 0.58 .64 179.24* 42 179.24*

Regulatory Processes 0.47 12 248.04* A1 68.8*

Reflexive Processes 0.46 .73 259.58* .01 11.54*

Females Aged 18-49

Reflective Processes 0.63 .60 187.05* 37 187.05*

Regulatory Processes 0.54 .67 250.86* .09 63.81*

Reflexive Processes 0.51 .69 271.99* .03 21.13*

Males Aged 50+

Reflective Processes 0.52 .69 182.96* 48 182.96*

Regulatory Processes 0.45 74 223.98* .07 41.02*

Reflexive Processes 0.40 .76 253.96* .05 29.98*

Females Aged 50+

Reflective Processes 0.49 71 185.88* 51 185.88*

Regulatory Processes 0.41 7 231.65* .08 45.77*

Reflexive Processes 0.37 .78 256.50* .04 24.85*

Note: * = p < .01.



Table 4

Comparison of Multi-Process Action Control Constructs discriminant function correlations by Age and Sex

X2 p-level Post-Hoc

Instrumental attitude 3.82 .28 NA
Affective attitude 10.08 .02 NA
Perceived capability 22.39 <.01 YM<YF,OF; OM<OF
Perceived opportunity 5.74 A3 NA
Behavioral regulation 4.65 .20 NA

Habit 29.29 <.01 YF,YM<OM,OF
Identity 23.96 <.01 OF<OM,YM,YF
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Note: p < .01 criterion for post-hoc follow-up. YM = younger males, YF = younger females, OM = older males, OF = older females.
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