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ABSTRACT
The primary purpose of the present study was to identify the optimum variables to express
the interrelationship between physical capacity (PC) and physical activity (PA) of
community-dwelling older adults (65+), during activities of daily living, as measured by
wireless health sensors. Second, it aimed to determine if PC was a predictor of change in a
goal-setting intervention. Seventy-six (N = 76) older men and women (M age= 74.05 +
5.15 years) had their PC measured in the laboratory using the MoveTest and then had their
daily PA measured at home for one week, using the MoveMonitor. Twenty-three (n = 23)
of these participants (M age = 73.13 + 5.41 years) then set goals for step count, active time,
and sitting time, and completed two weeks of monitoring/feedback. Correlation matrices
and clustering identified ten variables to represent PC and PA. Canonical correlation
analysis indicated a non-significant relationship between PC and PA. Repeated-measures
ANOVAs found significant improvements in step count (p = .002), active time (p < .001),
movement intensity of active time (p < .001), and walking duration (> 20 sec bouts, p <
.001). Linear-regression found PC variables were not significant predictors of change
within the intervention. Although no relationship between PC and PA was found, the
results of this study identified important PC and PA variables that may be used to represent
older adults’ mobility.
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1. Introduction
For the first time in Canadian history, the number of older adults (65+ years of age)
exceeds the number of children 0-14 years old (Canadian Medical Association, 2016).
Presently, this demographic makes up 17.2% of our population (20.8% in New Brunswick),
and this number is expected to rise to 25% by the year 2036 (Canadian Medical
Association, 2016, Statistics Canada, 2019). Despite making up less than one fifth of our
population, services for older adults account for 46% of public-sector healthcare spending
(State of Seniors Health-care in Canada, 2016). This high cost is unsurprising when
considering approximately 75-80% of this demographic presents with at least one chronic
condition. Furthermore, in addition to its substantial economic ramifications, aging, and its
associated decline in health, has significant effects at an individual level as well. For
example, living with chronic illness is associated with higher rates of mental illness
(Canadian Mental Health Association, 2008), and a decline in quality of life is seen in both
the aging individual and their family care-givers (Koyanagi et al., 2017).
While the effects of aging are well-known, it is also prominently known that
physical activity (PA) may help mitigate these negative outcomes. For example, PA has
been associated with reduced risk of cardiovascular disease, diabetes, and all-cause
mortality (Helmrich, Ragland, Leung, & Paffenbarger, 1991; Warburton et al., 2006), as
well as improved psychological well-being (McAuley & Rudolph, 1995). Despite this
evidence, older Canadians fall overwhelmingly short on the recommended guidelines for
PA. In fact, only 47.7% of older men and women engage in leisure-time PA (Statistics
Canada, 2014), making them the least active demographic. This is particularly concerning
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as physical activity is one of the determinants of an individual’s mobility level, or their
ability to move about their environment (Webber et al., 2010). Mobility has been positively
associated with both independence and overall quality of life (World Health Organization,
2007; Grow et al., 2013), thus it is important that its relationship with PA is understood.
This discussion of the physical components of mobility would, however, be a
limited without also considering physical capacity as a determinant. Physical capacity (PC)
can be defined as an objective measurement of one’s physical capabilities and is also a
major determining factor of one’s mobility (van Lummel et al., 2015). Unfortunately, PC
is a determinant that has often been overlooked in the literature, and this leads to blind
spots when evaluating PA and mobility patterns of older adults. Without gathering PC data
from participants, in addition to PA data, one cannot be sure as to whether lack of
engagement is due to physical inability or any number of other possible concerns, such as
lack of motivation or willingness to change. Moreover, the investigation of the
interrelationship between PC and PA is limited, both in sample, and in the parameters used
to express PC and PA. Both PC and PA are complex constructs, represented by numerous
variables. Understanding the complex PA/PC relationship will allow for the development
of more effective and individualized interventions to improve PA levels.
Presently, PA interventions are common in the literature. Several studies utilize
goal-setting and feedback as a method of improving motivation to increase PA levels
among older adults. The literature has repeatedly shown that short-term goal-setting
increases motivation and performance (Farhney, Kelley, Dattilo, & Rusch, 2010; Rooney
et al., 2013). Additionally, research indicates a positive effect of feedback on performance
(Kopelman, 1986) by allowing for the development of goals and comparisons. However,
16

as alluded to previously, the current research has a significant limitation, as no results have
been analyzed with respect to PC of participants, meaning the influence of participants’
baseline physical abilities have not been controlled for. Therefore, this study sought to
increase physical activity levels of older adults while also considering the effect of the
intervention in relation to participants’ capacity levels. Only then can one determine
whether low activity levels or lack of improvements in PA are due to functional limitations
or behavioural/motivational concerns.
Another issue which must be addressed is the lack of a standardized method to score
and classify participants based on their PA and PC levels. The development of such a
system would allow for the creation of more effective/ individualized interventions. For
example, low levels of PC paired with low levels of PA would suggest medical issues and
the need for health-related interventions. Alternatively, high PC levels and low PA levels
would indicate that a behavioral or motivational intervention is required. Presently, only
two known studies have derived a scoring system for PC (Kasper et al., 2017; Koolen et
al., 2019), but its novelty only supports the need for further work in this area as it has yet
to be replicated, standardized, or assessed. Additionally, the same type of overall rating
must be developed for PA as well; however, both PC and PA are complex concepts,
consisting of numerous possible components, each of which may contribute differently to
the overall score. The results from this study will aid in the future development of such a
system. In the meantime, the results provided insight on the most influential variables to
use.
In recent years, sophisticated technologies have been developed that allow for more
standardized and efficient measuring of PC. Devices, such as the McRoberts MoveTest
17

wireless sensor (McRoberts, The Hague, The Netherlands), provide easy and repeatable
measures of common physical function tests (e.g., Timed Up and Go and Sit to Stand).
McRoberts has also developed a counterpart to the MoveTest, the MoveMonitor
(McRoberts, The Hague, The Netherlands), which provides a detailed summary of physical
activity and movement in daily living. In this context, physical activity is defined by
numerous variables, including, but not limited to: step count, active time, movement
intensity, energy expenditure, and sitting time. Combined, these two sensors provide a full
picture of one’s capabilities and actual behavior and provides much more objective data
than commonly-used self-report measures. Additionally, they allow for the unique
opportunity to observe participants in a standardized laboratory setting as well as in their
daily lives. This allows one to make the comparison between ability and behavior that will
lead to the aforementioned goal of proper intervention development. As such, this study
used these two devices (the McRoberts MoveTest and the McRoberts MoveMonitor) to
gather physical capacity and physical activity data of our participants.

18

Objectives:
(1) The primary purpose of this study was to identify the optimum variables to express
the interrelationship between physical capacity and physical activity of communitydwelling older adults (65+) using McRoberts wireless mobility sensors during
activities of daily living. This analysis was completed using a pre-existing database
along with additionally-recruited participants obtained from objective two.
(2) The secondary purpose of this study was to investigate the impact of goals and
weekly performance feedback on physical activity and sedentary behaviours of
community-dwelling older adults (65+ years of age) using McRoberts wireless
mobility sensors during activities of daily-living. The goal-setting was applied to
three variables selected prior to the intervention (step count, sitting time, and active
time), but the results from objective one also served to inform on other physical
activity and sedentary outcomes for evaluation. Physical activity and sedentary
behavior were measured over a 3-week period, using the McRoberts MoveMonitor
wireless mobility sensor, and all results were examined to determine whether
physical capacity, as measured by McRoberts MoveTest wireless mobility sensor,
was a significant predictor of change within the intervention.
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Hypotheses:
(1) It was hypothesized that there would be a relationship between physical capacity
and physical activity of community-dwelling older adults.
(2a) It was hypothesized that the sample would significantly increase their physical
activity, as measured by step count, active time, and other variables as determined
by objective one, following the three-week goal-setting intervention.
(2b) It was hypothesized that the sample would significantly decrease their sedentary
behaviour, as measured by sitting time and other variables as determined by
objective one, following the three-week goal-setting intervention.
(2c) It was hypothesized that physical capacity would be a significant predictor of all
changes in physical activity and sedentary behaviours across the three-week goalsetting intervention.
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2. Literature Review
2.1 Aging
Aging is a complex process consisting of several factors: 1) increased risk of mortality
(Medawar, 1952), 2) physiological changes that lead to functional decline (Lopex-Otin et
al., 2013; Partridge & Mangel, 1999), and 3) increased susceptibility to disease (Comfort,
1964). As mentioned previously, older adults currently make up 17% of the Canadian
population (Statistics Canada, 2019). It is expected that seniors over the age of 65 will
account for 28 percent of the population by 2061 (Canadian Medical Association, 2016).
It is anticipated that Atlantic Canada will house the highest median ages by 2036
(Statistics Canada, 2015). More specifically, it is expected that older adults will account
for 50.7 thousand out of an anticipated 873 thousand New Brunswickers by the year 2036.
The province’s current life expectancy is 82 years, and the government anticipates the New
Brunswick will age faster than the rest of Canada for the next foreseeable future (Premier’s
Panel on Seniors, 2012).
The rate of aging in New Brunswick is being accelerated by a number of factors
(Premier’s Panel on Seniors, 2012, Statistics Canada, 2019). First of all, the eldest of the
baby boomer generation (those born between 1947 and 1966) turned 65 in 2011. Secondly,
New Brunswick, and Canada in general, has experienced a declining birth rate since the
entry of woman into the work force in the 1960s. Third, New Brunswick has been
experiencing the outmigration of educated youth for the past three decades. Finally, life
expectancies are increasing; in fact, those over the age of 85 are the fastest growing
demographic.
21

2.2 Impact of Aging
Aging impacts society at both systemic and individual levels. As previously mentioned,
aging is considered a modest driver of our increasing healthcare costs (State of Seniors
Health-care in Canada, 2016), and Canada’s health care system is not equipped to deal with
the associated challenges of our aging population. In fact, older adults may incur healthcare/medical costs anywhere from $6000 to $21 000 per person per year, depending on age
(refer to Table 2.2). The province of New Brunswick is spending approximately 1.3 billion
dollars per year on those over the age of 65 (Canadian Institute for Health Information
[CIHI], 2018). Assuming consistent cost and population growth of 1% per year, aging will
add 2 billion dollars to Canadian health spending every year (CIHI, 2018; State of Seniors
Health-care in Canada, 2016). Furthermore, it is estimated that health care spending is 2.5
to 5 times higher for those 65 years of age and older, as opposed to younger individuals
(CIHI, 2018; Palacios, 2002).
Table 2.2 1
Health-care spending per person per year in Canada, as reported by State of Seniors
Health-Care in Canada (2016).
Age (years)
Average Cost per Person per Year
65 – 69
$6298
70 – 74
$8384
75 – 79
$11 557
80 +
$20 917
In addition to its economic impact, aging, or more accurately its associated decline in
health and mobility, has a significant effect on individuals as well. For example, the World
Health Organization (2017) indicates that approximately 15% of older adults experience
symptoms of mental illness, with depression and anxiety being the most common. These
22

high rates may be due to stressors such as reduced mobility, frailty, and chronic
pain/illness. In fact, those living with a chronic illness are twice as likely (as compared to
the general population) to experience symptoms of depression and anxiety (Canadian
Mental Health Association, 2008). Moreover, the spike in the aging demographic calls for
increased need for caregivers as well. Family and friends often become unofficial
caregivers of older adults and may experience a reduction in their quality of life as well.
Koyanagi and colleagues (2017) reported that the psychological health of informal
caregivers was negatively affected by a series of factors, including, but not limited to:
restrictions on personal life, economic loss, and stressful caregiving tasks. Sleep
disturbances are commonly reported as well (Koyanagi et al., 2017). Additionally,
Statistics Canada (as cited in Canadian Medical Association, 2016) found that
approximately 60 percent of these familial caregivers are balancing their caregiving duties
with paid work and that 29 percent reported strain with other family members as a result
of these duties. Combined, these repercussions point to the significant impact aging may
have on those affected at all levels.
2.3 Successful Aging
Presently, only 35% of the Canadian population are considered "successful agers"
(Meng & D'Arcy, 2014). This term, defined by Rowe and Khan (1997), entails three
criteria: (1) low probability of disease and disease-related disability, (2) high cognitive and
physical functional capacity, and (3) active engagement in life. While there is no one
universally agreed upon definition, theirs is considered by many to be the gold standard
and is most commonly used (Baker, Meisner, Logan, Kungl, & Weird, 2009; Gammon,
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2016; Liffiton, Horton, Baker, & Weir, 2012). Based on this information, it is clear that a
large percentage of our aging population presents with impairments, leading them to be
considered unsuccessful agers.
There is a significant inverse relationship between age and successful aging, in that as
age increases, the odds of being classified as a successful ager (SA) decreases (Baker et
al., 2009). This is simply due to the fact that as we age we see increased rates of disease
and disability. For example, the odds of successful aging for those who are young-old (i.e.,
65-74 years) is 36% higher than those who are old (75-84 years) and 67% higher than oldold (85+ years) individuals (Meng & D’Arcy, 2014). Similarly, Baker and colleagues
(2009) found that younger participants (e.g., aged 65 – 69), were 2.33 times more likely to
age successfully than the oldest group (80+ years); However, it is unclear whether all other
factors (e.g., sex, socioeconomic status) were controlled for during this analysis.
“Moderately successful agers” is also a term that has been used to describe individuals
who meet some, but not all, of Rowe and Khan’s (1997) criteria of successful aging. By
this definition, approximately 11% of those 60 years and older are considered to be SA,
while roughly 77% of the population is moderately successful (Baker et al., 2009). This
leaves only approximately 11% of the population classified as an unsuccessful ager (Baker
et al., 2009), a number which is significantly lower than that reported by Meng and D’Arcy
(2014). Similarly, Gammons (2016) reported that based on Rowe and Khans perspective,
approximately 16% of individuals 60 years and older are aging successfully, while 81%
were moderately successful agers. This demonstrates a slight increase from the earlier
research. It has been argued that viewing successful aging on this continuum is the best
approach, as meeting all three requirements, particularly total absence of physical
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impairment or disease, is highly unlikely (Gammons, 2016). However, while aging
moderately successfully is favourable to aging unsuccessfully, there is still room for
improvement.
Gender differences in relation to successful aging have been explored, but results are
variable, at best. Bosnes and colleagues (2017) reported that women were more likely to
be successful agers (Odds Ratio = 2.38) as compared to men; however, other work has
reported that males are actually 1.42 times more likely than females to become a SA (Baker
et al., 2009). Alternatively, Meng and D’Arcy reported no significant gender differences
(p = .407) in successful aging from their data (2014). There are several reasons why sex
differences may or may not exist. For example, it is well established that though women
live longer than men, they are more likely to report health problems and seek medical
attention (Meng & D’Arcy, 2014). This could have one of two possible effects. First,
greater reporting of medical issues may lead to less women being classified as successful
agers as they would fail to meet the first requirement. Alternatively, perhaps as they are
seeking medical attention, their health issues are remedied or controlled, thus actually
increasing their likelihood of becoming a successful ager. Another explanation of sexdifferences, or lack-thereof, is that although men have lower life-expectancy and higher
rates of chronic diseases, perhaps they significantly differ from women in other variables
used to measure SA (e.g., active engagement or functionality) (Baker et al., 2009). Yet
another reason may be the operational definitions used for the “disease and disability”
component of successful aging. The absence of disease addresses only major causes of
death such as cancer and heart disease. As heart disease is less common among women,
they may more often satisfy this criterion, while conditions more prevalent among women
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(e.g., arthritis) are neglected by this definition (Bosnes et al., 2017). Of course, differences
in samples must be considered as well.
It is of great interest to determine how one can increase their likelihood of aging
successfully as this label would indicate lack of disease and decline. There are several
factors found to have an influence on this, including, but not limited to: being younger,
better perceived health, satisfaction with life, and being physically active (Meng & D’Arcy,
2014; Baker et al., 2009). It is the latter that was of particular interest to the current
investigation as engagement in physical activity is a modifiable factor that can be improved
upon through intervention. In fact, Baker and colleagues (2009) reported that those who
were physically active were 2.26 times more likely (than those who were sedentary) to age
successfully, and those who were somewhat active were 1.60 times more likely. This
positive effect of physical activity on successful aging is strongly supported in other
literature as well (Bosnes et al., 2017; Gammons, 2016; Meng & D’Arcy, 2014).
2.4 Mobility of Older Adults
Mobility is defined as one’s ability to move (either independently, using assistive
devices, or transportation) within community environments that range from one’s home to
the neighbourhood and regions beyond (Webber et al., 2010). It includes both extrinsic
factors (e.g., physical environments or transportation infrastructure) and intrinsic factors
(e.g., fear of falling or physical impairments) (CIHR, 2014). Research indicates that
approximately one third to one half of individuals 65 years of age or older report difficulties
related to mobility (Shumway-Cook, Ciol, Yorkston, Hoffman, & Chan, 2005; Statistics
Canada, 2007). Furthermore, as the baby-boomer generation ages over the next four
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decades, the number of Canadians living with mobility impairments will grow
exponentially (CIHR, 2014).
2.4.1 Declines in mobility.
Mobility is crucial to successful aging and the maintenance of independence
(Webber, Porter, & Menec, 2010; World Health Organization [WHO], 2007), and because
of this, it is a key indicator of quality of life ([QoL] Grow et al., 2013; Webber, Porter, &
Menec, 2010). As such, research is beginning to focus on the determining factors of
mobility so that it may be maintained and improved upon as individuals age. Unfortunately,
as previously mentioned, a large percentage of older adults experience declines in mobility.
These declines may be sudden, usually due to a traumatic event, or it may be slowprogressing, typically because of failing health (Guralnik, Ferrucci, Balfour, Volpato, &
Di Iorio, 2001).
Declines in mobility have many associated negative repercussions. For example,
limited mobility has the power to inhibit social engagement and lead to social isolation
(Avlund, Lund, & Holstein, 2004; Mendes de Leon, Glass, & Berkman, 2003; Robins et
al., 2018), an important consequence as social engagement is one of the key factors of
successful aging (Rowe & Kahn, 1997). More specifically, Rosso, Taylor, Tabb, &
Michael (2013) reported that all forms of social engagement (excluding visits to senior
centres) are affected by mobility level. Of course, those with higher mobility maintain
higher social engagement. These results are consistent regardless of whether social
activities were occurring within or outside the home.
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As mentioned above, mobility is a key indicator of quality of life, thus declines in
mobility are paralleled by declines in QoL, a statement that is supported by much research.
For example, a 2016 study by Rantakokko and colleagues conducted a 2-year follow-up on
community dwelling older adults (aged 75 – 90) and found that declines in mobility were
associated with decreases in QoL among participants, even after controlling for several
confounders. The relationship between mobility and QoL is complex but is likely due to
the fact that mobility affects participation in physical and social activities, thus resulting in
poor health and insufficient social interaction (Gilmour, 2012; Balboa-Artalejo et al.,
2011). The strong tie between mobility and QoL appears to remain consistent across
several different sub-populations, including, but not limited to: those who have experienced
falls (Davis et al., 2015), those with diabetes (van Schie, 2008), and those who have
experienced a stroke (Cohen et al., 2018). Due to the strong relationship between mobility
and QoL, it is important that all aspects of mobility are researched and well-understood so
that maintenance and/or improvements can be properly addressed.
2.4.2 Determinants of mobility.
Mobility is a complex concept that encompasses five categories of determinants:
cognitive, psychosocial, environmental, financial, and physical (Webber, Porter, & Menec,
2010). The latter is composed of two more sub-domains – physical activity and physical
capacity – which, as previously mentioned, are related but still interdependent. It is these
two sub-domains that were of interest to the present investigation.
2.4.2a. Mobility and physical capacity. The ability of older adults to carry-out basic
activities of daily living (ADLs) is imperative to independence (Walter-Ginzburg et al.,
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2001) and is known as physical performance, physical fitness, or, as it will be referred to
from here on out, physical capacity (PC) (van Lummel et al., 2015). PC is a laboratorybased measurement of one’s capabilities and has been recognized as one of the crucial links
between impairment and task limitation (Kasper et al., 2017).
PC is a significant underlying factor of one’s mobility (van Lummel et al., 2015).
However, having the capacity to perform mobility-related physical activities does not
guarantee that this capacity is actually used (van Lummel et al., 2015). As such, measures
of mobility should focus on distinguishing between what people can do (i.e., capacity) and
what people actually do (Webber, Porter, & Menec, 2010).
Physiologically, PC is influenced by multiple systems, including cardiopulmonary,
vestibular, and muscle strength (Nakano et al., 2014; Distefano et al., 2018), thus, declines
in these systems, as a result of the natural aging process, will reduce capacity (Choudhary,
Walia, & Noohu, 2016). In fact, Nakano and colleagues (2014) evaluated functional
characteristics (e.g., balance and mobility) and found a significant decline in PC appeared
in elderly people in their 80s. This is most likely a result of sarcopenia, the progressive loss
of muscle mass and strength with age (Nakano et al., 2014). Sarcopenia is present in
approximately 13-24 percent of those in their 60s and 70, but this number drastically
increased to 50% for those in their 80s (Makano et al., 2014; Jentoft et al., 2010). This loss
of strength leads to reduced functioning, which, in turn, reduces mobility, since mobility is
heavily influenced by lower-extremity functioning (van Lummel et al., 2015). This
relationship is crucial as maintaining independent mobility while getting older is a key
component of successful aging (Nakano et al., 2014). Therefore, investigating PC in older
adults is necessary to properly understand and prevent this chain of events.
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Since PC is a determinant of mobility, and mobility affects QoL, declines in PC are
usually accompanied by declines in QoL, or more specifically, Health-related QoL
(HRQoL). HRQoL – defined as one’s perceived physical and mental health over time
(Centres for Disease Control and Prevention, 2016) – is an important component of healthy
and successful aging (Davis et al., 2015; Grow et al., 2013). In fact, Davis and colleagues
(2015) reported that scores on common measures of capacity (e.g., Timed Up and Go and
the Short Physical Performance Battery) can predict HRQoL over time in men, and that
baseline scores in women are associated with their baseline HRQoL scores. This
emphasizes the influential relationship capacity has on HRQoL and why it must also be
considered when evaluating mobility.
2.4.2b Mobility and physical activity. The World Health Organization defines
physical activity (PA) as any bodily movement produced by skeletal muscles that requires
energy expenditure (2018). PA encompasses exercise – structured and purposeful activities
– as well as other bodily movements done during work, activities of daily living, and
recreational activities. Mobility and PA are often terms that get used interchangeably, and
although they are strongly interrelated, they are not synonymous. Rather, physical activity
is one of the many components that influences and contributes to mobility.
Research has shown that PA may significantly reduce the initial occurrence of
mobility disability (Pahor et al., 2014; Gill et al., 2017). One of the largest and longest
randomized studies to evaluate effects of PA on older adults is the Lifestyle Interventions
and Independence for Elders (LIFE) Study (Pahor et al., 2014). This study followed 1635
older adults (aged 70 – 89) for an average of 2.6 years. Participants were randomly assigned
to either an education group or a physical activity program. Those in the physical activity
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program participated in aerobic, strengthening, balance, and flexibility exercises for 12 to
18 months, where walking was the primary activity. The education group participated in
regular seminars on health topics such as nutrition. Following completion of the program,
only 30% of those in the PA condition had experienced an incident of mobility disability,
as compared to 35% in the education group. Moreover, there was a significant reduction in
persistent mobility impairment (defined by two consecutive mobility incidents or a
mobility incident followed by death), with only 15% of the PA condition experiencing this,
as compared to 20% of the education group. Additionally, the results of this study were
expanded upon by Gill and colleagues (2017) to show that in addition to reducing onset,
PA can reduce overall amount of time spent with the mobility impairment by as much as
25%. This finding is particularly important as patients indicate that total duration of
disability has a greater influence on QoL than initial occurrence alone (Iezzoni, 2003).
2.4.3 Measuring the physical determinants of mobility.
2.4.3a Measuring physical capacity. Measurements of PC have often relied solely
on self-report but standardized physical performance tests have been developed to measure
capacity (Kasper et al., 2017). The following are some of the tests typically used to assess
the physical capacity of older adults: Sway Test, Timed Up and Go (TUG), Sit-to-Stand
(STS), 6 Minute-Walking Test (6MWT), and the Short Physical Performance Battery
(SPPB). These tests use ADLs such as walking and rising from a chair as a reflection of
strength and speed (Kasper et al., 2017). Refer to section 3.5.1 for further detail on each
test. Technology has also been developed to aid in the objective measurement of such
capacity tests, and research indicates that these objectives measures provide results that are
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more clinically relevant. For example, van Lummel and colleagues (2016) measured Sit to
Stand (STS) among 63 older adult participants (Mage = 83 + 6.5). Both manual and
instrumental measurements were taken. The manual measurements recorded total duration
of STS, while sensors collected total duration and additional data (e.g., acceleration,
angular velocity). Results demonstrated that manually recorded STS times were not
significantly associated with health status or functional status; however, all instrumentrecorded measured were. The added clinical value these instrumental measures provide
points to the need for such devices to be more commonly used during the implementation
of interventions. As such, the present study used a wireless health sensor (the McRoberts
MoveTest) as an objective measure of PC.
2.4.3b Measuring physical activity. Due to the wide spread benefits of PA on
physical and mental health (refer to appendix A for a review of the benefits of PA and the
harmful effects of sedentary behaviour), the measurement of PA has been of interest within
the literature for quite some time. Although self-report measures (e.g., questionnaires,
diaries, interviews) are commonly used to measure PA levels because of their high level of
efficiency, these measures are subject to recall bias and social desirability, thus often
leading to over- or -under-reporting of PA levels (Prince et al., 2008). This is demonstrated
by a systematic review completed by Prince and colleagues (2008) assessing all studies
that compared self-report and direct measures of physical activity. Self-report measures
included the following: diaries/logs, questionnaires, surveys, and recall interviews. Direct
measures consisted of doubly-labelled water (DLW), calorimetry, accelerometry,
pedometers, and heart-rate monitoring. Overall, correlations between self-report and direct
measures ranged from only low to moderate (r = 0.37 + 0.25). Although, no clear pattern
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emerged, self-report measures consistently over- or under-reported as compared to the
direct measures, by measure of percent mean differences. These percent mean differences
varied with each direct measure used. For example, self-report measures were, on average,
higher than accelerometry data, but lower for DLW. Regardless of lack of consistency, this
review points to the need for caution to be used when employing self-report measures.
Furthermore, discrepancies between self-report and direct measurements have been
demonstrated across several populations and methods. The National Health and Nutritional
Examination Survey (NHANES) consists of both self-reported and directly measured (i.e.,
accelerometers) summaries of PA levels. Results from the 2005-2006 NHANES revealed
that although both forms of measurement reported qualitatively similar results, when
comparing the adherence to PA guidelines, accelerometry-measured activity levels were
substantially lower than those from self-report. Self-report measures indicated that
approximately 60 percent of the population aged 60 – 69 and 51 percent of those over the
age of 70 were meeting recommended guidelines; however, accelerometry data indicates
that only 9 – 26 percent of those 60-69 and 6 – 10 percent of those 70 or older actually met
the guidelines. Similarly, an analysis was completed to compare self-report and objective
measures of physical activities in older adults (85+ years of age) (Innerd et al., 2015). The
Physical Activity Questionnaire (PAQ) and accelerometers were used to compare physical
activity intensities. Results indicated that self-report measures were significantly different
when compared to objectively measured low, moderate, and high intensities. While this
research focused on intensity, as opposed to duration, like NHANES, it is still clear that
discrepancies between self-report and objective measures exist.
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While validity of most self-report measurements is considered to be acceptable,
there are many benefits to using objective measures either in addition to or instead of these
subjective questionnaires and logs. For example, more objective measures (e.g.,
calirometry, sensors, physiological markers) increase precision of estimates (Prince et al.,
2008). Other benefits include but are not limited to: non-invasive technique, can be used
in laboratory or field settings, and less susceptible to human error (Ndahimana & Kim,
2017). However, caution should be noted as accelerometers are not designed to measure
non-locomotive-based activities, such as swimming or cycling. However, this may not be
of great concern as some research indicates that less than 5% of older adults reported
participating in cycling (Winters, Sims-Gould, Therrien, & McKay, 2015; US Census
Bureau, 2009) and only one percent of those over the age of 65 reported swimming as a
leisure-time PA (US Census Bureau, 2011). Due to the benefits mentioned above, a
wireless health sensor (the McRoberts MoveMonitor) was used to measure physical
activity and sedentary behavior of older adults in the present study.
2.4.4 Scoring the physical determinants of mobility.
2.4.4a Scoring physical capacity. To date, PC data is typically reported by a few select
variables, for example: ability to complete the sway tests, time taken to complete the TUG
and STSs, distance walked during the 6MWT, and a total SPPB score out of 12, which is
based on the aforementioned criteria. Refer to appendix B for typical older adult
performance data on these tests. While these parameters provide valuable, clinical
information, it is possible that the repeated measurement of these variables without further
investigation has caused other parameters that could provide additional information to be
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overlooked. For example, two participants may have the same SPPB score, but there may
be small differences in other parameters (e.g., sit to stand flexion range) that may prove
useful for discriminatory or predictive purposes. A validated scale that can score
participants on their entire physical capacity has yet to be developed. The first known
approach was completed by Kasper et al (2017). They developed a composite score,
composed of both self-report and objective measures, for community and residential-care
(other than nursing home) older adults (65+). PC was objectively measured using the
following performance-based assessments: balance, usual walking speed, rapid chair
stands, grip strength, and peak air flow. Each measure was rated from 0-4, with 0 being
worst performance and 4 being the best. Self-report measures asked participants to indicate
ability to complete a series of paired tasks (e.g., bending over and kneeling), providing
both a challenging and less challenging option within each pair (e.g., walking 10 stairs vs
walking 20 stairs). Participants would indicate 2 if they could complete the more
challenging, 1 if they could complete the less challenging, and 0 if they could not complete
either. Results from individual tests were then extrapolated from their original scale (e.g.,
0-4) to a scale of 0-100 for comparison. Factor analysis indicated that a combined approach
of self-report and objective measures demonstrate sufficient unidimensionality to be
considered one factor (Kasper et al., 2017). It should be noted, however, that location
parameters for self-report measures indicate that these items are best-used to measure at
the low-end of the physical capacity range (-1.5 and -1.0 SD below the mean). Contrarily,
the physical performance tests provide information across a much broader spectrum (i.e.,
between -3.0 and 3.0 SD). However, their results indicated that this composite score was
best at discriminating between points on the spectrum (i.e., low-level vs high-level) as
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compared to self-report or objective measures alone. This type of scale is novel and should
be further examined, as its validation will be useful to clinicians.
Most recently, Koolen and colleagues (2019) represented PC, along with PA, of
662 elderly patients with COPD using a two-axis quadrant. Rather than using a scale
system, like Kasper et al (2017), participants were placed into one of four categories: “cando, do-do”, “can-do, don’t-do”, “can’t-do, do-do”, and “can’t-do, don’t-do.” “Can-do” and
“can’t-do” represented capacity, dividing participants into high or low, based on their
6MWT distance. Participants were placed into the “can’t-do” category if their 6MWT
distance was < 70% of their expected value. As the 6MWT is a self-paced test, it allows
participants of all abilities to be included, regardless of exercise tolerance (Koolen et al.,
2019). The threshold for capacity was derived specifically for this study, however. They
selected an arbitrary, but statistically reasonable threshold of two standard deviations
below the control group mean. One standard deviation was equivalent to 15% of the
predicted value, thus two standard deviations equates to -30%. (100 – 30 = 70% of
predicted 6MW distance). As this is a novel approach, it must be validated and replicated
before being considered standard practice. Additionally, as tens of variables can be
recorded to contribute to PC measures, it seems ignorant to select only 6MWT distance as
other variables may be better indicators of overall PC. It is for these purposes, to expand
on the research conducted by Koolen et al. (2019), that all variables contributing to PC
were initially considered in the present research.
2.4.4b Scoring physical activity. As mentioned above, Koolen and colleagues
(2019) used a two-axis quadrant to place older adult participants with COPD in one of four
categories: “can-do, do-do”, “can-do, don’t-do”, “can’t-do, do-do”, and “can’t-do, don’t36

do.” “Do-do” and “don’t-do” indicated activity level as high or low, based on their step
count. While this quadrant system is an appropriate approach for classifying participants,
as one can determine discrepancies between physical ability and actual activity, their scale
is limited to only two variables. Participants were placed into the “don’t-do” category if
they took fewer than 5000 steps per day, on average. Using < 5000 steps per day to define
a sedentary life-style has been validated within the COPD population and aids in the
communication between researchers and the general public (Koolen et al., 2019). Again,
as discussed previously, this approach has not yet been validated or replication.
Additionally, much like with capacity, tens of variables can be recorded to contribute to
measures of PA, and it seems unwise to rely on only step count without further evaluation.
As such, the present research initially considered all PA variables retained from the
wireless health sensors in order to expand upon the work completed by Koolen and
colleagues (2019).
2.4.5 Improving the physical determinants of mobility.
2.4.5a Improving physical capacity. Due to the decline in PC that is seen with age,
there is a need for interventions improve PC amongst older adults. It is thought that PA
programs may be able to alter one’s trajectory in functional decline (Manini & Pahor, 2009;
refer to Figure 2.1). As such, several studies have investigated the impact of PA
interventions (e.g., resistance and endurance exercises) on PC measures (LIFE study
investigators, 2006).
Perhaps most notable is the Lifestyle Interventions and Independence for Elders Pilot
(LIFE-P) Study (2006). This study looked at older adults (N = 213, Mage= 76.8+4.2) who
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engaged in a sedentary lifestyle and reported SPPB scores < 9. They implemented a 3phase PA intervention (adoption, transition, and maintenance) consisting of aerobic,
strength, balance, and flexibility exercises, with a goal of reaching 150 minutes of MVPA
per week. Results indicated that the PA intervention significantly increased average SPPB
scores from 7.5 to 8.7 at the one-year follow-up. Moreover, these beneficial effects were
relatively uniform across all subgroups (e.g., age, gender, and baseline physical
performance).

Figure 2.4.5. Increasing age and disease plotted against physical functioning decline as
influenced by the beginning of a physical activity program (Manini & Pahor, 2009).
Similarly, Nelson and colleagues (2004) demonstrated the effectiveness of a 6-month
PA program with an emphasis on strength and balance. They recruited 70 community38

dwelling older adults (>70 years old) to complete a series of exercises three times a week.
Participants were also instructed to engage in at least 120 minutes of MVPA each week.
Results demonstrated a significant improvement in physical function (as measured by the
SPPB) of 26.2 + 37.5%. Furthermore, improvements were seen in one-legged stand times
(p = .007), and researchers also observed a trend towards improvement in maximal gait
speed. These results provide further support for the positive effect of PA on PC.
While these studies provide important information regarding the influence of PA on
PC, they share a similar limitation: they do not investigate the inverse relationship (i.e., the
influence of PC on PA). These studies collected both types of data (capacity and activity)
but further exploration on the relationship between PC and PA was not conducted. In fact,
PA variables were not even considered among outcome measures creating a one-sided
investigation, further supporting the need for the current proposed research.
2.4.5b Improving physical activity. The Canadian Society for Exercise Physiology
(CSEP) recommends that all adults 65 years of age and older participate in at least 150
minutes of MVPA, two days of muscle and bone strengthening exercises, and balance
exercises when needed, each week to improve functional abilities (CSEP, 2016). Stated
alternatively, health professionals recommend an expenditure of at least 1000kcal per
week, with added benefits accompanying greater volumes (Warburton, Nicol, & Bredin,
2006). However, as previously mentioned, older Canadians (65+) are the least active age
demographic, with only 47.7% of men and women engaging in physical activity during
their leisure time (Statistics Canada, 2014). Although this is an increase from the 41.9%
reported in 2010, this is still unacceptable, as studies utilizing objective measures such as
pedometers and accelerometers, report that fewer than 20% of older Canadians are reaching
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the recommended guidelines (Colley et al., 2001; Sayah, Johnson, & Vallance, 2016). For
example, Colley and colleagues (2001) used accelerometers to measure time spent in
sedentary, light, moderate, and vigorous activity, as well as steps per day, of community
dwelling adults from the ages of 20 to 79. Those in the oldest age bracket (Mage = 67.3) had
significantly fewer steps (7000-7900) than the average (8400 – 9500). Additionally, they
spent significantly more time sedentary (594 – 602 minutes), and only 13.1% of this
population achieved more than 150 minutes of MVPA. Fox and Davis (2006) later reported
even lower levels, as their accelerometer-based study demonstrated that nearly half of older
adults (> 70 years) did not engage in any 10-minute bouts of MVPA, thus none met PA
recommendations. Furthermore, Sayah, Johnson, and Vallance (2016) more recently
reported similar results, based on three days of pedometer data. Once again, participants
were community-dwelling older adults (Mage = 66.4), and only 18.6% of the sample reached
guidelines, and participants averaged even fewer steps than Colley and colleagues reported
(M = 5163 + 3539). This research indicates that as the population ages, their participation
in PA and exercise declines.
Knowing the importance of PA, and how few older adults reach the recommended
guidelines, a focus has been placed on finding effective methods to improve physical
activity levels within this population. A well-explored approach of increasing PA, by
means of step-count, is pedometer-based interventions - an appropriate choice as walking
is not limited by socioeconomic status, geography, or age and is the most preferred activity
of older adults (Sayah, Johnson, & Vallance, 2016). Bravata and colleagues (2007)
conducted a systematic review on 26 studies and found that, on average, pedometer wearers
increased their physical activity by 27%. This meant that participants in randomized
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controlled trials increased their daily-step count by 2491 steps, while those in observational
studies increased by a total of 2831 steps (Bravata et al., 2007). Kang and colleagues (2009)
completed a similar review of the literature, and found that pedometers, on average, yielded
a moderate and positive effect size (ES) of 0.68 (95% CI = 0.55, 0.81), indicating that
pedometers are a useful tool to increase PA participation. More importantly, the effects
remain moderate to high for older adults (ES = 0.53) and interventions that lasted shorter
than 8 weeks (ES = 0.68). Based off these reviews, the benefits of pedometer-based
interventions are apparent and repeatable across literature.
While effectiveness of pedometer-based interventions is known and supported,
these interventions often involve a complex goal-setting/feedback relationship paired with
psychological motivators that is difficult to piece apart. For example, many participants
cite the pedometer itself as the source of their incentive and motivation (Jones, Richeson,
Croteau, & Farmer, 2009). Pedometers provide the unique opportunity for immediate
feedback and self-monitoring, which allows for the development of short-term goals.
However, the question remains what effects feedback and goal-setting have independent
from the pedometer itself. Knowing the effect separate from the pedometer-provided
feedback is useful so that they may be applied to devices that track physical activity in a
more thorough manner (i.e., provide additional measures [e.g., movement intensity,
shuffling time, gait speed, etc…] along with step-count), but do not allow for selfmonitoring (such as McRobert’s MoveMonitor).
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2.4.6 Relationship between physical determinants of mobility.
As several studies support the positive impact of PA on PC, it appears that there is
strong relationship between the two. Research indicates that older adults who spend less
time engaging in MVPA, or more time engaging in sedentary behaviours, have overall
lower functional fitness (Santos et al., 2012). Correspondingly, Brach and colleagues
(2004) report that older adults (M age = 73.6) who were classified as “exercisers” (1000
k/cal of exercise or more per week) had better PC (e.g., took the least amount of time to
complete a 400-m walk) as compared to those who were deemed “inactive” (<1000 kcal/wk
of exercise and <2710 kcal/wk of physical activity). Additionally, the aforementioned
LIFE-P study (2006) was able to improve PC, as measured by SPPB scores, using a PA
intervention. These findings have been supported by more recent research, such as that
done by Edholm, Nilsson, and Kadi (2018) who investigated current and past PA levels of
community-dwelling older women. They reported that those engaging in greater amounts
of MVPA had higher physical functioning, as measured by the 6MW, single-leg stand, and
squat jump. Moreover, their results demonstrated the amount of sport-related activities
one does prior to retirement age had a significant impact on participant’s current physical
functioning, even after adjusting for current PA levels. However, incongruencies between
studies still remain, as some studies have failed to report these effects across both sexes
(Manini, Everhart, & Patel, 2009; Daly, Ahlborg, & Ringsberg, 2008). Additionally, not
all components of capacity appear to be affected by regular PA. For example, a longitudinal
study investigating older men and women did not find a direct link between leg strength
and changes in PA (Hughes, Frontera, & Wood, 2001). Moreover, the optimal duration and
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intensity of PA required to receive any benefits remains under debate (Edhold, Nilsson, &
Kadi, 2018) and the impact of life-long PA requires further investigation.
These aforementioned limitations may be explained as the literature suggests that PC
and PA are related, but still separate, domains (van Lummel et al., 2015). PC is
representative of one’s best physical ability, as opposed to typical behavior (Brodie et al.,
2016), thus one cannot infer that improvements in PC will lead to improvements in PA as
well (van Lummel et al., 2015). At best, PC moderately correlates with daily PA, meaning
that just because someone has high PC does not mean they will have high PA (van Lummel
et al., 2015). However, due to results of the majority of previous research, it is hypothesized
that there will be a significant relationship between capacity and activity.
Due to this complicated PC/PA relationship, it is important that interventions do not
solely focus on improving PC but on increasing PA as well. The norm among the literature
appears to be testing for improvement in PA, but baseline capacity is not provided as a
means for comparison; however, without knowing an individual’s baseline ability, one can
never sure whether that individual is performing at their maximum capabilities. This means
that reported baseline levels of PA are not fully understood, and if an intervention is
deemed ineffective, it is not clear as to whether it was due to issues with the intervention
itself or because the participant cannot do more physically. PC data can also highlight those
who have high activity and high capacity and, thus, have little room for improvement.
Because of the confusion, more studies seeking to improve PA levels should begin
reporting PC levels as well, particularly within the aging population, as there is an expected
decline in capacity among this demographic. For this reason, the present study sought to
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improve PA and reduce sedentary behavior of older adults and determined whether PC was
a significant predictor of these changes.
2.5 Self-Determination Theory (SDT)
Self-Determination Theory (SDT), originally proposed by Deci and Ryan (1985),
is a theory concerning our intrinsic tendencies to behave in effective and healthy ways
(“Self Determination Theory” n.d.). SDT assumes that human motivation and
psychological well-being are associated with the satisfaction of three basic psychological
needs: self-determination, competence, and relatedness (Deci, 1992). They propose four
different motives for engaging in social behaviours: external regulation (e.g. ‘I do x
because others say I should’), introjection (e.g. ‘I do x because I feel bad about myself if I
do not’), identification (e.g. ‘I do x because I personally value the activity’), and intrinsic
motivation (e.g. ‘I do x because it is enjoyable’) (Chatzisarantis, Hagger, & Karageorghis,
2002). The first two (external regulation and introjection) are reliant on extrinsic
motivation and indicate control, as motivation is regulated by guilt/shame or
pressure/reward from others (Chatzisarantis, Hagger, & Karageorghis, 2002). This type of
motivation may encourage short-term behaviour but does not lend itself to maintenance
(Teixeira et al., 2012). Comparatively, the latter two (identification and intrinsic
motivation) indicate intrinsic motivation and autonomous behaviours, regulated by
personal interest and values (Chatzisarantis, Hagger, & Karageorghis, 2002). It is believed
that situations that support a more autonomous or self-determining environment will lead
to more enjoyment and continuation of task (Chatzisarantis, Hagger, & Karageorghis,
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2002). This belief is reinforced by the Cognitive Evaluation Theory (CET) one of the six
principles that make up the SDT.
CET focuses on only one of the four motives suggested by SDT: intrinsic
motivation. CET supports intrinsic motivation as being controlled by competence and
autonomy (“Self Determination Theory” n.d.). It suggests that any event which may affect
these factors can also affect one’s intrinsic motivation (Deci & Ryan, 1985). CET supposes
that every event has two functional components: controlling and informational (Deci &
Ryan, 1985). If an event, reward, or feedback is viewed as controlling, people perceive
lower autonomy and, thus have lower self-determination/intrinsic motivation (Ryan,
Vallerand, & Deci, 1984). Similarly, if the reward, or feedback is viewed as negative,
people assume incompetence and experience a decrease in intrinsic motivation (Ryan,
Vallerand, & Deci, 1984). However, the opposite is also true, in that increases in perception
of competence will increase intrinsic motivation. This perceived competence may result
from either intuitive appraisal (i.e., judgements on personal performance) or reflective
judgement (causal attributions) (Ryan, Vallerand, & Deci, 1984).
It is clear that, when provided, feedback should be positive or success-focused to
optimize perceived competence, thus increasing intrinsic motivation to complete said task.
Additionally, this feedback should be provided in person, as Knittle et al., (2018) found
that face-to-face interventions are best at increasing intrinsic motivation. However, it is
important to recognize that positive feedback may still be viewed as controlling, as it may
emphasize how one should perform (Ryan, Vallerand, & Deci, 1984).
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2.5.1 Self-Determination Theory/Motivation and physical activity.
Within the realm of physical activity, extrinsic (e.g., improve appearance) and
intrinsic (e.g., to better oneself) goals can easily be distinguished. Intrinsic motivations are
thought to closely relate to the fulfillment of the basic psychological needs that SDT
addresses and research strongly supports a positive influence of these intrinsic motivations
on the sustainability of behavior change (Teixeira et al., 2012; (Knittle, De Gucht,
Hurkmans, Vlieland, & Maes, 2016). Unfortunately, a large number of individuals are
motivated, instead, by externally-driven goals, which research suggests are best for shortterm, as opposed to long-term change (Teixeira et al., 2012). Research supports this strong
effect of motivational antecedents on health behaviours. For example, Chatzisarantis and
colleagues (2002) report that individuals are more likely to contemplate engaging in
physical activity and focus on the positive aspects when motives are intrinsically-based.
Furthermore, a systematic review demonstrated that intrinsic motives are positively
associated with exercise behaviours (Teixeira et al., 2012). For this reason, feedback/goalsetting interventions should focus on increasing intrinsic motivation through the promotion
of an autonomous environment and self-accomplishment/competence.
2.6 The Effect of Goal-setting/ Feedback on Motivation
It is well-accepted that goal-setting and feedback have an interdependent
relationship (Stretcher et al., 1995). Without providing goal-related feedback, the purpose
of goal-setting is defeated, and inversely, feedback on its own appears to have no influence
on performance (Stretcher et al., 1995). Therefore, it is essential for goal-setting and
feedback to be provided simultaneously to achieve the complementary effect.
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A central belief of goal-setting is that, for many tasks, the combination of setting
specific goals and providing performance feedback leads to higher performance, as
compared to no goal or vague goals (Stretcher et al., 1995). Locke and Latham (1990),
propose three mechanisms of change by which goals positively impacts performance: (1)
effort, (2) persistence, and (3) concentration. Goal-setting causes individuals to try harder,
for a longer period of time, and with less distraction (Locke & Latham, 1990). This
relationship is believed to intensify as goal difficulty increases, creating a linear goaldifficulty performance relationship. In other words, performance will improve along with
increasing difficulty. Furthermore, it is believed that failure to achieve said goals leads to
dissatisfaction, and consequently, the individual will put forth greater effort in their next
attempt (Strecher et al., 1995). The reason for this being that goal-setting creates conditions
for self-satisfaction which will not be met until performance meets internal standards
(Strecher et al., 1995). It is also important to note that empirical evidence suggests that
there are virtually no differences in goal commitment or performance regardless of whether
the goal is assigned, set participatively, or self-set (Stretcher et al., 1995; McEwan et al.,
2016); however, some research indicates larger effect sizes for self-selected goals
(McEwan et al., 2016).
In general, feedback is provided to participants as a manner of increasing motivation
to increase one’s performance. Increasing motivation is crucial to health behavior change
interventions as it is a proximal determinant of behavior (Knittle et al., 2018). Research
indicates a positive effect of feedback (Kopelman, 1986), as participants often set personal
improvement goals in response to information about their past performance (Latham &
Locke, 1991). As participants in this study will be provided information on a regular (i.e.,
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weekly) basis, they will be able to compare their performance from one week to next – a
crucial component as goal-setting is the mediator of feedback’s positive effect on
performance (Latham & Locke, 1991; Earley, Northcraft, Lee, & Liuchy, 1990).
More specifically, research indicates that positive feedback, even in the absence of any
reward, will increase intrinsic motivation (Abbas & North, 2018; Anderson et al., 1976;
Deci, 1972), which is in line with SDT. This is supported by researchers such as
Harackiewicz (1979) and Abbas and North (2018) who found that participants receiving
positive feedback, in the absence of reward, experienced enhanced intrinsic motivation.
Furthermore, Normand (2008) conducted a study to increase step-count of healthy adults
using a combined approach of self-monitoring, goal-setting, and feedback, and participants
qualitatively reported that the feedback helped them increase their PA levels (i.e., take
more steps per day).
2.6.1 Goal-Setting and physical activity.
Understanding the impact of goal-setting on physical activity is crucial as it is a
low-cost behavioral intervention that can be used across a variety of socioeconomic
backgrounds, activity levels, and health statuses to encourage an active and healthy life
style. There is ample evidence from experimental studies to support that goal-setting and
motivation are essential mechanisms to promoting and sustaining health behavior change
(Lachman, Neupert, & Agrigoroaei, 2011; McAuley et al., 2011).
Goal-setting has been found to increase time spent engaging in MVPA of healthy
older adults. For example, Jennings and colleagues (2018) had participants set goals for
the number and duration of sessions of MVPA per week. At baseline, average time spent
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engaging in MVPA each week was 14.59 minutes, but following the selection of goals, at
the six-month follow-up this average increased to 140.52 min/week. They also reported
that 61.6% of the sample were successful in reaching their goal.
The positive effects of goal-setting are seen for more specific activities as well,
such as walking. For example, one study evaluated the effect of setting specific,
measurable, and realistic goals to increase physical activity among older adults with
osteoarthritis (OA), as measured by step count (Farhney, Kelley, Dattilo, & Rusch, 2010).
While the sample size was small (N = 4), all participants succeeded in increasing their stepcount throughout the intervention. Observed increases ranged from 5-10%. These results
are consistent with that of Talbot et al. (2003), who demonstrated that setting a goal (to
increase step count to 30% above baseline) resulted in a significant increase (+23%) in
daily step-count among community-dwelling older adults with OA. Furthermore, more
generally, Rooney and colleagues (2003) reported that participants who set goals were
more likely to increase the number of days they exercised from pre- to post-intervention
and reported increased energy, lost weight, and had less stress than those who did not set
goals. Additionally, the goal-setting group saw a nearly 20% decrease in number of
participants who were classified as sedentary, as opposed to only a 4% decrease in the nongoal-setting group. This is in line with previous literature, which suggests goal-setting can
be used to reduce sitting time/sedentary time as well. For example, Lewis and colleagues
(2016) demonstrated that goal-setting, paired with the provision of normative data, may
reduce sedentary time among ambulatory older adults (60+) by an average of 51 minutes.
Their results support previous work done in this field (Gardiner et al., 2001; Rosenberg et
al., 2015; Fitzsimons et al., 2013).
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McEwan and colleagues (2016) conducted a comprehensive systematic review and
meta-analysis to investigate the effectiveness of goal-setting interventions on physical
activity behavior. Their results demonstrated that positive significant effects were seen
regardless of length of intervention, age of participants, who assigned the goal (i.e., selfselected or chosen) and whether the goal was absolute or relative. It is also important to
note that no significant differences appeared between studies that did or did not include
plans for attaining the goal or rewards for reaching said goals.
2.7 Intervention
In order to address the second objective, a goal-setting intervention was designed
and implemented so that the results could be analyzed with respect to physical capacity.
The intervention was two-weeks long in addition to the week-long baseline data collection
that all participants underwent. It consisted of participants setting goals and then receiving
feedback on their performance, on select variables, that they tried to reach over those two
weeks. This intervention created a sub-sample, which will later be referred to as Sample B.
Both the goals and the feedback provided information on the following three
variables:

step-count,

sitting

time,

and

active

time.

Participants

received

“recommendations” or “guidelines” from the researcher for goals, but ultimately got to
choose one of two options, whichever they felt was most acceptable for them. The
guidelines were consistent across participants (with the exception discussed below [Section
2.10b]), yet personalized as they were regarded in the context of their baseline values. Stepcount, sitting time, and active time were chosen for several reasons, but above all else, it is
believed that these variables may be easily comprehended by participants. More complex
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variables, such as Physical Activity Level (PAL), which involves an understanding of
concepts such as basal metabolic rate and energy expenditure, are most likely be beyond
the scope of most participant’s understanding. Furthermore, step count, active time, and
sitting time are three of the most tangible variables, which would have allowed for easy
self-monitoring, had the participant desired that, and the benefits of improvements in these
areas are well-researched. The report provided participants with their average for each
variable and a comparison of how close they were to the recommendation framed in a
positive/success format (e.g., “you are only X number of steps away from reaching the
recommendation! Keep up the great work!”).
2.7.1 Considering physical capacity when selecting goals.
As previously discussed, physical capacity is an important consideration when
implementing physical activity interventions. It was not feasible to give the same
recommendations to all participants as physical capabilities and starting levels varied
greatly. However, this was easy to consider for practical, real-life purposes, but from a
research-design perspective, was impractical to do-so without biasing participants and
confounding the study. As one of the objectives of the present study is to evaluate the
impact PC has on PA levels, it was not possible to give recommendations based on PC
scores as this would be operating under the assumption that PC does in fact effect PA.
Doing so would have confounded the study as we would have been making
recommendations based on a hypothesis under investigation. Additionally, while it
practically made sense to provide participants with recommendations tailored to their
specific ability, often mental strength or motivation allows people to surpass their physical
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limitations, so to tell someone they should only be reaching a certain goal may have created
a mental barrier to their best performance. It was for these reasons that the decision to
provide recommendations based on capacity was foregone, but it is acknowledged that this
should be a future step once further investigation of the PC/PA relationship has been
completed.
2.7.2 Literature support for physical activity recommendations.
Although recommendations were not given on the basis of capacity scores, all
participants were provided with two physical activity goals to choose from, one higher than
the other. This allows participants choice, which helped to ensure that participants felt in
control of their own goals. This helped to maintain their autonomy and increase intrinsic
motivation (Ryan, Vallerand, & Deci, 1984). Additionally, having both a high and low goal
option accommodated for the varying levels of abilities that were seen in this sample. This
ensured that someone with a baseline step-count of 2500, for example, was not asked to
have a 100% increase, which would discourage participants and reduce motivation, but
also allowed those entering with abnormally high baseline values the room to challenge
themselves.
2.7.2a Step count. Step count was chosen as the health benefits of walking are wellknown. They include lower body mass index (BMI), lower blood pressure, and improved
mood (Lee, Watson, Mulvaney, Tsai, & Lo, 2010; Murphy, Nevill, Murtagh, & Holder,
2006; Vetrovsky et al., 2017). Additionally, increasing step-count has been associated with
lowered depression and anxiety as well as improved health-related quality of life
(Vetrovsky et al., 2017). Research also supports that increasing steps per day may result in
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less time spent in the hospital ((Ewald, Oldmeadow, & Attia, 2017). Specifically, Ewald
and colleagues (2017) found that when participants increased their step-count by 4300
steps per day, they spent, on average, one less day in the hospital per three years of life. In
addition to these numerous health benefits, step-count is also an easily modifiable factor
that participants can gage and track on their own.
The higher step-count recommendation was participants’ average baseline value +
2500 steps. This goal was chosen for numerous reasons. First, setting the goal too low (e.g.,
+200 steps per day) may result in too little effort expended. Contrarily, setting the goal too
high may result in a decrease in performance due to the fact that a participant will reach a
limit of ability (Latham & Locke, 1991), which was particularly of concern for the older
population. Second, it has been suggested that providing everyone with the same goal
(commonly 10 000 steps) is not recommended and neither feasible nor effective (Sullivan
& Lachman, 2017), particularly for the older population (Tudor-Locke & Bassett Jr, 2002;
Strath et al., 2011; Kang, Marshall, Barriera, & Lee, 2009). In fact, studies involving
individualized step goals appear to have strong, positive effect sizes, on average (ES =
0.72; Kang et al., 2009). Furthermore, it has been demonstrated that specific goals are
favourable to vague goals (Latham & Locke, 1991) and that when specific goals are
assigned, performance is significantly better than with open or do-your-best goals
(Schweikle, Groves, Vella, & Swann, 2017). As previous research indicates that an
increase of at least 2000 steps is required to see an improvement in quality of life (TudorLocke & Bassett, 2004) we attempted to produce improvement beyond that value.
Additionally, in any case, an increase of 2500 steps would be enough to move participants
from one level to the next (e.g., “low active” to “somewhat active”) on the graduated step
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index (Todor-Locke, 2002). Furthermore, research suggests that modest changes in
physical activity, such as walking an additional 2000–2500 steps per day, might be enough
to prevent weight gain in an average adult (Hill, Wyatt, Reed, & Peters, 2003)
The lower step-count recommendation was participants’ average baseline value +
1000 steps. This lower value was chosen in anticipation of functional limitations that may
be seen in participants with lower capacity. Additionally, this value approximately
represents the average increase in step-count seen across several studies of older adults,
both with and without functional limitations (Bravata et al., 2007; Croteau et al., 2007;
Talbot et al., 2003); therefore, it was selected as a reasonable goal that would still be
challenging to participants with lower functional capabilities or lower motivation.
Based on previous literature, it was hypothesized that providing participants with
recommendations and performance feedback would significantly increase their average
step-count from their baseline values.
2.7.2b Sitting time. Sitting time was also targeted due to the number of risks
associated with increased sitting time. For example, higher amounts of daily sitting time
are associated with greater risk of all-cause mortality (Chau et al., 2013). Furthermore,
Meneguci and colleagues (2015) reported that older adults who sat the most presented with
the worst scores in the physical domain and social participation facet of quality of life.
Finally, higher sitting time has also been significantly associated with obesity, and
cardiovascular disease (Obesity Society, 2016). Knowing how significant of a predictor
sitting time is for various health concerns, it is critical that this factor is targeted, and, again,
it is easily tracked and modifiable.
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The following recommendation was the higher goal suggested for sitting time:
participants were told that they should be sitting no more than X number of hours per day,
with X representing their baseline value minus one hour. Again, this goal was chosen with
specificity and difficulty of task in mind (for reasons discussed above). Although there are
presently no recommendations for an ideal quantity of sedentary behaviour for older adults,
multiple studies report a reduced risk or mortality for simply replacing one hour of sitting
time with a low-level activity, such as standing or walking. For example, when less-active
individuals (< 2 hours per day of overall activity) substituted one hour of sitting with other
non-exercise activities, a decreased risk of mortality (HR = 0.70 [0.66-0.74]) was found
(Matthews et al., 2015). Similarly, Stamatakis and colleagues (2015) reported that
replacing one hour of sitting with standing resulted in an overall 3% reduced risk of
mortality and specifically a 5% decrease in those who did not meet the World Health
Organization physical activity recommendations. Moreover, they suggest that replacing
sitting with standing will improve both blood glucose responses and energy expenditure
(Stamatakis et al., 2015). Although striving for a larger decrease may lead to greater
improvements, considering this is a comparatively short-term intervention and the target
demographic is substantially older, one hour was deemed a challenging yet attainable goal.
Alternatively, a lower goal of reducing sitting time by 30 minutes was also
provided. This lower value was chosen on the basis of average reductions within the adult
population. A systematic review, completed by Martin and colleagues (2015), indicates
that, following intervention, the average reduction in sitting time is only 22 minutes. While
the systematic review addressed all adults over the age of 18, the results are mirrored by
Fitzsimons and colleague’s work (2013) in older adults. They applied a goal-setting
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intervention to adults over the age of 60 (M = 68) and reported an average reduction of 24
min/day. It is clear that large reductions are not often achieved, thus it would be especially
unrealistic to expect greater changes among a population with lower than typical
functioning. Thus, while setting the goal higher than average may work for adults who are
physically capable of making that change, this lower goal is deemed feasible but still
challenging for this sub-population. The recommendation was set to 30 minutes simply to
create less unorthodox time frame and to create increased difficulty as to increase
motivation to reach the goal.
Based on previous literature, it was hypothesized that providing participants with
recommendations and performance feedback would significantly reduce their average
daily sitting times from their baseline values.
2.7.2c Active time. Active time was the last variable of interest. Active time was
counted whenever a participant engaged in physical activity, of at least 3 METs (i.e.,
moderate intensity) for bouts of at least ten minutes, in order to comply with various health
guidelines (CSEP, 2011; Haskel et al., 2011). Time spent standing, shuffling, walking,
stair-climbing, and cycling contributed to the total active time. Active time indicates more
purposeful physical activity, eliminating shorter walking periods due to simply walking
around the house or work.
When receiving guidelines for active time, participants were reminded of the
CSEP’s guidelines for physical activity (i.e., 150 minutes of MVPA ) (CSEP, 2011).
Extensive research indicates that this is the minimum level of physical activity required to
reduce risk of several negative health outcomes (Kesaniemi et al., 2001).
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The higher recommendation given to participants was to either meet the 150 MVPA
guideline or to maintain this level of activity if they have already done so during baseline.
Alternatively, the goal to partake in at least 60 minutes of MVPA per week was also
presented. Although this is less than the CSEP guidelines, many health foundations,
including the CDC (2016) and the American Heart Association (2014), state that some
physical activity is better than none. Moreover, research indicates a linear relationship
between PA and health benefits (Warburton et al., 2006), meaning that all levels of PA are
associated with benefits to some degree.
Based on previous literature, it was hypothesized that providing participants with
recommendations and performance feedback would significantly increase their weekly
active time from their baseline values.
2.7.3 Correlation to other variables.
Although we are intentionally targeting only three specific PA outcome variables, we
anticipated changes in numerous other variables due to interdependence. A few examples
are discussed below.
2.7.3a Absolute Intensity. Physical Activity recommendations use absolute aerobic
intensity in terms of metabolic equivalents (METs) (Haskel et al., 2011). One MET is
defined as the amount of oxygen consumed while sitting at rest (Jette, Sidney, & Blumchen,
1990). We aimed to decrease sitting time and increase active time of our participants. If it
is assumed that an individual is replacing low-energy expending behaviours (i.e., sitting [1
MET]) with ones that utilize more METs (e.g., walking [~3.2 METs] or weight-lifting [~5
METs]) then absolute intensity would be increased. This meant that participants would
57

spend more time engaging in MVPA; therefore, they would be closer to meeting the
recommended guidelines for PA.
2.7.3b Total Energy Expenditure. Physical activity is a modifiable factor that accounts
for anywhere from 15-30% of total energy expenditure (TEE; measured in kilocalories;
van Baak, 1999) and is defined as Activity Energy Expenditure (AEE). Additionally,
physical activity may induce elevations in basal metabolic rate (BMR). Excess postexercise oxygen consumption (EPOC) is responsible for increased energy expenditure and
may vary between 125-625 KJ, depending on intensity and duration of exercise (van Baak,
1999). Furthermore, some studies (Tremblay et al., 1986; Poehlman & Danforth, Jr, 1991;
Almeras et al., 1991) have even suggested that consistent training can have a lasting
increase on BMR through a two-fold effect. First, physical activity can lead to an increase
in lean body mass, which accounts for approximately 50-70% of variability in BMR
(Speakman & Spellman, 2003). Secondly, physical activity may induce changes in the
physiological processes responsible for BMR (Speakman & Spellman, 2003). As BMR
accounts for approximately two-thirds of TEE (van Baak, 1999), increase in BMR will lead
to increases in TEE as well.
2.7.3c Physical Activity Ratio (PAR). Physical Activity Ratio (PAR) is the ratio of
physical activity energy expenditure and BMR. Correspondingly, if one increased their
energy expenditure, they would increase their PAR as well.
2.8 Summary
After reviewing the literature, several factors become clear. First, the number of older
Canadians continues to rise at a rapid rate. Second, the aging demographic experiences
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several health issues in response to their severe inactivity. Third, while the importance of
mobility in relation to health and quality of life has been supported, little is known about
the mobility levels of older Canadians. In order to further investigate, the two physical
determinants of mobility – capacity and activity – as well as the relationship between them,
must be further evaluated.
Currently, research indicates that capacity and activity are separate but related entities.
However, these are two complex domains, each consisting of numerous variables, and the
current research has failed to explore all possible representations of capacity and activity.
Instead it has relied on only a few, consistently-used variables. As such, the first step
required to answer the first objective was the exploration and data reduction of all physical
capacity and physical activity variables that could be collected by the MoveTest and the
MoveMonitor. Then, using a clustering technique, the best (i.e., more representative)
variables were selected to optimize and explore the relationship between these two mobility
determinants.
In order to answer the second objective, the proposed research also used an intervention
designed to increase activity levels of older adults using assigned goals paired with
performance feedback. All results were analyzed in the context of capacity to determine
whether one’s physical capacity was a significant predictor of their ability to change
throughout the intervention. To our knowledge, this was the first study to incorporate
capacity in this manner. The intervention focused on the following three variables: stepcount, sitting time, and active time. However, results from objective one (i.e., the optimum
variables) were used to inform further variables for exploration in answering objective two.
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The results from this study provided immediate descriptive data on the physical
determinants of older Canadians’ mobility levels. It has also allowed for a better
understanding of the physical activity levels of older Canadians and whether these activity
levels, and improvements of them, are restricted by their physical capacity. The long-term
objective of the present research is that the vast amount of data collected for this study will
aid in the development of a classification system (high or low) for capacity and activity.
Such a measure witl lead to the creation of more efficient and individualized physical
activity interventions, which will, in turn, improve the health and quality of life of older
Canadians.
2.9 Restating of Objectives
As stated in chapter 1 (Introduction), the primary purpose of this study was to identify
the optimum variables to express the interrelationship between physical capacity and
physical activity of community-dwelling older adults (65+) using McRoberts wireless
mobility sensors during activities of daily living. This analysis was completed using a preexisting database along with additionally-recruited participants obtained from objective
two.
The secondary purpose of this study was to investigate the impact of goals and weekly
performance feedback on physical activity and sedentary behaviours of communitydwelling older adults (65+ years of age). The goal-setting was applied to three variables
selected prior to the intervention (step count, sitting time, and active time), but the results
from objective one also served to inform on other physical activity and sedentary outcomes
for evaluation. Physical activity and sedentary behavior were measured over a 3-week
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period, using the McRoberts MoveMonitor wireless mobility sensor, and all results were
examined to determine whether physical capacity, as measured by McRoberts MoveTest
wireless mobility sensor, was a significant predictor of change within the intervention.
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3. Methods
3.1 Participants
As previously mentioned, a pre-existing database was used for objective one. The
participants from the pre-existing data are from here on out referred to as Sample A. Sample
B contains only the intervention participants and was used to answer objective two. The
two samples were also combined in order to address some aspects of the first objective.
This combined dataset is referred to as Sample C.
3.1.1 Sample A.
The following characteristics refer to the participants within the pre-existing
dataset. Eighty-one (N = 81) community-dwelling older adults (65+) who resided in
Fredericton, New Brunswick (NB) or surrounding areas, were recruited for the initial phase
of this research. Of these 81 participants, 29 were eliminated due to incomplete data (n =
28) or drop out (n = 1), leaving a total sample of 52 (14 males and 38 females). All
participants in this study were volunteers. Community-dwelling means that participant
lived at home, as opposed to a care/nursing home facility, and did not require external
support (e.g., home-care nurse). Additionally, all participants were independently mobile,
meaning they did not require any assistive devices for walking (e.g., cane or walker). Ages
ranged from 65 – 85 (M = 74.27 + 5.11). Refer to Table 3.1.1 for additional sample
characteristics. Aside from height and weight, no further demographic information was
collected. Sample A was used for the initial data exploration and reduction used to address
objective one.
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Table 3.1.1
Sample characteristics for all participants (N = 52) in the pilot data. Standard deviation
is denoted by SD. Percent is denoted by %. Weight is measured in kilograms (kg), and
height is measured in centimeters (cm).
Age, mean + SD
Weight, kg, mean + SD
Height, cm, mean + SD

Men (n = 14)
73.07+ 5.85
85.57 + 25.20
172.21 + 6.57

Women (n = 38)
74.71 + 4.82
66.13 + 10.17
160.29 + 6.06

Total (N = 52)
74.27 + 5.11
71.37 + 17.68
163.5 + 8.13

3.1.2 Sample B.
Intervention participants were 24 community-dwelling older adults (7 men and 16
women) residing in Fredericton, New Brunswick and surrounding areas. Sample size
calculations were completed using the program G*Power (G*Power Version 3.0.5,
Department of Psychology, 2008). Three separate calculations were completed – one for
each of step count, sitting time, and active time. For all three, alpha was set to .05, power
was set to .80, and the assumption of sphericity was assumed. For step count, an effect size
(ES) of .53 (Cohen’s d) was used (Kang et al., 2009), which yielded an estimated sample
size of 26. For sitting time, an ES of .58 was used (Lewis et al., 2016), which produced a
sample size of 21. Finally, for active time, an ES of .32 (McEwan et al., 2016) was used
which generated a sample size of 61. Since the maximum sample size was not met for
active time, resulting power will be reported in the results. Once again, all participants in
this study were volunteers. As in sample A, all participants were independently mobile.
Ages ranged from 65 to 90 (M= 73.13 + 5.41). A total of one participant dropped out after
week one (baseline), reducing the total sample size used for analysis to 23. The sample was
100 percent Caucasian, and the most commonly reported form of transportation was car
(87%). The most commonly reported income brackets were as follows: $75 000 - $99 999,
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$50 000 - $74 999, and $35 000 - $49 000. One participant declined to provide this
information. Out of the 23 participants, 10 (43.5%) reported having a gym or fitness group
membership. Refer to Table 3.1.2 for additional sample characteristics. Sample B was used
to answer all questions pertaining to objective two.
Table 3.1.2
Sample characteristics for intervention participants (N = 23). Standard deviation is
denoted by SD. Percent is denoted by %. Weight is measured in kilograms (kg), and height
is measured in centimeters (cm).

Age, mean + SD
Caucasian, %
Weight, kg, mean + SD
Height, cm, mean + SD
Transportation
Car, n (%)
Walking, n (%)
Income
NA, n (%)
$25 000 to $49 999, n (%)
$50 000 to $74 999, n (%)
$75 000 to $99 999, n (%)
Gym membership,n (%)
SF-36 (%, mean + SD)
SF-36 PFS (%, mean + SD)
PROMIS- Physical (TScore, mean + SD)
PROMIS – Mental (Tscore, mean + SD)

Men (n = 7)

Women (n = 16)

Total (N = 23)

73.00 + 3.65
100
85.01 + 14.77
172.71 + 5.00

73.18 + 6.13
100
66.21 + 10.67
160.31 + 6.55

73.13 + 5.41
100
71.93 + 14.67
164.09 + 8.37

6 (85.70)
1 (14.30)

14 (87.50)
2 (12.50)

20 (87.00)
3 (13.00)

0 (0)
0 (0)
3 (42.90)
4 (57.10)
2 (28.5)
83.47 + 5.63
86.43 + 8.02
52.50 + 5.31

1 (6.25)
8 (50.00)
5 (21.74)
2 (8.70)
8 (50.00)
83.03 + 9.14
84.06 + 12.00
51.85 + 4.40

1 (4.35)
8 (34.78)
8 (34.78)
6 (26.09)
10 (43.48)
83.17 + 8.11
84.78 + 10.81
52.05 + 4.58

55.04 + 6.51

53.24 + 5.58

53.79 + 5.79

3.1.3 Sample C.
The combined sample of participants, used to address objective one, was a
combination of the 24 participants from the intervention added to 52 participants from the
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pilot work. Please note, that the one participant removed from the intervention work was
included in the combined sample as their baseline data collection was complete. Thus, for
the purposes of data analysis, 76 (21 males and 55 females) participants were included. All
participants were community-dwelling, independently-mobile, volunteers. Ages ranged
from 65 to 89 (M = 74.05 + 5.15). Refer to Table 3.1.3 for additional sample characteristics.
Aside from height and weight, no further demographic information was available for those
not part of the intervention, as such, no further information is presented for the sample as
a whole. Sample C was used to complete further exploration of objective one.
Table 3.1.3
Sample characteristics for all participants (N = 76) in the combined data. Standard
deviation is denoted by SD. Percent is denoted by %. Weight is measured in kilograms
(kg), and height is measured in centimeters (cm).
Age, mean + SD
Weight, kg, mean + SD
Height, cm, mean + SD

Men (n = 21)
73.29 + 5.12
85.38 + 21.89
172.38 + 5.96

Women (n = 55)
74.35 + 5.18
66.02 + 10.16
159.87 + 7.25

Total (N = 76)
74.05 + 5.15
71.37 + 16.58
163.33 + 8.85

3.2 Screening tools and Inclusion/Exclusion Criteria
All intervention participants completed the MiniCog (appendix C) and the Get
Active Questionnaire (GAQ; appendix D). All participants within the pre-existing database
completed the MiniCog and the Physical Activity Readiness Questionnaire Plus (PAR-Q+;
appendix E). The same inclusion and exclusion criteria were used for pre-existing and
intervention participants. Refer to Table 3.2 for a complete list.
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Table 3.2.3
Inclusion and exclusion criteria for participants of pilot and intervention research.
Inclusion
Individuals over the age of 65.
Able to stand and ambulate without
walking aids.
Able to pass the PAR-Q+ or provide a
doctor’s consent/Complete the GAQ
Pass the Mini-Cog (score of at least 3/5)
or provide third-party consent.
Living independently (i.e., not in a care
home facility)
Able to adequately communicate verbally
in English.

Exclusion
Any mental or psychiatric illness
prohibiting participation
Leg/foot amputations
Any physical or neurological condition
that results in atypical gaits such as:
Hemiplegic gait, Dipelgic gait, steppage
gait, Hyperkinetic gait, Ataxic gait and
Parkinsonian gait.
Need external support (e.g., walking aids)
to stand and walk.

3.2.1 Mini-Cog.
The Mini-Cog (Borson et al., 2000) is a measure used to assess cognitive
impairment in older adults. The test was quick and easy to administer and consisted of only
two components: 3-item memory recall and clock drawing. The recall test is scored out of
3 (one point for each item remembered), and the clock drawing is scored out of 2 (0 if
unable to complete and 2 if able to complete). The Mini-Cog has been widely used in
community and clinical settings, and has minimal language content, which leads to a
reduction in educational or cultural biases (“Using the Mini-Cog” n.d.). Research indicates
that this measure has high sensitivity and discriminatory power as a screening tool for
dementia in older adults (Borson et al., 2000; Milian et al., 2012).
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3.2.2 Get Active Questionnaire (GAQ).
The Get Active Questionnaire (GAQ; CSEP, 2017) is a pre-participation screening
tool used to determine whether participants are safe to engage in physical activity. Those
who did not receive a score of at least 3 on the Mini-Cog, and thus required third-party
consent, also required this third-party to complete the GAQ on their behalf. This ensured
that the information provided was reliable and up-to-date. The GAQ is accompanied by a
reference document that enabled participants to make an informed decision about seeking
advice from a health-care provider or a qualified exercise professional (QEP) prior to
becoming more physically active. Participants who answered “yes” to one or more
screening questions were directed to the reference document to receive further guidance
regarding each possible concern (e.g., heart disease, dizziness, etc…). Following review of
the reference documents, participants either took time to consult a health professional or a
QEP or declared that they were comfortable continuing without further consultation. The
GAQ is an evidence-based and CSEP-recommended tool (CSEP, 2017).
3.2.3 Physical Activity Readiness Questionnaire Plus (PAR-Q+).
The Physical Activity Readiness Questionnaire Plus (PAR-Q+; PAR-Q+ collaboration,
2011) is a pre-participation screening tool used to determine whether participants are safe
to engage in physical activity. Compared to the GAQ, which allows the participant to
decide for themselves, the PAR-Q+ requires that participants who answer “yes” to any of
the questions or follow-up questions seek further health information from a QEP prior to
participating in physical activity. Should this be the case, the participant would have to
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return the PAR-Q+ with their health provider’s signature. The PAR-Q+ is an evidencebased and CSEP-endorsed tool (CSEP, 2018).
3.3 Recruitment
The same recruitment techniques were used for both pilot and intervention groups.
Participants were recruited via word of mouth, blog advertisements (appendix F), and
posters (appendix G) that were be placed in physiotherapy clinics, community centres,
grocery stores, churches, and campus of the University of New Brunswick. Interested
participants contacted the lab, via telephone and email, and received a full briefing on the
details and purpose of the study before scheduling a testing time. Each testing session took
approximately one hour, and participants were offered breaks whenever needed. Both the
pre-existing work (REB 2017-029) and the intervention research (REB 2018-089) were
submitted to and approved by the University of New Brunswick’s Research Ethics Board
(REB) prior to commencement of any data collection. Participants were provided with the
REB approval number and contact information in the informed consent. All participants
completed, or had their third-party complete, an Informed Consent (appendix H) form prior
to participation.
3.4 Physical Activity
The physical activity outcome measures considered for objective one were the
variables collected from the MoveMonitor wireless health sensor. Refer to appendix I for
a complete list. The following physical activity measures were specific to the intervention
sample/objective two.
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3.4.1 Physical Activity Outcome Measures
3.4.1a Step count. Step count was measured and totaled both daily and weekly.
Each days’ values are summed then divided by the number of days worn as to create an
average daily step count for each week. This value, reported as average number of
steps/day, was reported to participants when they returned to the lab at the end of each
week.
3.4.1b Sitting time. Much like above, total sitting time was measured both daily
and weekly. Average daily sitting time for each preceding week, reported in minutes, was
told to participants when they returned to the lab at the end of each week. It is important to
note we only considered sitting time, and not sedentary time, thus any time spent
sleeping/laying was not included.
3.4.1c Active time. Total active time, measured in minutes of MVPA in bouts of at
least ten minutes, per week, was reported to participants each week. Unlike step count and
active time, this value was summed for the entire week so that it may be compared to the
CSEP’s weekly recommendations.
3.4.1d Physical Activity Scale for the Elderly (PASE). The Physical Activity Scale
for the Elderly (PASE; appendix J) is a 10-item questionnaire that asks about older adults’
engagement in physical activity in the last week. This measure providde a self-reported
account of participants’ PA. Days and time spent engaging in various activities, such as
walking, light housework, and weight-lifting, were coded. The PASE has been deemed a
valid measure of physical activity among older adults (Washburn & Ficker, 1999) and
demonstrates moderate correlations to actual physical activity (Harada, Chiu, King, &
Stewart, 2000). Moreover, it appears to have high correlations with performance-based
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measures (e.g., EPESE index and 6-min walk; Harada, Chiu, King, & Stewart, 2000) and
is one of the best indicators of physical function scores (Campbell, 2012). The PASE was
be administered both as a pre-questionnaire at the beginning of the study, prior to any data
collection, and at the end of each week (baseline and intervention weeks). Results were
compared along with the MoveTest and MoveMonitor data to assess for changes.
Advantages: This measure allows us to collect data from a large number of people
in a cost-effective manner (Sallis & Saelens, 2000), it can be adapted to fit the needs of the
present study (Sallis & Saelens, 2000), and recall does not alter behaviour in question
(Sallis & Saelens, 2000). Additionally, average scores are provided for a series of age
groups (65-69, 70-75, and 76+), making comparison easy.
Disadvantages: There is the cognitive demand of recall bias (Sallis & Saelens,
2000). Additionally, social desirability bias – leads to over-reporting (Sallis & Saelens,
2000), and does not include sedentary time in the score calculations.
3.4.2 Physical Activity Instrumentation
Step count, sitting time, and active time, as well as numerous other PA variables,
were measured using the following two devices. The older model (USB Dynaport) was
used for all pre-existing participants and the majority of the intervention participants (n =
19). The newer model (MoveMonitor) was used for only five of the intervention
participants. For practical purposes, both models will be referred to as the MoveMonitor
following this section.
3.4.2a McRoberts USB Dynaport wireless mobility sensors. The McRoberts USB
Dynaport wireless mobility sensors (McRoberts, Hague, Netherlands) were used to collect
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physical activity data throughout the daily lives of participants (24/7, for three weeks, with
the exception of water-based activities). The wearable sensors recorded data on the user’s
physical activity levels, movement, energy expenditures, and sleep. In addition, the sensors
provided physical activity recommendations, clinical references, and patient feedback
reports. This data was given to the participant in its entirety upon completion of the study
and was also be used to gather the typical data to report to participants during the
intervention. Maximum duration of measurement for this sensor is seven days. Participants
exchanged their sensor for a new, fully-charged one at the end of each seven-day period.
Each sensor weighs 55 grams and is 106.6 x 58 x 11.5mm. Sampling frequency is set to
100hz. The hardware consists of a small, light casing, which contains the following: a triaxial accelerometer, a rechargeable battery, USB connection, and a Micro-SD card. The
Movemonitors are worn on an adjustable elastic band, secured with Velcro, over or under
clothing, positioned over the centre, lower-lumbar region of the spine (Figure 3.1). This
device is FDA and EMA approved and has been extensively validated for activity detection
and energy expenditure against video analysis and doubly labelled water methods (Van
Remoortel et al., 2012; Rabinovich et al., 2013; Langer et al., 2009; Dijksta, Kamsma, &
Ziljstra, 2010).
3.4.2b McRoberts MoveMonitor wireless mobility sensors. The McRoberts
MoveMonitor wireless mobility sensors (McRoberts, Hague, Nehterlands) were also used
to collect daily physical activity data from participants. These sensors are identical to the
older model (described above) with the following exceptions: fourteen-day measurement
lifespan and a storage medium of 1Gb flash memory. Despite the longer measurement span,
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participants still exchanged their sensors for a new, fully-charged one at the end of each
seven-day period in order to remain consistent with the previous model.
3.5 Physical Capacity
The following physical capacity outcome measures were used for both the pilot
group and the intervention group. In other words, the physical capacity tests were
consistent across all participants within the combined sample
3.5.1 Physical Capacity Outcome Measures
3.5.1a Short Physical Performance Battery (SPPB) Test. The short physical
performance battery (SPPB) is a series of tests that assesses gait speed, sit to stands (STS),
and balance and provides a combined result. Scores range from 0 (worst performance) to
12 (best performance), as each subtest (gait, STS, and balance) is graded out of four.
Research indicates that the SPPB has predictive validity, showing a gradient of risk for
mortality, nursing home admission, and disability (Guralnik et al., 1994). For the purposes
of this study, a modified version (Guralnik et al., 1994) will be used. This version assesses
the lower extremity function in community-dwelling older adults to predict risk of
mortality and nursing-home admission. The SPPB protocol exams participants’ gait speed,
using a 4-m walk, their ability to rise from a chair without using upper-extremity support
five times as fast as possible, and their balance, using side-by-side, tandem, and semitandem positions. The balance tests require participants to stand once, without support, in
each position for 10 seconds. Should a participant be unable to hold the side-by-side and
semi-tandem stances for the entire duration, they receive a score of 0/1. Comparatively,
participants can receive a score up to 2/2 on the tandem stance, with both duration and
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ability to complete contributing to the score. Gait speed and STS are scored on both time
and ability to complete. Refer to appendix K for a more detailed version of the scoring
rubric. The entire test takes approximately 10-15 minutes to complete. This test was
administered once, during the physical capacity portion of the welcome session. Research
indicates that the SPPB has extremely high test-re-test reliability and is considered to be
valid (Friere et al., 2012).
3.5.1b Sit to Stands. 3 additional unrestricted STSs were completed. These were
completed in the same manner as those from the SPPB – without upper-extremity support
– but they were completed at the participant’s comfortable/usual pace. Scoring is based on
total duration.
3.5.1c Sway Test. Balance information, supplemental to that from the SPPB, was
collected using a tandem stance and a single-leg stance. Participants completed a trial
tandem stance with both right and left feet forward before selecting their most stable side
for the actual measurement. The same was allowed for the single-leg stance. Each stance
was held for ten seconds, or as close to as possible.
3.5.1d Timed Up and Go (TUG) Test. The Timed Up and Go (TUG) test is an
accessible mobility test, indicative of one’s ability to get in and out of bed and/or chair, on
and off a toilet, and to walk across streets. Time taken to complete the test is strongly
correlated with functional mobility (Richardson & Podsiadlo, 1991). This study used a
modified version and scoring system, validated by Podsiadlo and Richardson (1991).
Participants were required to stand up from a chair without upper-extremity support, walk
five meters, turn around, return to the chair, and sit down. This test typically requires under
two minutes to complete. Refer to appendix L for full instructions and scoring procedures.
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This test was administered once, during the physical capacity test of the welcome session.
The TUG test had been demonstrated to be a reliable and valid measure of mobility
(Podsiadlo & Richardson, 1991).
3.5.1e Six Minute Walk Test (6 MWT). The 6 Minute Walk Test (6 MWT) is a
commonly used measure of physical endurance in ambulatory older adults. Submaximal
endurance is an important factor for everyday activities, such as running errands and
participating in recreational activities (Rikli & Jones, 1998). Participants were required to
walk a consistent distance for six minutes, or until they no longer can. Participants are
scored on whether or not they are able to complete the entire six minutes. This test was
administered once, during the physical capacity portion of the welcome session. The
6MWT has been proven to be a reliable and valid measure of physical endurance in older
adults (Rikli & Jones, 1998).
3.5.1f Short-Form (SF)-36: Physical Functioning Scale. The Physical
Functioning Scale (PFS) of the SF-36 (appendix M) is composed of 10 items, consisting
of varying ranges of difficulty (e.g., climbing several flights of stairs, climbing one flight
of stairs). Each item is scored either 1 (Yes, limited a lot), 2 (Yes, limited a little), or 3 (No,
not limited at all). The subscale is transformed into a score from 0-100, with lower scores
indicating lower functioning. Normative values are available for the US population.
Although part of a larger measure, the PFS subscale has been used independently to
describe activity limitations among several populations, including community-dwelling
older adults (Bohannon & DePasquale, 2010). The PFS demonstrates good internal
consistency and is considered a valid measure of self-reported functioning (Bohannon &
DePasquale, 2010). Additionally, it demonstrates significant correlations with several
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performance measures (e.g., single limb stance, Timed Up and Go, and gait speed)
(Bohannon & DePasquale, 2010). The SF-36 was administered as a pre-questionnaire,
prior to any data collection. This test provides a self-report measure of physical
functioning.
Advantages. This measure is simple and brief. Research indicates that self-report
and performance-based assessments provide information on related, but distinct, aspects of
physical functioning (Wittink, Rogers, & Sukiennik, 2003); therefore, this measure is
supplemental to the objective measures and will provide additional information.
Disadvantages. As it is a self-report measure, the SF-36 is subject to social
desirability bias. Additionally, it is unlikely to identify early signs of impairment (as cited
in Goldman et al., 2014) and scoring is a somewhat complicated procedure.
3.5.2 Physical Capacity Instrumentation
The following standardized tests were collected using the McRoberts MoveTest:
Sit to Stand Test, Sway Test, Timed Up and Go Test, Short Physical Performance Battery,
and Six Minute Walk Test.
3.5.2a McRoberts MoveTest wireless mobility sensor. The McRoberts MoveTest
wireless mobility sensors (MT 50089; McRoberts, Hague, Netherlands) was used to collect
physical capacity data in the Andrew and Marjorie McCain Human Performance
Laboratory, located in the Richard J. CURRIE CENTER at the University of New
Brunswick. Each sensor weighs 55 grams and is 106.6 x 58 x 11.5mm and contains a triaxial accelerometer, triaxial gyroscope, triaxial magnetometer, barometer, and a
temperature sensor. The sensor connects to McRoberts’ software using a Bluetooth
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connection (+ 100m), and it has cloud-based data analysis and storage. Sampling frequency
is set to 100hz. Maximum measurement duration for this device is one day, and it has 1 Gb
of flash memory. Sensors were worn on an adjustable elastic band, secured with Velcro,
either under or over clothing, centered over the lower-lumbar region of spine (refer to
Figure 3.5.2a). This device is an FDA and EMA registered medical device. It demonstrates
acceptable levels of validity and reproducibility (Walgaard et al., 2016; Van Lummel et al.,
2017) and shows strong clinical discrimination (Van Uem et al., 2016; Van Lummel et al.,
2013; Stijntjes et al., 2016).

Figure 3.5.2a. Proper placement of the McRoberts MoveMonitor and MoveTest. Retrieved
from https://www.sciencedirect.com/science/article/pii/S1078588414001907
3.6 Additional Outcome Measures
With the exception of the post-test questionnaire, all other measures were
administered solely to the intervention participants. Only the outcome measures from the
MoveTest sensor itself were considered for the pre-existing data.
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3.6.1 Patient Completed Health Outcome Measures (PROMIS) 10.
Global health was assessed using the 10-item version of the Patient Completed
Health Outcome Measures (PROMIS 10; appendix N). This measure assesses physical and
mental health, in general, as well as fatigue and pain and can be used in the general
population. All items are measured across a 5-point Likert scale (ranging from 1 to 5, with
anchors varying per question), with the exception of the pain index, which uses a 10-point
scale (0 = no pain, 10 = worst pain imaginable). Although there is a more encompassing
29 item scale, the 10-item version is less cumbersome for participants to complete, and all
forms of the PROMIS have demonstrated validity and reliability (Cella et al., 2010).
Moreover, the 10-item Global Health version has been deemed an efficient assessment of
function and well-being (Cella et al., 2010). This measure was administered as a prequestionnaire at the beginning of the study, prior to data collection.
Advantages: The PROMIS has been validated across numerous clinical populations
(Cook et al., 2016). It is efficient (minimizes item number without compromising
reliability) (Cella et al., 2010) and provides self-perceived reports of participant health.
Disadvantages: This measure assumes equal weighting for all questions.
3.6.2 Intrinsic Motivation Inventory (IMI).
A modified version of the Intrinsic Motivation Inventory was administered, only
post-intervention as it asks participants to reflect upon the intervention. The scale in its
entirety consists of 45 items across seven subscales (interest/enjoyment, perceived
competence, effort/importance, pressure/tension, perceived choice, value/usefulness,
relatedness, each with seven items). This study used the following four subscales to ask
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about the intervention at hand: perceived competence, effort/importance, perceived choice,
and value/usefulness. The measure can be adapted for each task, and demonstrated
acceptable validity (McAuley, Duncan, and Tammen, 1989). All items have been shown
to be factor analytically coherent and stable across a variety of tasks, conditions, and
settings (“Intrinsic Motivation Inventory”, n.d.). Additionally, the inclusion or exclusion
of specific subscales appears to have no impact on the others (“Intrinsic Motivation
Inventory”, n.d.), allowing for the abovementioned modification. All items are scored on a
7-point Likert scale (1 = not at all, 7 = very true), but some items are reverse-coded.
Advantages: The main advantage of this measure is that it can be tailored to each
task of interest.
Disadvantage: Items within subscales have considerable overlap. Additionally, this
is a self-report measure, so reactivity and self-report bias must be considered.
3.6.3 Post-test questionnaire.
A self-developed post-questionnaire (appendix O) was administered at the end of
every week of data collection. This questionnaire asked about participants’ experiences of
the week. It asked a series of open-ended questions inquiring into whether it was a typical
week, whether the sensor affected their activities, and whether they have any other
questions or concerns. In addition, participants are asked to rate their experience on a 5point Likert scale, ranging from ‘very poor’ to ‘very good’. A modified version was
administered after the last week of the intervention (i.e., these questions were not
administered to any of the pilot participants as they were not applicable). At this time,
participants were asked to answer three additional questions. The first asked participant to
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report whether receiving performance updates was motivating or discouraging. The other
two questions were responded to by a visual analogue scale (VAS). These questions
instructed participants to rate (from 0 to 100) the degree to which the recommendations
influenced their activity as well as the degree to which they were either motivated or
discouraged by receiving their performance feedback.
Advantages: This questionnaire provides supplemental information that will help
determine whether the physical activity data is representative of a typical week and whether
there were any technical issues we should be aware of.
Disadvantage: However, as with all self-reported answers, recall bias and social
desirability are a concern.
3.7 Procedure
3.7.1 Screening
3.7.1a Sample A. Participants were greeted at the front entrance of the Richard J.
CURRIE CENTRE at the University of New Brunswick, by the researcher, and escorted
to the Andrew and Marjorie McCain Human Performance Lab (HPL) on the second floor.
The participants were then instructed to remove their coat and/or shoes, and then the testing
sessions began.
First, participants were guided through the Mini-Cog to assure that they were
capable of consenting on their own. They were instructed to recall three words (e.g.,
“baby”, “kitchen”, “village”) and draw the long- and short-hand of a clock for a designated
time (e.g., “10:20”). As all participants received a score of at least 3/5, they passed, and the
session continued. They then read and signed the informed consent. The participant then
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completed the PAR-Q+ to ensure they were safely eligible to participate in physical
activity. All participants passed the PAR-Q+, and as such, all sessions continued without
stopping to consult a QEP or health practitioner. Next, personal and demographic
information (e.g., address, phone number, date of birth) was collected (appendix P). A
series of questionnaires were then completed. These questionnaires inquired in
participants’ level of activity and physical functioning within the home, their community,
and work (if applicable). The participant’s height (cm) and weight (kg) were then taken,
and then they put on their indoor/walking shoes in preparation for the actual testing.
Finally, the researcher synchronized the McRoberts MoveTest monitor to the computer and
loaded it with the participant’s information (ID, birthday, height, and weight). They then
demonstrated how to correctly wear the monitor (refer back to Figure 3.5.2a) and assisted
the participant in putting it on. For a summary of the physical capacity procedures that
followed, please refer to section 3.7c as the methods are identical. For a summary of the
MoveMonitor week-long data collection, please refer to section 3.7d (Baseline). Following
baseline, participants retuned to the lab to complete the post-questionnaire and return their
MoveMonitor.
3.7.1b Sample B. For a summary of the following procedure, please refer to Table
3.7.1b. Please note, that a large portion of the procedure is redundant to that of the pilot
work. Participants were greeted at the front entrance of the Richard J. CURRIE CENTRE
at the University of New Brunswick, by the researcher, and escorted to the Andrew and
Marjorie McCain Human Performance Lab (HPL) on the second floor. The participants
were then instructed to remove their coat and/or shoes, and then the testing sessions began.
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Table 3.7.1b.
Illustrates the research protocol timeline for intervention participants (Sample B).
Capacity
Testing
Day 0

Baseline
Collection
Days 1-7

Briefing
Mini-Cog
Informed
Consent
GAQ

McRoberts
Movemonitor
is worn 24/7
(with the
exception of
water-based
activities [e.g.,
swimming and
bathing])

SF-36
PROMIS
PASE
Capacity
testing
(6MWT,
Sway test,
Gait Test,
TUG, STS)
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Feedback

Post-Baseline Data Collection

Day 9

Days 10 -25
Day 17
Day 25
Participants return to Return to lab to
Participants
the lab to receive
receive update on
return to lab to
feedback and
average step-count
drop-off the
recommendations on and reminder of
McRobert
their average stepgoals.
Movemonitor..
count, active time,
Debriefing –
and sitting time.
including
patient reports.
Exchange the
Exchange the
Exchange the
McRobert’s
sensor for one that
sensor for one
Movemonitor for a
is fully-charged.
that is fullyfully-charged device.
charged.
PASE
PASE
IMI
Post-Test
Post-test
PASE
Questionnaire
Questionnaire
Post-test
Questionnaire

First, participants were guided through the Mini-Cog to ensure that they were
capable of consenting on their own. They were instructed to recall three words (e.g.,
“baby”, “kitchen”, “village”) and draw the long- and short-hand of a clock for a designated
time (e.g., “10:20”). As all participants received a score of at least 3/5, they passed, and the
session continued. They then read and signed the informed consent. The participant then
completed the GAQ to ensure they were safely eligible to participate in physical activity.
All participants declared that they did not need to stop to consult a QEP or other health
professional, and as such, all sessions continued. Next, personal and demographic
information (e.g., address, phone number, date of birth) was collected.
After the screening measures were completed, the participant completed the
following questionnaires: SF-36, PROMIS, and PASE. The participant’s height (cm) and
weight (kg) were then measured, and then they put on their indoor/walking shoes in
preparation for the actual testing. Finally, the researcher synchronized the McRoberts
MoveTest monitor to the computer and loaded it with the participant’s information (ID,
birthday, height, and weight). They then demonstrated how to correctly wear the monitor
(refer back Figure 3.1) and assisted the participant in putting it on.
3.7.2 Physical Capacity Testing.
The following procedures were identical for both samples A and B. The first test to
be completed was the 6 Minute Walk Test (6MWT). The researcher walked with the
participant the entire time but did not provide any assistance. They also walked in the center
of the track and slightly behind the participant as to not influence their pace. Next, the
balance tests were completed in the following order: side-by-side, semi-tandem, tandem,
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tandem, and single-leg stand. Each stance had to be held once for a total of 10 seconds.
The participant was allowed three attempts per stance, but if they were unable to complete
it after the second trial, the total duration they held for the third trial was accepted as their
result. During all balance tests, the participants stood next to a waist-high gurney, which
was used as support when they feel unbalanced or like they may fall. Participants were
instructed that they may use whichever leg they are most comfortable with as the dominant
leg (i.e., placed forward in the tandem/semi-tandem stances or to stand on for single-leg
stance). The next test to be completed was the 4-metre walk test, followed by the 5x Sitto-Stand (STS), performed at a fast pace, and then the 3x STS, performed at a comfortable
pace. Finally, the Timed Up-and-Go (TUG) was administered. For these tests, a cushioned,
folding chair without arms was used (46cm from floor to seat cushion). The researcher
instructed participants to “go” and “stop” for each test and fully explained/demonstrated
each task prior to asking the participant to complete them.
Following the completion of these tests, the MoveTest was removed, and the strap
was transferred to the participant’s MoveMonitor sensor. This sensor was prepared prior
to the commencement of the testing session. It was set to begin 7-day data recording
starting at midnight (12:00AM) on the date of the day immediately following the testing
session. For example, if the participant came to the HPL on April 19 th, the device would
begin recording on April 20th at 12:00AM. The participant was then provided with a brief
overview of what is expected of them, how the sensor works, and when to return to the lab.
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3.7.3 Baseline.
The following procedures apply to both samples A and B. The week following the lab
visit consisted of a baseline recording of physical activity using the McRoberts
MoveMonitor wireless sensor. Participants wore the sensor for seven days straight during
both activities of daily living and sleep. In other words, the sensor was worn 24/7, with the
only exception being water-based activities (e.g., showering, swimming). Before being
sent home, participants were instructed to carry about their normal life to depict a typical
week of their physical activity. Participants returned at the end of the seven-days,
completed a post-test questionnaire, and left their sensors. Participants in Sample A (i.e.,
pre-existing participants) were finished at this point, while those in Sample B (i.e.,
intervention participants) proceeded to the steps described below in 3.7.4.
3.7.4 Intervention.
This portion of the procedure is applicable only to the participants within Sample B
(i.e., those who completed the intervention). Participants in the intervention received a
document to take home, detailing when to return and reminders of important information
(appendix Q). Following collection of baseline data (end of week 1, beginning of week 2),
participants returned to the HPL and completed the following: 1) exchanged their nowdischarged sensor for a fully-charged one, 2) received a series of physical activity
guidelines, 3) received a selective report of physical activity (i.e., performance feedback),
4) completed the PASE regarding the preceding week, and 5) completed the post-testing
questionnaire for the preceding week. Both the guidelines and the report provided
information on the following three variables: step-count, sitting time, and active time.
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3.7.4a Step count. Participants were informed of their average daily step count for
the week. They were then provided two different goals, for which they chose one, to try
and reach of the next two weeks of testing. Participants were asked to increase their step
count by either 1000 steps/day or 2500 steps per/day. Participants were informed that they
could choose whichever goal they wanted, as they would both provide health benefits. The
participant and researcher then discussed both goals and the participant reached a decision
about which one to pursue over the following two weeks.
3.7.4b Sitting time. Participants were informed of their average daily duration (in
hours) of sitting time for the week. Participants were asked to reduce their sitting time by
either 30 minutes or one hour. Once again, participants were informed that they could
choose whichever goal they wanted, as they would both provide health benefits. The
participant and researcher again discussed both goals and the participant reached a decision
about which one to pursue over the following two weeks.
3.7.4c Active time. Finally, participants were informed of how many minutes
throughout the week that they spent engaging in MVPA in accordance to CSEP guidelines
(bouts of at least 10 minutes). Participants were again provided two different goals to
choose from and were assured that either would be beneficial. Participants would choose
between either reaching or maintaining at least 60 minutes of active time per week or
reaching or maintaining at least 150 minutes of active time each week. The researcher and
the participant once again discussed each goal option and the participant reached a decision
about which one to pursue over the following two weeks.

Participants continued to wear

their sensor 24/7 for the following week. They returned to the HPL two more times (end
of week 2/start of week 3 and end of week 3). At the end of week 2, they exchanged their
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discharged sensors for charged ones, completed the PASE and the post-test for the
preceding week, and received an update of their weekly averages as well as a reminder of
the recommendations. The end of week three was the end of the study so they did not pick
up a new device, but they completed the Intrinsic Motivation Inventory (appendix R) and
receive a debriefing form (appendix S). Following completion of the study, all participants
were then emailed the following reports for each of the three weeks of the study: Clinical
Reference, Physical Activity Recommendations, Physical Activity Overview, Energy
Expenditure, and Sleep. These reports contained a large amount of summarizing
information regarding all physical activity, movement, and sleep data obtained over the
course of the study.
3.8 Data Analysis
All data analyses were completed using the statistical programs R, version 3.4.4
(CRAN R for Windows, version 3.4.4.), SAS, version 9.4m4 (SAS Institute Inc, 2016),
and SPPS, version 25 (IBM SPSS Statistics for Windows, Version 25.0, 2017). The level
of significance was p < .05. All data recorded by the MoveTest and MoveMonitor sensors
were submitted to and processed by McRoberts software. Data was released upon request
to McRoberts (McRoberts, Haugue, Netherlands) in comma separated value files.
Objective one was assessed using the following methods: Data reduction (R), Clustering
(SAS), and Canonical Correlation Analysis (R). Objective two was then assessed using
repeated-measures ANOVAs (R) and regression (SPSS).
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3.8.1 Objective 1
Refer to appendix I for a complete list of all dependent variables from the MoveTest
and Monitor wireless health sensors.
3.8.1a Data Reduction. Sample A was used for the purposes of data reduction. The
capacity dataset and the activity datasets were both initially analyzed for multivariate
outliers using Mahalanobis distance (MD) values. Both datasets had multiple participants
exceed the critical value; however, no outliers were removed. This decision was made
based on several factors. First, the capacity data was completed in a standardized fashion
within the lab, leaving little room for error. This makes it likely that all outliers are a result
of the individual’s performance, as opposed to methodological or technical error. Second,
in the case of both datasets, the addition of the intervention data was anticipated; therefore,
it was possible that those considered outliers in the pilot work would no longer be an outlier
once the other data was added, and it would not have been prudent to eliminate them prior
to checking their new status.
Once multivariate outliers were assessed, the first variable evaluation was
completed. This involved looking at the capacity and activity datasets to determine which
variables could be immediately removed after a logical and critical assessment. For
instance, any variables deemed redundant were eliminated. For example, steps per day was
actually reported in three separate variables, thus only two were kept. Additionally, both
the American College of Sports Medicine (ACSM) and the Netherland’s (Nederlands
Norm Gezond Bewegen [NNGB]) recommendations were presented, but as they share the
same guidelines, the NNGB variables were deemed repetitive and were removed. This
method of removing all redundant variables was applied to both capacity and activity
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datasets. All variables that did not pertain to an individual’s physical activity or sedentary
time were also removed. For example, this included all variables pertaining to “non-wear
time.” Cycling variables were also removed from consideration as only eight percent of the
pilot sample had any cycling periods recorded. Additionally, all variables pertaining to
stair-walking were eliminated as the model of the MoveMonitor used for the pilot data
(USB Dynaport) did not provide this information.
Following the initial evaluation, a second assessment was completing using
correlation matrices. For each variable category (e.g., 6MWT, sway, Active Energy
Expenditure, ACSM, etc…) a correlation matrix was generated and variables that had a
strong positive or negative correlation (0.80 or higher) were eliminated. Correlation
matrices were also generated between categories when high correlations were anticipated
(e.g., between total energy expenditure and active energy expenditure). This served to
provide the greatest data reduction. This final list of variables was then carried over to the
combined data set for further analysis.
Following data reduction, participants were coded as either male or female and into
one of the following four age groups: 1 (65 – 69), 2 (70 – 74), 3 (75- 79), or 4 (80+). The
following information was then generated for each variable: grand and group (age, sex, and
age*sex) means, outliers, quantile-quantile (Q-Q) plots, tests for normality (Shapiro Wilks,
D’Agostino, and Anderson-Darling), Levene’s test for Homogeneity of Variances,
Skewness, Kurtosis, correlations with age, and comparisons across sex and age groups
(independent t-tests/ ANOVAs). Variables were classified as positively or negatively
skewed if their value was greater or less than zero and kurtotic if their values were greater
than three (leptokurtic) or less than three (platykurtic). The researcher’s judgement was
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used when variables were close to zero and/or three. A variation allowance of
approximately 0.5 was given for both measures. Finally, a comparison to the literature was
made for all variables that could be found. The variables were coded as either higher, lower,
or comparable to values found within the literature.
3.8.1b Clustering. Following the data reduction, samples A and B were combined
to create Sample C. Sample C was then used to complete the rest of the exploration to
address objective one. Sample C was first assessed for multi-variate outliers using
Mahalanobis distance (MD) values, as this measure assesses all variables at once and
considers the correlations within the dataset (Maesschalk, Jouan-Rimbaud, & Massart,
2000). For the current sample size (N = 76), a CV of 90.531 was selected (70 degrees of
freedom with p set to .05), and a maximum MD of 72.06 was returned for the dataset,
indicating no multi-variate outliers. Means and standard deviations were then generated for
age, height, and weight.
Next, cluster analysis was completed. Data was first scaled to standardize the
variable ranges. SAS was then used to complete variable clustering with maximum number
of clusters set to ten. Dendrograms were also generated for both datasets to demonstrate
the hierarchical clustering model. The Elbow Method was then used to determine the
optimal number of clusters, which was five for both the capacity and the activity data set.
From each cluster, one variable was chosen to represent the cluster as a whole. The variable
with the lowest 1-R2 ratio was selected and inter-cluster correlation matrices were
generated. Means and standard deviations were then generated for each of the five activity
and five capacity representative variables.
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3.8.1c Canonical Correlation Analysis. Finally, in order to look at the relationship
between capacity and activity, Canonical Correlation Analysis (CCA) was completed using
the ten variables selected from the clustering method (five capacity variables and five
activity variables). CCA was selected as it is a multivariate statistical method that identifies
and quantifies the association between two sets of variables (Thompson, 2005). It
determines the best linear combination for one variate (capacity) and for the second variate
(activity) to maximize correlation between the two (Thompson, 2005). Data was first
scaled to standardize the variable ranges. Next, canonical correlation was completed using
R. From here, the following were generated: canonical correlations, their R2 values, their
eigen values, the approximate F values and their corresponding significance (Wilks test),
estimated coefficients for the Capacity variables, and estimated coefficients for the Activity
variables. A correlation matrix was also plotted.
3.8.2 Intervention Work
The second objective was investigated using Sample B. Table 3.8.2 indicates the
dependent and independent variables. First, means and standard deviations for were
generated for age, height, weight, PROMIS-10 scores, and SF-36 scores. Percentage of
participants was calculated for income brackets, transportation methods, and gym/fitness
club membership. VAS scores from the post-test questionnaire were converted to a score
out of 100 and averaged across participants. Means and standard deviations were also
calculated for each of the four IMI subscales. Eight repeated-measures Analysis of
Variances (ANOVAs) were then completed to investigate the main effect of intervention
week (three levels: week one (baseline), week two, and week three) on each of the
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intervention dependent variables (step count, sitting time, weekly active time) as well as
the five additional variables selected from the physical capacity clusters. This was
completed using R, which simultaneously tested and corrected for violations in sphericity.
Means and standard deviations were calculated and reported for the sample as a total as
well as male and female data separately for each variable.
The effect of capacity within the intervention was then explored using eight
Multiple Linear Regression models, where the dependent variables were the change in the
intervention and clustering physical activity variables and the predictor variables were the
five representative physical capacity variables extracted from the clustering analysis. The
regression models, along with their F values, significance values, and the variables’
associated betas were generated using SPSS. Multicollinearity of all the physical capacity
variables was also assessed using Tolerance, also generated by SPSS.
In addition to the aforementioned analyses, the percentage of participants who met
CSEP guidelines was also calculated, again for the sample as a whole and male and female
data separately.
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Table 3.8.2.
List of independent and dependent variables for the intervention component of the
current research.
Independent Variables
Time (three levels: week one
[baseline], week two, and
week three)

Physical capacity
variables

Physical activity
variables

Questionnaire
variables

Dependent Variables
6 Minute Walk Test distance (m)
Mean Sit to Stand power (Watts)
Total duration of one Sit to Stand
cycle (s)
Mean of absolute vector of the AP and
ML displacement (mm)
Flexion range of Stand to Sit transition
(degrees)
Average steps per day (count)
Sitting time (hours and minute)
Active time (minutes)
Average daily duration of active time
(minutes)
Movement intensity of active time
(m/s2)
Lying to Standing transitions (count)
Total duration of walking in bouts >
20 seconds (minutes)
Inactive periods (count)
Intrinsic Motivation Inventory (IMI)
Physical Activity Scale for the Elderly
(PASE)
Patient Reported Outcomes
Measurement Information System 10
(PROMIS-10)
36-Item Short-Form Survey (SF-36) –
Physical Functioning Scale
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4. Results
4.1 Objective 1 Results
The results for the first objective (exploring the relationship between capacity and
activity) are divided into three categories: Data reduction, Clustering, and Canonical
Correlation Analysis. Results are presented for each category following this order.
4.1.1 Data reduction.
4.1.1a Physical Activity. A total of 193 variables were collected by the
MoveMonitor across the following categories: 14 from The American College of Sports
Medicine (ACSM) recommendations, 16 from the Netherlands Norm Gezond Bewegen
(Dutch Healthy Moving Norms, NNGB) recommendations, 6 from METs/MET minutes,
12 from Active Energy Expenditure, 12 from Total Energy Expenditure, 12 from
Movement Intensity, 12 from Physical Activity Ratios/ Physical Activity Level, 12 from
Periods, 12 from Vector Magnitude Unit (Count in newest export), 18 from Walking, 6
from Transitions, 6 from the PROactive Tool, BMR, and 44 from Duration (mean, median,
max, and total). Data reduction resulted in a 65 percent decrease in the number of
parameters. This left 69 parameters to be used for clustering, while 124 were excluded from
further analyses (Appendix U).
4.1.1b Physical Capacity. A total of 112 variables were reported across the five
different capacity tests measured by the MoveTest: 13 from the 6MWT, 12 from the SPPB,
21 from the TUG, 28 from the STSs, and 38 from the Sway test. Of these 112 variables, a
total of 57 were deemed appropriate for analyses. Refer to appendix V for a complete list.
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Following data reduction, 57 parameters remained to be used for clustering. This equates
to a 55 percent decrease. Fifty-five (n = 55) parameters were excluded from additional
analyses (Appendix W). Five (n = 5) of these parameters were removed on a conditional
basis as they did not provide valuable information for this sample but should be revisited
in different populations (e.g., larger samples or more frail populations).
4.1.1c Variable characteristics.
Following the variable reduction, all remaining parameters were explored to
determine typical characteristics of normality (i.e., outliers, skewness, and kurtosis). Due
to the vast number of variables retained, it would be impractical to report on all statistics
for all variables. As such, refer to Figures 4.1.1a, 4.1.1b for what the researcher believes to
be a typical representation of normality and outliers for the physical activity variables and
4.1.1c and 4.1.1d for the physical capacity variables. The majority of the variables from
both datasets violated the assumption of normality, as exhibited in the below Q-Q plots.
The majority of the variables from both datasets also presented with multiple outliers, as
exhibited in the below box and whisker plots.
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Figure 4.1.1a. Q-Q plot for movement intensity of active time. This plot is
comparable to the majority of the other variable’s Q-Q plots.

Figure 4.1.1b. Plot of outliers for movement intensity of active time. This plot is
comparable to the majority of the other variable’s outlier plots.
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Figure 4.1.1c. Q-Q plot for 6 Minute Walk Test distance. This plot is comparable
to the majority of the other variable’s Q-Q plots.

Figure 4.1.1d. Plot of outliers for 6 Minute Walk Test Distance. This plot
is comparable to the majority of the other variable’s outlier plots.
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4.1.2 Clustering.
4.1.2a Physical Capacity Clustering. The Elbow Method recommended five
clusters for the capacity data. These five clusters explain 47% of variance in PC. From
these five clusters, the following representative variables were selected: time (in seconds)
taken to complete one complete sit-to-stand cycle at the participants’ fastest pace
(total_Dur), the mean (in mm) of the absolute of the vector of the AP and ML displacement
(displAn_Mean_VEC), the total distance walking (m) during the 6MWT (distance), the
mean power (watts) of the sit to stand transition (SitToStand_mean_pwr), and the total
flexion range (in degrees) of the trunk during the stand to sit transition
(StandToSit_flex_range). Descriptive statistics for the representative physical capacity
variables can be found below in Table 4.1.2a.
Table 4.1.2a
Descriptive statistics, presented in mean + standard deviations (SD), for the
representative physical capacity variables selected from the physical capacity clustering
model. Refer to section 4.2b for a description of each variable abbreviation.
STS
duration (s)

Displacement
(mm)

Total

1.99 + 0.47

8.63 + 4.03

Male

1.97 + 0.54

8.70 + 5.53

Female

2.00 + 0.44

8.60 + 3.35

6MWT
Distance
(m)
343.57 +
78.73
320.26 +
111.57
352.47 +
60.89

STS power
(W)

StandToSit flex
(degrees)

287.29 +
105.55
383.91 +
130.47
250.40 +
64.44

26.16 + 13.71
23.83 + 12.75
27.05 + 14.07

Refer to Table 4.1.2b for further characteristics of the representative variables and
Table 4.1c for inter-cluster correlations. Figure 4.1a depicts the hierarchical dendrogram
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created from the physical capacity variables, with a red line indicating a cut-off at the
optimal number of clusters.
Table 4.1.2b
Physical capacity clustering variable characteristics.
5 Clusters
Cluster
1
2
3
4
5

Variable
STS duration
Displacement
6MWT distance
STS power
StandToSit flex

R-squared with
Own Cluster
0.9354
0.8770
0.7350
0.8140
0.7452

Next Closest
0.0868
0.0362
0.0463
0.0366
0.1572

Ratio
0.0707
0.1276
0.2778
0.1931
0.3024

Table 4.1.2c
Inter-cluster correlations for physical capacity clusters.
Cluster
1
2
3
4
5
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1
1.0000
0.0769
0.2967
0.2921
0.2472

2
0.0769
1.0000
0.0617
0.0614
0.1128

3
0.2967
0.0617
1.0000
0.1309
0.1771

4
0.2921
0.0614
0.1309
1.0000
0.0567

5
0.2472
0.1128
0.1771
0.0567
1.0000

Figure 4.1.2a. Hierarchical clustering dendrogram for capacity variables (n = 61). Red
line indicates the cut-off based on k-means clustering (five clusters).
4.1.2b Physical Activity Clustering. The Elbow Method recommended five clusters
for the activity data. These five clusters explain 61% of variance. From these five clusters,
, the following representative variables were selected: the total duration (recorded in
seconds and reported in minutes) of standing, shuffling, cycling, and walking combined
(DUR_total_active), the average movement intensity (m/s 2) of shuffling periods
(MI_shuffling), the number of transitions from lying to standing (TRANSITIONS_lyst),
the total duration (recorded in seconds but reported in minutes) of walking periods greater
than 20 seconds (WALKING_dur_total_20), and the number of sitting and lying periods
combined (PERIODS_inactive). Descriptive statistics for the physical activity
representative variables are presented below in Table 4.1.2d.
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Table 4.1.2d
Descriptive statistics, presented in mean + standard deviations (SD), for the representative
physical activity variables selected from the physical activity clustering model. Refer to
section 4.1.2b for a description of each variable abbreviation.

Total
Male
Female

Active
duration
(min)
271.15 +
85.37
263.82 +
75.92
273.94 +
89.20

LyingStanding
(#)
5.07 + 3.35
4.37 + 2.04
5.33 + 3.71

Walking dur
> 20 sec
(min)
32.01 +
24.86
43.52 +
32.53
27.62 +
19.87

Inactive periods (#)
155.74 + 73.81
126.73 + 41.71
166.81 + 80.44

Movement
intensity
(m/s2)
36.09 +
54.72
37.17 +
55.54
35.68 +
54.90

Refer to Table 4.1.2e for further characteristics of the representative variables and
Table 4.1.2f for inter-cluster correlations. Figure 4.1.2b depicts the hierarchical
dendrogram created from the physical capacity variables with a red line indicating a cutoff at the optimal number of clusters.
Table 4.1.2e
Physical activity clustering variable characteristics.
5 Clusters
Cluster
1
2
3
4
5
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Variable
Active duration
Movement intensity
Lying-Standing
Walking dur > 20 sec
Inactive periods

R-squared with
Own Cluster
0.8430
0.9792
0.6973
0.8775
0.8837

Next Closest
0.3815
0.0155
0.0546
0.2030
0.0740

1-R2 Ratio
0.2538
0.0211
0.3202
0.0607
0.1255

Table 4.1.2f
Inter-cluster correlations for physical activity clusters.
Cluster
1
2
3
4
5

1
1.0000
0.0149
0.2655
0.5337
0.3471

2
0.0149
1.0000
0.0344
-0.0552
-0.1144

3
0.2655
0.0346
1.0000
0.0451
0.1629

4
0.5337
-0.0552
0.0451
1.0000
-0.0981

5
0.3471
-0.1144
0.1629
-0.0981
1.0000

Figure 4.1.2b. Hierarchical clustering dendrogram for activity variables (n = 54).
Red line indicates the cut-off based on k-means clustering (five clusters).
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4.1.3 Canonical Correlation Analysis
Initially, a correlation matrix was generated and graphed for the inter- and intracorrelations of capacity and activity (Figure 4.1.3).

Figure 4.1.3. Grid plot of the correlation between capacity and itself (X
correlation), activity and itself (Y correlation), and between capacity and activity
(Cross-correlation). Heat map represents the strength of association, ranging from
-1.0 (blue) to 1.0 (red).
Next, the canonical correlations were generated. The first (i.e., largest) canonical
correlation was 0.4611. The remaining canonical correlations, along with their R 2 and eigen
values, percent of variance explained, and the Wilks significance test results are presented
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in Table 4.1.3a. The coefficients for capacity variables are presented in Table 4.1.3b. and
the coefficients for the activity variables are presented in Table 4.1.3c
Table 4.1.3a
Descriptive statistics for the canonical correlation analysis model. Canonical correlations
and their R2 and eigen values are presented, followed by the percent (%) of variance
explained by each correlation and the cumulative variance, followed by the approximate
F value and the significance results (p value)* for Wilks test.
Canonical
Correlation

Canonical
R2

Eigen
Value

0.4611
0.2127
0.2701
0.3714
0.1379
0.1600
0.2438
0.0594
0.0632
0.1120
0.0126
0.0127
0.0060
0.0004
0.00034
*NOTE. Significant at p < .05

Percent of
Variance (%)
53.37
31.62
12.48
2.51
0.01

Cumulative
Variance
Explained
53.37
85.00
97.48
99.99
100.00

Approx. F

p value

1.31
0.97
0.57
0.22
0.002

.157
.492
.823
.928
.961

Table 4.1.3b
Coefficients for capacity variables for each canonical variate (denoted as X1, X2, X3, X4,
or X5).
Capacity Variables
STS duration
Displacement
6MWT Distance
STS power
StandToSit Flex
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X1
0.153
0.076
1.014
-0.072
-0.191

X2
0.208
0.096
-0.051
-0.247
0.831

Canonical Variates
X3
X4
0.804
0.660
0.077
0.409
-0.060
0.150
-0.507
0.766
-0.701
-0.349

X5
0.430
0.929
-0.095
-0.366
-0.067

Table 4.1.3c
Coefficients for activity variables for each canonical variate (denoted as X1, X2, X3, X4,
or X5).
Activity Variables
Active duration
Lying-Standing
Walking dur > 20 sec
Inactive periods
Movement intensity

X1
-0.002
0.144
0.387
0.226
0.988

X2
0.602
0.527
-1.128
-0.305
0.066

Canonical Variates
X3
X4
-0.625
-0.103
0.337
0.831
0.551
0.282
0.968
-0.696
-0.070
-0.191

X5
-1.069
-0.072
0.145
0.137
0.224

Due to the fact that the first canonical correlation presents the strongest relationship
and accounts for the largest amount of variability in the relationship, the first canonical
correlation has been depicted in a model for visual representation (Figure 4.1.3b).

Figure 4.1.3b. Model depicting the first canonical correlation between capacity and
activity. Model shows both the canonical correlation (r) and the amount of variability
accounted for by the model (R2). The coefficients/weights for each variable are presented
adjacent to their arrow. The significant contributors to the activity-capacity relationship
have been highlighted in green.
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4.2 Objective Two Results
4.2.1 Targeted Intervention Variables
Prior the commencement of the intervention, three variables were selected on which
to focus the goal-setting. The results for these three variables (step count, sitting time, and
active) are presented below as well as the CSEP guideline adherence and questionnaire
data for intervention participants.
4.2.1a Step count. A repeated-measures ANOVA was conducted to test for
significant differences in the mean step count between weeks one, two, and three, without
controlling for physical capacity. Mauchly’s test for Sphericity was conducted, and results
indicated that sphericity had been violated (W = 0.571, p = .002), thus degrees of freedom
were corrected using the Greenhouse-Geisser estimate of sphericity (ε = 0.70). Results
indicated a significant main effect for intervention week (F(2.86, 60.03) = 9.74, p = .002,
generalized η2 = .023). This equates to an effect size of 0.80 and a power of 0.98 (calculated
with G*Power 3.1.9.4). Post-hoc analyses using a Bonferroni correction demonstrated that
participants’ average daily step count significantly increased from week one to week two
(p < .001) and week one to week three (p = .002), but step count did not significantly differ
from week two to week 3 (p = .907). Participants’ average step count at baseline was 6541
(SD + 2740) and significantly increased to 7623 (SD + 2990) at week two and 7848 (SD
+ 3738) at week three. Refer to Table 4.2.1a and Figure 4.2.1a for means and standard
deviations across sex. Variability increased across weeks and appeared higher for female
step count as compared to male step count.
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Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in step count over the intervention. Physical
capacity was represented by their 6MWT distance, sit to stand duration, mean
displacement, sit to stand mean power, and stand to sit flexion range. A non-significant
regression equation was found (F(5, 17) = 1.293, p = .313), with an R 2 of .276. None of
6MWT distance (β = .381, p = .150), sit to stand duration (β = -.201, p = .638), mean
displacement (β = .206, p = .348), sit to stand mean power (β = -.174, p = .510), or stand
to sit flexion range (β = .268, p = .222) were found to be significant predictors.
Table 4.2.1a
Participants average daily step counts, mean + standard deviation (SD), for each week of
intervention: baseline (week 1), week 2, and week 3.
Group
Total
Male
Female
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Average Daily Step Count (mean + SD)
Week 1
Week 2
Week 3
6541 + 2740
7623 + 2990
7848 + 3738
6007 + 764
6880 + 1181
6780 + 1799
6776 + 3253
7949 + 3490
8314 + 4291

Intervention Week

Figure 4.2.1a. Average daily step count for male and female participants for week one
(WK_1), week two (WK_2), and week 3 (WK_3) of intervention.
4.2.1b Sitting time. A repeated-measures ANOVA was conducted to test for
significant differences in the mean sitting time (minutes) between weeks one, two, and
three, without controlling for physical capacity. Mauchly’s test for Sphericity was
conducted, and results indicated that sphericity had not been violated (W = 0.929, p = .478).
Results indicated the main effect of intervention week (F(2,42) = 1.51, p = .234, η 2 = .003)
was non-significant. Participants’ average daily sitting time (in minutes) at baseline was
548.83 (SD + 103.69), 533.43 (SD + 113.02) at week two, and 544.22 (SD + 106.43) at
week three. Refer to Table 4.2.1b and Figure 4.2.1b for means and standard deviations
across sex. Variability was similar across weeks but appeared higher for male sitting time
as compared to female sitting time.
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Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in sitting time over the intervention. Physical
capacity was represented by their 6MWT distance, sit to stand duration, mean
displacement, sit to stand mean power, and stand to sit flexion range. A non-significant
regression equation was found (F(5, 17) = 1.174, p = .362), with an R 2 of .257. None of
6MWT distance (β = .058, p = .822), sit to stand duration (β = .443, p = .091), mean
displacement (β = .260, p = .246), sit to stand mean power (β = .267, p = .323), or stand to
sit flexion range (β = .036, p = .869) were found to be significant predictors.
Table 4.2.1b.
Participants average daily sitting time (in minutes), mean + standard deviation (SD), for
each week of intervention: baseline (week 1), week 2, and week 3.
Group
Total
Male
Female
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Average Daily Sitting Time (minutes, mean + SD)
Week 1
Week 2
Week 3
548.83 + 103.69
533.43 + 113.02
544.22 + 106.43
561.71 + 126.52
544.43 + 157.26
539.00 + 139.04
543.19 + 96.20
528.63 + 93.61
546.50 + 94.14

Intervention Week

Figure 4.2.1b. Participants average daily sitting time (in minutes), mean + standard
deviation (SD), for each week of intervention: baseline (week 1), week 2, and week 3.
4.2.1c Active time. A repeated-measures ANOVA was conducted to test for
significant differences in the mean active time (minutes) between weeks one, two, and
three, without controlling for physical capacity. Mauchly’s test for Sphericity was
conducted again, and results indicated that sphericity had not been violated (W = 0.777, p
= .078). Results revealed there was a significant main effect for intervention week (F(2,
42) = 11.00, p < .001, η2 = .040). This equates to an effect size of 0.88 and power of 0.99
(calculated with G*Power 3.1.9.4). Post-hoc analyses using a Bonferroni correction
demonstrated that participants’ total weekly active time significantly increased from week
one to week two (p < .001) and week one to week three (p = .001), but active time did not
significantly differ from week two to week three (p = .560). Participants’ total weekly
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active time at baseline was 158.00 (SD + 132.46) and significantly increased to 215.91 (SD
+ 139.35) at week two and 235.65 (SD + 180.17) at week three. Refer to Table 4.2.1c. And
Figure 4.2.1c. for means and standard deviations across sex. Variability was high across
all three groups at week three, and overall, female active time presented with higher
variability as compared to male active time.
Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in weekly active time over the intervention.
Physical capacity was represented by their 6MWT distance, sit to stand duration, mean
displacement, sit to stand mean power, and stand to sit flexion range. A non-significant
regression equation was found (F(5, 17) = 1.304, p = .308, with an R2 of .277. None of
6MWT distance (β = .382, p = .148), sit to stand duration (β = .102, p = .681), mean
displacement (β = -.133, p = .543), sit to stand mean power (β = -.115, p = .661), or stand
to sit flexion range (β = .402, p = .073) were found to be significant predictors.
Table 4.2.1c
Participants’ total weekly active time (in minutes), mean + standard deviation (SD), for
each week of intervention: baseline (week 1), week 2, and week 3.
Group
Total
Male
Female
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Weekly Active Time (minutes, mean + SD)
Week 1
158.00 + 132.46
145.00 + 85.21
163.69 + 150.72

Week 2
215.91 + 139.35
216.57 + 95.83
215.63 + 157.50

Week 3
235.65 + 180.17
214.71 + 119.04
244.81 + 204.07

Intervention Week

Figure 4.2.1c. Weekly active time (in minutes) of male and female participants across
baseline (WK_1), week 2 (WK_2), and week 3 (WK_3) of the intervention.
4.2.1d Physical Activity Guidelines. As previously mentioned, CSEP recommends
that older adults engage in at least 150 minutes of MVPA each week, in bouts of at least
ten minutes or more, with a one-minute interruption allowed. The active time variable has
the same restrictions, meaning that anything recorded as active time by the MoveMonitor
can be considered within the CSEP guidelines. Following this, the number and percentage
of participants who met the CSEP guidelines were reported. During baseline (week one), a
total of 11 participants out of 23 (48%) reached at least 150 minutes of MVPA. During
week two, this value increased to 14 (61%), which further increased to 16 (70%) during
week three. Refer to Table 4.2.1d for number and percentage of participants who met the
guidelines across sex. Both the sample as a whole and females experienced an increase in
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the number of participants who met CSEP guidelines across all three weeks, while males
decreased from week two to week three.
Table 4.2.1d.
Number (n) and percentage (%) of sample who met the Canadian Society for Exercise
Physiologists guidelines of 150 minutes of moderate-to-vigorous physical activity for
each week of the intervention: baseline (week 1), week 2, and week 3.
Total, n (%)
Male, n (%)
Female n (%)

Week 1
11 (48)
4 (57)
7 (44)

Week 2
14 (61)
6 (86)
8 (50)

Week 3
16 (70)
5 (71)
10 (62.5)

4.2.1e Questionnaire data. Immediately following goal-selection, participants
were asked to rate, from 0 to 100, how confident they were in their ability to meet their
goals over the two-week intervention. Responses ranged from 40.30 to 100, with an
average score of 75.95 (SD + 17.31). At the end of the intervention, participants were also
asked to rate the extent to which the goals influenced their weekly activities on a scale from
0 to 100. Participant answers ranged from 0 to 100, with an average influence of 68.54%
(SD + 25.16). Participants were also administered four subscales of the Intrinsic
Motivation Inventory (IMI). The mean scores (and standard deviations) are presented
below in Table 4.2.1e. Variability appeared higher for the Value/Usefulness and
Effort/Importance subscales, and within these subscales females presented with larger
variability compared to the males.
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Table 4.2.1e.
Intrinsic Motivation Inventory scores, mean + standard deviation (SD), for intervention
participants for each subscale: Perceived competence, Effort/Importance, Perceived
choice, Value/Usefulness. The highest possible score for each subscale is seven.
Group
Male
Female
Total

Perceived
competence
5.00 + 0.87
5.73 + 0.73
5.59 + 0.86

Subscale scores (mean + SD)
Effort/
Perceived
Importance
choice
4.77 + 1.10
6.35 + 0.54
5.65 + 1.43
6.71 + 0.39
5.48 + 1.39
6.63 + 0.45

Value /
Usefulness
6.1 + 0.70
6.16 + 1.47
6.18 + 1.28

4.2.2 Clustering Variables
As reported above, differences across intervention weeks were explored for step
count, sitting time, and active time. These were the originally selected variables based on
previous literature and proposed benefits of improvement. However, the cluster results
were used to identify additional variables of interest. Further analyses were then completed
to evaluate whether there were any significant differences across intervention weeks in any
of the five physical activity variables selected from the clustering model. Results for the
cluster-selected variables are presented below.
4.2.2a Inactive Periods. A repeated-measures ANOVA was conducted to test for
significant differences in the mean number of inactive periods between weeks one, two,
and three, without controlling for physical capacity. Mauchly’s test for Sphericity was
conducted, and results indicated that sphericity had not been violated (W = 0.954, p = .626).
Results indicated there was no significant main effect for intervention week (F(2,42) =
0.07, p = .930, η2 < .001). Participants’ average number of inactive periods at baseline was
133.57 (SD + 54.24), 135.70 (SD + 64.43) at week two, and 134.16 (SD + 55.29) at week
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three. Refer to Table 4.2.2a and Figure 4.2.2a for means and standard deviations across
sex. Variability appeared consistent across weeks and groups.
Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in number of inactive periods over the
intervention. Physical capacity was represented by their 6MWT distance, sit to stand
duration, mean displacement, sit to stand mean power, and stand to sit flexion range. A
non-significant regression equation was found (F(5, 17) = ,411, p = .835), with an R 2 of
.108. None of 6MWT distance (β = .219, p = .515), sit to stand duration (β = -.009, p =
.973), mean displacement (β = -.222, p = .364), sit to stand mean power (β = .243, p =
.410), or stand to sit flexion range (β = -.065 p = .786) were found to be significant
predictors.
Table 4.2.2a
Participants’ average number of inactive periods per day, mean + standard deviation
(SD), for each week of intervention: baseline (week 1), week 2, and week 3.
Group
Total
Male
Female
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Number of Inactive Periods (mean + SD)
Week 1
Week 2
Week 3
133.57 + 54.24
135.70 + 64.43
134.16 + 55.29
117.73 + 53.08
120.57 + 55.43
117.36 + 45.57
140.49 + 53.51
142.32 + 64.38
141.51 + 57.70

Intervention Week

Figure 4.2.2a. Average number of inactive periods per day for male and female participants
across baseline (WK_1), week two (WK_2), and week three (WK_3).
4.2.2b Active Duration. A repeated-measures ANOVA was conducted to test for
significant differences in the mean duration of active time (minutes) between weeks one,
two, and three, without controlling for physical capacity. Mauchly’s test for Sphericity was
conducted, and results indicated that sphericity had not been violated (W = 0.962, p = .684).
Results indicated there was no significant main effect for intervention week (F(2,42) =
1.56, p = .223, η2 = .003). Participants’ average time (in minutes) spent in active time at
baseline was 1805.72 (SD + 685.57), 1879.78 (SD + 597.45) at week two, and 1860.79
(SD + 131.83) at week three. Refer to Table 4.2.2b and Figure 4.2.2b for means and
standard deviations across sex. Variability was much lower for the sample as a whole at
week three, much lower for males at week one, and was relatively consistent across weeks
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for females. Additionally, female active duration appears to have much higher variability
than male active duration across all three weeks.
Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in active duration over the intervention.
Physical capacity was represented by their 6MWT distance, sit to stand duration, mean
displacement, sit to stand mean power, and stand to sit flexion range. A non-significant
regression equation was found (F(5, 17) = .562, p = .728), with an R 2 of .142, None of
6MWT distance (β = .145, p = .605), sit to stand duration (β = .052, p = .848), mean
displacement (β = .200, p = .402), sit to stand mean power (β = .159, p = .579), or stand to
sit flexion range (β = .-.247, p = .298) were found to be significant predictors.
Table 4.2.2b
Participants’ average time (minutes) spent in active time, mean + standard deviation (SD),
for each week of intervention: baseline (week 1), week 2, and week 3.
Group
Total
Male
Female
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Total minutes of active time (mean + SD)
Week 1
Week 2
Week 3
1805.72 + 685.57
1879.78 + 597.45
1860.79 + 131.83
1552.45 + 53.08
1655.49 + 398.23
1628.18 + 256.51
1916.53 + 729.53
1977.91 + 652.91
1962.56 + 723.64

Intervention Week

Figure 4.2.2b. Total weekly active duration (shuffling, standing, and walking), of male and
female participants across baseline (active_dur_wk_1), week two (active_dur_wk_2), and
week three (active_dur_wk_3).
4.2.2c Walking Duration in Bouts Greater than 20 Seconds. A repeated-measures
ANOVA was conducted to test for significant differences in the mean walking duration in
bouts greater than 20 seconds (minutes) between weeks one, two, and three, without
controlling for physical capacity. Mauchly’s test for Sphericity was conducted, and results
indicated that sphericity had been violated (W = .301, p < .001), thus degrees of freedom
were corrected using the Greenhouse-Geisser estimate of sphericity (ε = 0.59). Results
revealed a significant main effect for intervention week (F(6.64, 139.5) = 26.55, p < .001,
η2 = .186). This equates to an effect size of 0.87 (calculated with G*Power 3.1.9.4). Posthoc analyses using a Bonferroni correction demonstrated that participants’ total time spent
walking in bouts greater than 20 seconds significantly increased from week one to week
two (p < .001) and week one to week three (p = .001) but did not significantly differ from
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week two to week three (p = .300). Participants’ average daily time (minutes) spent walking
in bouts greater than 20 seconds at baseline was 26.05 (SD + 20.91) and significantly
increased to 61.36 (SD + 47.28) at week two and 67.41 (SD + 54.06) at week three. Refer
to Table 4.2.2c And Figure 4.2.2c for means and standard deviations across sex. Variability
was very high across all weeks and groups, and it increased across weeks but was similar
across sexes.
Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in daily time spent walking in bouts > 20
seconds over the intervention. Physical capacity was represented by their 6MWT distance,
sit to stand duration, mean displacement, sit to stand mean power, and stand to sit flexion
range. A non-significant regression equation was found (F(5, 17) = 1.473, p = .250), with
an R2 of .302. None of 6MWT distance (β = .424, p = .105), sit to stand duration (β = .065, p = .789), mean displacement (β = .167, p = .437), sit to stand mean power (β = -.019,
p = .940), or stand to sit flexion range (β = .278, p = .197) were found to be significant
predictors.
Table 4.2.2c
Participants’ total time (in minutes) spent walking in bouts of 20 seconds or greater, mean
+ standard deviation (SD), for each week of intervention: baseline (week 1), week 2, and
week 3.
Group
Total
Male
Female
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Total duration of walking in bouts of 20 seconds or greater (mean + SD)
Week 1
26.05 + 20.91
25.89 + 15.18
26.13 + 23.03

Week 2
61.36 + 47.28
57.29 + 41.10
63.14 + 49.81

Week 3
67.41 + 54.06
59.19 + 49.36
71.01 + 55.82

Intervention Week

Figure 4.2.2c. Total daily walking duration (in minutes) accumulated in bouts of 20
seconds or longer of male and female participants across baseline (WK_1), week 2
(WK_2), and week 3 (WK_3) of the intervention
4.2.2d Lying to Standing Transitions. A repeated-measures ANOVA was
conducted to test for significant differences in the mean number of lying to standing
transitions between weeks one, two, and three, without controlling for physical capacity.
Mauchly’s test for Sphericity was conducted, and results indicated that sphericity had been
violated (W = .711, p < .033), thus degrees of freedom were corrected using the
Greenhouse-Geisser estimate of sphericity (ε = 0.78). Results indicated there was no
significant main effect for intervention week (F(2.56, 53.84) = 0.60, p = .555, η 2 = .006).
Participants’ average number of lying to standing transitions per day at baseline 4.93 (SD
+ 4.46), 4.39 (SD + 2.96) at week two, and 5.14 (SD + 4.25) at week three. Refer to Table
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4.2.2d and Figure 4.2.2d for means and standard deviations across sex. Variability was
high across all groups and all weeks.
Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in number of lying to standing transitions over
the intervention. Physical capacity was represented by their 6MWT distance, sit to stand
duration, mean displacement, sit to stand mean power, and stand to sit flexion range. A
non-significant regression equation was found (F(5, 17) = .511, p = .764), with an R 2 of
.131. None of 6MWT distance (β = .036, p = .899), sit to stand duration (β = .139, p =
.609), mean displacement (β = -.104, p = .661), sit to stand mean power (β = .366, p =
.214), or stand to sit flexion range (β = -.092, p = .695) were found to be significant
predictors.
Table 4.2.2d
Participants’ average daily number of lying to standing transitions, mean + standard
deviation (SD), for each week of intervention: baseline (week 1), week 2, and week 3.
Group
Total
Male
Female
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Number of transitions from lying to standing (mean + SD)
Week 1
Week 2
Week 3
4.93 + 4.46
4.39 + 2.96
5.14 + 4.25
4.47 + 2.53
4.83 + 3.43
4.59 + 2.97
5.13 + 5.07
4.19 + 2.72
5.38 + 4.70

Intervention Week

Figure 4.2.2d. Average daily number of lying to standing transitions of male and female
participants across baseline (WK_1), week 2 (WK_2), and week 3 (WK_3) of the
intervention.
4.2.2e Movement Intensity of Active Time. A repeated-measures ANOVA was
conducted to test for significant differences in the mean movement intensity of active time
(m/s2) between weeks one, two, and three, without controlling for physical capacity.
Mauchly’s test for Sphericity was conducted, and results indicated that sphericity had been
violated (W = 0.321, p < .001), thus degrees of freedom were corrected using the
Greenhouse-Geisser estimate of sphericity (ε = 0.60). Results indicated a significant main
effect for intervention week (F(3.33, 70) = 297.57, p < .001, generalized η 2 = .802). This
equates to an effect size of 3.88 (calculated with G*Power 3.1.9.4). Post-hoc analyses
using a Bonferroni correction demonstrated that participants’ average movement intensity
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of active time significantly increased from week one to week two (p < .001) and week one
to week three (p < .001) but did not significantly differ from week two to week three (p =
.999). Participants’ baseline movement intensity (m/s 2) of time spent active was 113.71
(SD + 22.61) and significantly increased to 850.78 (SD + 182.97) at week two and 858.22
(SD + 212.92) at week three. Refer to Table 4.2.2e and Figure 4.2.2e for means and
standard deviations across sex. Variability was similar across sex but was higher for weeks
two and three compared to week one.
Multiple linear regression analysis was used to test if participants’ physical capacity
significantly predicted participants' change in movement intensity of active time over the
intervention. Physical capacity was represented by their 6MWT distance, sit to stand
duration, mean displacement, sit to stand mean power, and stand to sit flexion range. A
non-significant regression equation was found (F(5, 17) = .322, p = .210), with an R 2 of
.322. None of 6MWT distance (β = .412, p = .110), sit to stand duration (β = -.143, p =
.551), mean displacement (β = .201, p = .345), sit to stand mean power (β = -.001, p =
.997), or stand to sit flexion range (β = .226, p = .284) were found to be significant
predictors.
Table 4.2.2e
Participants’ average daily movement intensity ( m/s2) of time spent active, mean + standard
deviation (SD), for each week of intervention: baseline (week 1), week 2, and week 3.
Group
Total
Male
Female
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Movement Intensity (m/s2) of time spent active (mean + SD)
Week 1
113.71 + 22.61
111.25 + 26.05
114.79 + 21.79

Week 2
850.78 + 182.97
818.29 + 177.59
865.00 + 189.14

Week 3
858.22 + 212.92
803.29 + 200.77
882.25 + 219.87

Intervention Week

Figure 4.2.2e. Average daily movement intensity (m/s2) of time spent active of male and
female participants across baseline (WK_1), week 2 (WK_2), and week 3 (WK_3) of the
intervention
4.3 Summary
4.3.1. Objective 1.


Through both logical appraisal and correlation analyses, the number of
MoveMonitor variables was reduced from 193 to 69 and the number of MoveTest
variables were reduced from 113 to 50.



The majority of both the capacity and the activity variables presented as non-normal
with outliers.



Clustering led to the selection of five representative variables for each of the
capacity and activity datasets.



Canonical correlation analysis produced five canonical correlations, the highest of
which was 0.461. None of the canonical correlations were significant.
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o One must fail to reject the null-hypothesis, that there would be no
relationship between physical capacity and physical activity of communitydwelling older adults.
4.3.2 Objective 2.


Across the sample there were significant increases in daily step count, weekly
active time, movement intensity of active time, and total duration of walking in
bouts greater than 20 seconds.
o The null-hypothesis, that there would be no improvement in physical
activity following the three-week goal-setting intervention, may be rejected.



Across the sample, there were no significant changes in daily sitting time, number
of inactive periods, lying to standing transitions, or duration of active time.
o One must fail to reject the null-hypothesis, that there would be no significant
decrease in sedentary behavior following the three-week goal-setting
intervention.



None of the physical capacity variables selected from clustering were found to be
significant predictors of change across any of the observed physical activity
variables.
o One must fail to reject the null-hypothesis, that physical capacity would not
be a significant predictor of change within the three-week goal-setting
intervention.
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5. Discussion
5.1 Objective 1
5.1.1 Data reduction.
Prior to exploring the parameters that make up capacity and activity, and examining
the relationship between them, variable reduction was completed due to the vast number
of variables produced by both the MoveTest and MoveMonitor. The pre-existing database
allowed for this to occur. Additionally, when merged with the intervention participants, a
sample pertaining to physical capacity and physical activity of community-dwelling older
adults was generated. This will provide a database from which typical data can be
referenced for various mobility-related variables, as well, it provided more power for
statistical analyses.
As mentioned previously, both the capacity and activity datasets underwent a
reduction of approximately 60 percent. The majority of the variables were removed due to
high correlations (> 0.80) with other variables. This reduced the risk of multicollinearity
within the dataset when moving forward with statistical analyses. Moreover, it eliminated
redundant information, which would only serve to increase processing time and variability.
Additionally, when exploring the variables, there were several cases of “repeat-variables”,
where the exact same information was presented but coded under a different name. For
example, “steps” was the exact same information as “PROactive steps” and
“WALKING_steps.” As a result, two of them were eliminated to further reduce the workload. Several other similar cases of repetitiveness were found. This indicates that perhaps,
the output for the MoveTest and MoveMonitor need not be so large and comprehensive.
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Rather, it could focus on fewer, select variables, deemed important by this and other
research.
Another benefit of exploring and reducing the datasets was the identification of
parameters that do not explain much variability within the sample. For example, every
participant received 1/1 for their side-by-side balance test score. Low variability indicates
that very little information could be provided from this variable, thus it was removed from
consideration. As previously mentioned, however, some variables were not considered in
the present analysis but were not completely disregarded either. Consider the number of
stops made in the 6MWT, for example. While this value was zero for 99 percent of the
present sample, this might change if future research investigates more frail populations, for
example those who use a walking aid. Therefore, its consideration should not be completely
disregarded prior to initial investigation with each population.
Following the comprehensive evaluation of both the capacity and activity datasets,
further investigations provided greater insight into the selected variables. This included
reviewing normality (including skewness and kurtosis) and outliers for each variable. The
sample presented with a large number of outliers, both multivariate, and within each
individual variable. As discussed in the data-analysis section, the outliers were retained.
Due to the strict testing regiment and reliability of the sensors, it was believed that all data
generated was a valid and accurate representation of older adult capacity and activity.
Moreover, it would have been unwise to remove these outliers before combining the preexisting data with the intervention data as it may limit the data under consideration. In fact,
as a result of doing so, the participants who were initially outliers were no longer classified
as such, further justifying the maintenance of their data.
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Interestingly, almost every variable presented as non-normal. This was typically a
result of extreme leptokurtism or extreme positive skewness caused by one or two outlying
participants. As the pre-existing dataset was smaller than the combined one, these outliers
were more influential. However, normality is not often seen when assessing real-life data,
and the majority of statistical analyses are equipped for dealing with such violations,
especially with a sample size as large as this one (UNB Mathematics & Statistics, 2019).
The exploration and data-reduction of this pre-existing sample served to highlight
just how complex the capacity-activity relationship is and how many different variables
may be used to define it. The data reduction was an important first step that allowed for the
further exploration of the capacity-activity relationship. This information will contribute to
a better understanding of physical capacity and physical activity of older Canadians, which
will, in turn, lead to a better understanding of how to improve/maintain mobility levels of
older adults.
5.1.2 Clustering.
Clustering was completed in order to facilitate a more extreme variable reduction.
Refer to section 4.1.2 for the list of capacity and activity variables selected. The clustering
results served to inform on which physical capacity and physical activity variables should
be measured and investigated and whether the variables that were deemed important in this
study were comparable to those within the literature. For example, if one considers the PC
variables selected from clustering, they appear to make sense after logical appraisal as
walking, balance, and sit-to-stand motions are all accounted for. 6MWT distance is also a
variable that is commonly reported and used and has been correlated with several important
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outcomes such as ability to ambulate within the community and mortality (Harada, Chiu,
& Stewart, 1999; Casanova et al., 2011). There is also a relationship between fall risk and
centre of pressure balance measures, such as displacement (Roman-Lui, 2018). For
example, research indicates that sway, in particular in the mediolateral direction, was the
single best predictor of future falling (Maki, Holliday & Topper, 1994), and that older
individuals with increased sway were two to three times more prone to falls than those with
lower sway (Melzer, Benjuya, & Kaplanski, 2004). Additionally, Van Lummel, Evers,
Niessen, Beek, and Van Dieen (2018) report that both longer STS duration and larger
flexion range have been associated with weaker subjects (i.e., lower handgrip strength),
and STS power is considered a marker of frailty and to be more important than strength in
maintaining functional capacity (Lindemann et al., 2003). It is clear from these evaluations
that the selected variables are providing valuable clinical information, and this is supported
by their use in the literature.
A similar analysis may be completed for the PA cluster variables. At the beginning
of the intervention, three variables were selected on which to focus the goal-setting: sitting
time, step count, and active time. While extensive research was done to justify the selection
of these variables and their importance, there is always a concern of reusing variables such
as these simply due to habit and precedent. However, the clustering seems to support the
selection of these variables, to some extent. For example, the significance of measuring
step count has been questioned, because although it has been inversely related to several
health conditions, such as hypertension, metabolic disease, and obesity (Sisson et al., 2010;
Inoue et al., 2012, Bravata et al., 2007), it provides only volume-based information (as
opposed to frequency or duration) and is not comparable to current physical activity
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guidelines (Pillay et al., 2014). It is easy to question whether one is measuring step count
simply because it is what has been done in the past, or because there is a legitimate reason
for doing so. However, the physical activity clustering model appears to provide support
for the continued use of step count as measure of physical activity. Consider total duration
of walking in bouts greater than 20 seconds (walking > 20 seconds). This variable was
chosen from its cluster to be the representative variable. This means that it is highly
correlated with the other variables in its own cluster but has the lowest correlation with the
others. In other words, walking > 20 seconds summarized the information being told from
its own cluster while also sharing different information about the dataset than the other
clusters do. This variable has a very large and positive correlation (r = .92) with steps per
day, indicating a strong relationship between the two. In fact, step count had the next lowest
1-R2 value, making it the second choice for a representative variable in the cluster.
Moreover, when running repeated measures ANOVAs, both step count and walking > 20
seconds significantly increased from week one to weeks two and three. From this, one can
infer that they are synonymous. This provides support for the use of step count as a measure
of physical activity.
Another variable that was manipulated throughout the intervention was participants’
weekly active time. As previously mentioned, this was a measure of time spent engaging
in MVPA in bouts > 10 minutes. Participants had to engage in at least 150 active minutes
each week in order to meet CSEP guidelines. While none of the guideline specific variables
were chosen a movement intensity variable (MI_active) was selected. While the
classification of movement intensity was not measured in METs per say, it is the precursor
information McRoberts used to calculate METs, which are then used to define the
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classifications of light, moderate, and vigorous physical activity used by CSEP. In other
words, movement intensity of activity time is transformed into the METs for active time,
meaning higher values indicate higher intensity for both. The discrepancy between the two
variables lies in two factors. First, weekly active time is only measured when an activity of
the moderate to vigorous intensity lasts for at least 10 minutes, whereas movement intensity
consists of all intensities and all durations. Additionally, movement intensity only
considers locomotion-based activities, meaning that other activities that do not fall into one
of these classifications may not be properly measured (e.g., weight-lifting or swimming).
However, despite the differences, movement intensity of time spent active and weekly
active time still have a strong, positive correlation (r = .50). Additionally, similar to step
count and walking duration > 20 seconds, similar results from the repeated measures
ANOVA appear, as both variables presented with a significant increase from week one to
weeks two and three. The alignment in the information provided from the variables once
again provides support for the measurement of intensity of physical activity in some
manner.
While total duration of sitting was not selected, the number of inactive periods was,
highlighting the importance of sedentary behavior. However, this also suggests that
perhaps the focus should not be solely on sitting duration but on number of sedentary
periods as well. This aligns with previous research, as several studies have indicated that
not only total duration of sedentary behaviours, but the pattern in which it is accumulated
– whether it is several short bouts or fewer longer bouts – contributes to negative health
outcomes. For example, Diaz et al. (2017) found that, when total sitting duration remained
the same, participants who kept bouts fewer than 30 minutes (and thus had a greater number
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of sitting periods), as opposed to 60 or 90 minutes, had the lowest risk of death. Similarly,
Benatti and Reid-Larsen (2015) conducted a literature review and reported that breaking
up sitting bouts (again, increasing the number of sitting periods) led to favourable
improvements in metabolic outcomes across different groups (e.g., physically inactive and
diabetic). Additionally, results of the repeated-measure ANOVA were congruent for total
duration of sitting time and number of inactive periods as there was no significant change
in either.
Interestingly, although there was a significant increase in movement intensity of
active time and weekly active time minutes, there was no significant changes in total
duration of active time. This is the total duration of time spent standing, walking, cycling,
stair-walking, and shuffling each day. While there are no intensity restrictions placed on
this variable, it emphasizes the importance of movement, as opposed to sedentary
behaviour. There is a large, positive correlation (r = 0.50) between total daily active
duration and weekly active time, thus it appears incongruent to not see a significant change
in this as well; however, when further explored, it is plausible. One might assume that
participants would replace sitting time with physical activity in order to meet their
goals/guidelines. However, it is known that the duration of their activity remained the
same, but the intensity increased instead. This would account for the increase in weekly
active time as well since these behaviors had to be at least moderate to vigorous physical
activity. In other words, it appears that instead of spending less time sitting and more time
being active, participants instead increased the intensity of their active time in order to meet
the guidelines.
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The last physical activity variable selected from the clustering model was the number
of lying to standing transitions. This was an unexpected result, as one would assume the sit
to stand transition would be more important. Afterall, sit to stands are commonly used as
a measure of lower leg strength and power (Bohannon, Bubela, Magasi, Wang, & Gershon,
2015) and within our sample was the most frequently observed transition. The literature on
lying to standing transitions is greatly lacking as studies reporting on transitions focus
heavily on sit to stand. However, lying to standing transitions would still give insight into
the mobility level of participants at home, and given the appropriateness of the other
representative variables, perhaps it warrants further investigation in future research.
As these variables were deemed “important” by the clustering model, and the
majority of them seemed comparable to the literature, analyses were also completed to
determine whether any significant changes appeared in these PA variables (in addition to
the initially selected step count, sitting time, and active) over the course of the intervention.
5.1.2a Movement intensity of active time.
Participants had an average active movement intensity of 113.71g (SD + 22.61).
While there is no current literature on movement intensity, as measured in this manner, this
variable is the precursor to MET values, meaning higher is better. That is why it was seen
as beneficial when the goal-setting intervention significantly increased participants’ active
time movement intensity by 744.5g (or an 87% increase) from week one to week three.
However, there were no significant changes observed from week two to week three. The
possible reasons for this will be discussed later in section 5.2.2e. As the movement intensity
values increased after week one, so did the variability associated. Again, since there are no
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reference values in the literature, statements about the variability are limited, other than to
say it was consistent across sexes and relatively comparable from week two to three.
5.1.2b Walking Duration in bouts > 20 seconds.
At baseline, participants were averaging 26 minutes of walking (SD + 20.91)
throughout the day created by the accumulation of bouts at least 20 seconds long. That is
not to say that participants were walking only 26 minutes a day, but rather any walking that
occurred in bouts less than 20 seconds were not considered in this definition. Again, this
variable is not reported within the literature, so comparisons cannot be made. However,
participants were able to significantly increase their walking duration in bouts of 20
seconds or longer by 41.36 minutes (or an increase of 61 percent) from week one to week
three. Although 20 seconds is a relatively short bout, this could be a particularly important
finding as some research suggests that walking in longer bouts can lead to different health
benefits when compared to those walking for the same duration accumulated in shorter
bouts. For example, Serwe and colleagues (2010) conducted a study comparing participants
in long-bout (LB) and short-bout (SB) groups to a control group. Although both groups
significantly increased their step count as compared to the control group, only the LB group
experienced significant increases in 6MWT distance and significant decreases in waist
circumference. While these groups were comparing bouts of 30 minutes to three, tenminute bouts, it is possible that the results may be extrapolated to similar ratios (i.e., 20
second bouts as compared to 10 second bouts). However, it should also be noted that
variability within this measure was high across all weeks and all groups. This is surprising,
as total daily walking time, which might be considered a comparable measure, does not
typically present with such high variability (Lord et al., 2011; Fitzsimons et al., 2013,
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Lewis et al., 2016). Future work should evaluate if the high variability is a result of the
sample, or whether the variable itself is highly variable. This should be done through the
further evaluation of 20 second walking bouts in community-dwelling older adults.
5.1.2c Inactive periods.
At baseline, participants were averaging 133.57 (SD + 54.24) inactive periods per
day. There were no significant changes as a result of the intervention. Variability also
remained consistent across weeks and groups. As this variable is a combination of both
sitting and lying periods, it is not reported within the literature, so direct comparisons
cannot be made. However, using the pre-existing data as reference, the majority of inactive
periods are a result of sitting, as compared to lying. Thus, for comparison purposes this
may be considered synonymous to sitting periods. Van Schooten and colleagues (2018)
reported on the number of sitting periods and found an average of 138 (SD + 6) bouts for
those who fell in the 71 – 80 years of age category (as the average age of the present sample
does). While the means are remarkably similar, the present study’s sample presented with
much higher variability. Again, due to the lack of comparable data, future research should
investigate which level of variability may be expected in similar populations. However, it
should also be noted that Van Schooten and colleagues had a sample size approximately
four times greater than the current research, so it is possible that this number of participants
lead to a stabilization of the data, thus reducing variability.
5.1.2d Lying to standing transitions.
At baseline, participants were averaging almost five lying to standing transitions
per day (M = 4.93 + 4.46). There were no significant changes in this measure throughout
the course of the intervention. Variability, though consistent across groups and weeks, was
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very high. Unfortunately, as mentioned above in the previous discussion of the clustering
results, lying to standing transitions are not reported within the literature, meaning
comparisons on averages and variability cannot be made. Future work should consider the
lying to standing transition, however, as this transition may lead to a rapid decrease in
blood pressure, or, orthostatic hypertension (OH; Mol et al., 2018). OH is a prevalent
condition in older adults and is associated with both falls and impaired physical
performance (Mol et al., 2018). In other words, lying to standing transitions may lead to
important, fall-predictive information.
5.1.2e Active Duration.
At baseline, participants were spending an average of 1805.72 (SD + 685.57)
minutes per week (approximately 30 hours) active (i.e., not sitting or lying). This equates
to approximately 4.2 hours per day spent standing or in locomotion. There were no
significant changes as a result of the intervention. This definition of “active” is one that is
not observed in the literature. Research tends to report on each activity (e.g., walking or
standing) individually, making comparisons difficult. Variability for this measure was
quite sporadic. Males presented with the lowest variability, by far, at week one, while the
sample as a whole had lower variability at week three. Additionally, females presented
with substantially higher variability than the males across all three weeks. This could be
due to the fact that there were more females than males in the study. More participants may
lead to more noise in the data, and the sample size likely is not yet large enough to reach
stability. Future studies should investigate active time by this definition to determine
whether this sample is comparable to others of similar age and health status.
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5.1.3 Exploring the capacity-activity relationship through CCA.
Canonical Correlation Analysis (CCA) was completed to examine the relationship
between PC and PA. The largest canonical correlation was a positive, moderate 0.4116.
This is similar to the values found by Van Lummel and colleagues report (2015), where
PC had moderate correlations (r = -0.29 to 0.68) with various measures of PA (e.g., mean
duration of locomotion). However, Wilks test identified this as a non-significant
correlation, meaning there was no relationship between PC and PA. As a result of the nonsignificant p values, one must fail to reject the null hypothesis and conclude that there is
no relationship between the latent variables of capacity and activity as represented by the
variables used in this study, whereas Van Lummel and colleagues (2015) have concluded
that PC and PA are interrelated domains, and others have found a direct relationship
between physical activity levels and physical capacity (Brach, Simonsick, Kritchevsky,
Yaffe, & Neman, 2004; Santos et al., 2012; Stenholm et al., 2015).
The results of this study indicated that there was no relationship between capacity
and activity. Although this appears contradictory to previous research, this study was novel
as it provides a sample of general population, community-dwelling older adults. Unlike
previous research that has explored the interrelation between PC and PA (Koolen et al.,
2019; Van Lummel et al., 2015), individuals with walking aid and atypical gait patterns
were purposefully excluded, meaning that anyone with a mobility impairment was likely
also excluded. Therefore, it is unsurprising that the participants presented with what may
be subjectively labelled as good capacity. In fact, on average, participants met the criteria
for independent community ambulation (Harada, Chiu, & Stewart, 1999) by walking at
least 332 meters (343.57 + 78.73m) at a speed approximately 1.33 m/s (1.28 + 0.32 m/s).
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This likely would not have occurred had participants who used mobility aids been included.
Additionally, SPPB scores of participants in this study ranged only from 7 – 12 with an
average of 11.3. This is much higher than what is typical of this age group, as Kasper et al
(2012) reported an average score of 9.0 for those 70 – 74. Moreover, only six participants
were unable to complete the full ten-second single-leg stand, and no one was unable to
complete the five STSs without the use of their arms. So although the results of the present
research are different, this makes sense as it was aiming to report on a different population.
Moreover, PC and PA were defined differently in this study, as a result of extensive data
reduction and analysis. This study was able to establish a baseline for comparison of the
interrelationship between capacity and activity when expressed by these variables.
However, it would be worthwhile investigating other clinical populations, such as those
with COPD or perhaps Parkinsons Disease, as we expect that the relationship would
change.
Alternatively, the results of the CCA are congruent with the results of the linear regression
within the present research. Had a significant relationship between capacity and activity
been found, then it would stand to reason that capacity would have influenced participants’
ability to improve/change during the intervention. For example, having lower capacity
would have led to lower improvements in PA. However, none of the capacity variables
selected from the clustering model were significant predictors of changes in any of the
physical activity variables. In other words, ones’ physical capacity did not influence ones’
change in the physical activity intervention, for better or otherwise. These results are
reasonable if there is, in fact, no relationship between capacity and activity.
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There are a few possible reasons as to why this study found no relationship between
capacity and activity. First, while best efforts were made to consider as many variables as
feasible, it is possible that through the reduction and selection of the five capacity and the
five activity variables, information that was important to the capacity-activity relationship
was excluded. This is to be expected, as data reduction almost always comes with
information loss to some extent. Future studies should explore the different variables, and
the numerous combinations that can be made with them, in order to find the set of variables
that best describes capacity and activity, and then the relationship between the two
constructs may be further explored. Stated alternatively, it is possible that the nonsignificant results found in the present study are a result of not selecting the best variables
by which to represent these complex constructs. This could be due to the statistical methods
used, and future studies should explore alternative approaches to compare and contrast the
results.
Despite the fact that the first canonical correlation was non-significant, it is still worthwhile
considering as it explained approximately 21 percent of the variability of the capacityactivity relationship. Interestingly, the variables that had the maximal contribution to the
capacity-activity relationship are ones that are commonly seen in the literature. For
example, based on the coefficients, 6MWT distance is the biggest contributor from the
physical capacity variate to the activity-capacity relationship. This is unsurprising given
the clinical value associated with the 6MWT distance. Futhermore, 6MWT distance is
commonly used in the literature. In fact, Koolen and colleagues (2019) allowed 6MWT
distance to represent participants’ physical capacity for their purposes of their “can do”
versus “do-do” quadrant. Given the weights from the CCA model, it appears that doing so
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was a justified decision on their part. The fact that the other capacity variables made such
a negligible contribution to the relationship suggests that perhaps they need not be focused
on as heavily as previously thought, in this population.
The physical activity results provide valuable information as well that is consistent with
the literature. Based on the coefficients, the most significant contributor from the physical
activity side of the relationship is movement intensity of active time. As previously
mentioned, this is the movement intensity of all non-sedentary behaviours and is the
precursor for the calculation of MET values. In other words, the intensity of non-sedentary
behaviours is the number one contributor to the capacity-activity relationship. Although,
as discussed earlier, this variable does not include all possible activities that may be
contributing to non-sedentary behaviours (e.g., swimming, weight-lifting, etc…), it may
be considered analogous to the light, moderate, and vigorous categories of physical activity
which are considered by CSEP in their guidelines. However, the actual guideline variables
did not appear (e.g., minutes of moderate PA). It is possible that time spent in each category
is not as important as overall/total intensity reached throughout the day. Future studies
should work to explore the different information these two types of variables can provide.
Overall, however, it appears promising that intensity of activity is being investigated in the
literature and also appeared in this study as a significant contributor to the capacity-activity
relationship.
Similarly, the next largest contributor, and only other contributor from the physical
activity side, was total duration of walking in bouts greater than 20 seconds. It is known
from previous discussion of the present study’s clustering results that this variable is so
highly correlated with step count one may assume they are interchangeable. Step count is
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perhaps the most commonly reported measure of physical activity in the literature. The
quadrant work referenced above by Koolens and colleagues (2019) used step count as their
only measure of physical activity. Initially, this appeared to be ignorant, but the results of
this study, from both the clustering and the CCA models, helps to support their decision. It
appears that step count/walking is an important contributor to the capacity-activity
relationship, one that should remain under investigation; however, as it was not the biggest
contributor, research should focus on more than just step count as a representation of
physical activity.
While the results from the CCA make logical sense and appear to support previous
literature, it must be re-stated that the CCA did not find a significant capacity-activity
relationship, thus all discussions pertaining to are associated with this caveat. Additionally,
as the CCA model seeks to maximize the relationship between capacity and activity, it
must be acknowledged that the coefficients for the variables are manipulated in order to do
so, thus this may also influence the interpretation of the results.
5.2 Intervention
5.2.1. Step count.
Participants had an average daily step count of 6541 (SD + 2740) at baseline. While
this value is a bit higher than some previously reported data (Lord et al., 2011; Rowe,
Kemble, Robinson, & Mahar, 2007; Croteau, Richeson, Farmer, Jones, 2007), and a bit
lower than others (Fitzsimons et al., 2013), it falls within the average range of 6000 – 8500
steps/day that can be expected from healthy older adults (Tudor-Locke et al., 2011).
Following the graduate step index, proposed by Tudor-Locke and Bassett (2004), the
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present sample falls into the “somewhat active” category (5000 – 7499 steps/day). Female
daily step count appeared to be more variable than male daily step count, and week three
presented with the highest variability. However, compared to the previously cited
literature, males presented with standard deviations much lower than those seen within the
literature (Lord et al., 2011; Rowe et al., 2007; Fitzsimons et al., 2013). Again, higher
variability may be due to a larger number of female participants, as there is more
information being provided by the females. Another possibility is the gendered activities
that women participate in on a daily basis. For example, when completing the PASE, every
woman answered “yes” when asked about participation in household chores, such as
vacuuming, and laundry, whereas men almost always answered “no.” This is consistent
with previous research, which supports the unequal division of labor in the household
(Cerrato & Cifre, 2018). Women’s step count is likely largely composed of steps from
these ADLs, thus as these activities and chores vary day-to-day, as does their step count,
whereas men’s activities may remain more consistent. Overall, however, the goal-setting
intervention proved to be effective as, on average, participants significantly increased their
daily step count by 1307 steps per day (or a 20% increase) from week one (baseline) to
week three of the intervention. This means that the null-hypothesis, that there would be no
difference in physical activity across intervention weeks, may be rejected.
5.2.2 Active time.
At baseline, participants engaged in an average of 158 active minutes (SD +
132.46). This value is higher than previously reported data. For example, Spartano and
colleagues (2019), reported that, on average, older adults aged 65 – 74 engaged in 126
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active minutes per week, while those 75 years and older only reach 84 minutes of active
time. As a reminder, active time is equivalent to the CSEP recommendations of MVPA in
bouts of at least ten minutes or greater with a one-minute interruption allowed. This means
that, at baseline, the average participant was meeting the guidelines of 150 minutes per
week. Once again, female data appeared to be more variable, as did week three. Current
literature tends to report using either average number of minutes spent engaging in MVPA
per day or a dichotomous “yes/no” for whether or not participants met the guidelines. This
makes comparisons difficult; however, research tends to suggest similar variability across
sexes, or higher variability amongst men (Murabito et al., 2015; Shiroma, Sesso, Moorthy,
Buring, & Min-Lee, 2014; Copeland & Eslinger, 2009). Again, the differences may be a
result of the drastically different sample sizes. Overall, however, the intervention was
effective for active time as well, with a significant reported increase of 77.65 active minutes
per week (or an increase of 49%) from baseline to week 3, on average. This means that the
null-hypothesis, that there would be no difference in physical activity across the
intervention weeks, may be rejected.
5.2.3 Sitting time.
At baseline, participants were sitting an average of 548.83 (SD + 103.69) minutes
(9.1 hours) each day. This value falls within the typically reported range for older adults’
daily sitting time of 8.5 – 9.6 hours (Lewis et al., 2016; Harvey, Chastin, and Skelton, 2013;
Harvey, Chastin, and Skelton, 2015; Reid et al., 2018). Variability was similar across
weeks. Male sitting time was more variable than female sitting time, a finding consistent
with the previous literature (Arnardottir et al., 2013; Matthews et al., 2008). Additionally,
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variability for the sample as a whole was consistent with previous findings (Harvey,
Chastin, and Skelton, 2013; Lewis et al., 2016; Reid et al., 2018). No significant effect of
goal-setting was found in the present study for participants’ average daily sitting time, with
an average decrease of only 4.61 minutes (or one percent) from baseline to week three.
This means that the chosen goal-setting intervention was not an effective strategy to reduce
sitting time within this sample and the null-hypothesis, that there would be no difference
between sedentary behaviour across intervention weeks, must not be rejected. This is a bit
contradictory to previous research, as a meta-analysis completed by Prince, Saunders,
Gresty, and Reid (2014) reported that, on average, studies targeting sedentary behavior and
physical activity resulted in a small, but significant reduction in sedentary time of 35
min/day. However, no sub-analysis was completed to evaluate the effect of age, which may
be a contributing factor. Interestingly, participants actually had a larger decrease in sitting
time from week one to week two, but this change was lost from week two to week three.
After week two, approximately 70% of participants had not met their goal to reduce sitting
time. Possibly, this discouraged participants and decreased motivation to reach their goal
over the next week. Additionally, participants were often surprised by their average sitting
duration and always underestimated their time when self-reporting (e.g., on the PASE).
This indicates that participants had a distorted recollection of how much time they spent
sitting. Future studies should consider providing immediate feedback on daily sitting
duration to see if accurate tracking aids in further reduction.
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5.2.4 Qualitative Assessment.
Qualitatively, much can be said about the present intervention. Perhaps most
notably, at baseline, only 48% of the sample (44% of females and 57% of males) met the
CSEP guidelines. The fact that this value is much higher than previously reported statistics
(refer to Section 2.4f for numbers) may indicate that a more active subgroup of the older
adult population was unintentionally sampled, and this sample does not accurately
represent the average older adult’s performance. This is supported by the fact that nearly
half of the participants were members of a gym of fitness club. However, 48% is still low,
considering the importance of physical activity on capacity, mobility, and overall health.
Upon completion of the intervention, however, 70% of the sample (61.5% of females and
71% of males) met the CSEP guidelines, representing a 22% increase from baseline.
Unsurprisingly, males presented with a slightly higher percent of guideline adherence
across all three weeks, but females actually had higher active time minutes, on average,
across baseline and week three. This means that although fewer females met the guidelines,
those who did were engaging in more MVPA overall. However, as numbers were too small
to run significant tests for further comparisons within and between sexes, one cannot
ascertain at this time whether these differences are significant or not. Additionally, it is
important to note that males declined in CSEP adherence from week two to week three,
with one less male reaching the guidelines. However, one female also went from meeting
guidelines to not, but due to the larger sample size, the change in status of the male created
a larger effect than that of the female. Future research should work to recruit a more even
male-to-female ratio so that comparisons across sex may be made.
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While the intervention proved effective for several physical activity variables, there
was consistently no significant differences detected from week two to week three. Initially,
it was thought that perhaps there was an outlier affecting the week three average, due to
the aforementioned male who no longer met his active time goal. However, checks were
completed, and this hypothesis was later rejected, as there were no male outliers, and when
comparing the two sexes separately, there were still no differences from week two to week
three in either group. This may be a result of the increased variability at week three that
appeared in several variables and across both groups. Larger standard deviations likely led
to considerable overlap between weeks. Another possibility is that having met their goal at
week two, participants were content. There was no further motivation or incentive to keep
improving, rather they worked to maintain their improvements, an achievement in and of
itself. Similarly, if someone had not met their goal and was very close, they might have
increased the minimum amount required to meet their goal, which would not result in a
large change. Additionally, those who did not meet their goal by a larger amount might
have become discouraged and lost motivation to try. This could also account for the larger
variability observed at week three as many participants increased but many also decreased,
thus widening the spread of datapoints. Future work should consider re-evaluating and
setting new goals at the check-in. This would also allow those who have met their goals to
set higher ones and those who have not to re-adjust to what they felt a more attainable goal.
This would allow for continued motivation and progress.
In addition to the significant improvements seen as a result of the intervention,
participants reported favourably on the goal-setting. For example, P06 noted that this study
“gave [her] the motivation to become more physically active…and [she] even got a gym
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membership.” Another participant, P15, reported that they “made sure to lengthen [their]
walks from 30 minutes to 45 minutes each day so [they] could get more steps.” Finally,
P18 mentioned that she “lost a few pounds,” likely as a result of “sitting less and walking
more.” These quotes highlight the real-life differences that were initiated due to the present
study. Regardless of whether these individuals met their goals or not, they clearly retained
tangible, positive experiences as a result of the intervention.
At the end of the intervention, participants were asked whether they believed setting
their goals and receiving feedback was motivating or discouraging. Every participant
declared the intervention to be motivating. Participants were also asked to rate the extent
to which the goals influenced their weekly activities on a scale from 0 to 100, with 0
representing “not at all” (e.g., they forgot about the goals or ignored them) and 100
representing “completely” (e.g., it was all they could think about and they went above and
beyond to change their behavior and meet the goals). Participant answers ranged from 0 to
100, with an average influence of 68.54% (SD + 25.16). One participant, P04, made the
following comment: “The reports were most helpful to me, more so than the actual goalsetting. They made me more aware of my habits.” Similarly, P22 reported that the
intervention made her more aware of her choices – “You know, options A or B – do I take
the stairs, or do I take the elevator.” This might explain why the intervention was not
effective for all three variables, or why it may have worked better for some than others.
These quotes highlight that reaching the specific goals they had set may not have been what
was most important to the participants but rather they were pleased to just be more aware
of their current behaviours.
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5.2.5 Intrinsic motivation.
As discussed in chapter two, intrinsic motivation is a large contributing factor to
creating a successful goal-setting intervention. As such, the IMI was used to measure
intrinsic motivation (IM) of the participants. The two main components of IM, competency
and autonomy, were assessed using two subscales of the IMI: perceived competence and
perceived choice. On average, participants rated their perceived competency on the goalsetting tasks as 5.2 (SD + 0.73) out of a possible 7. Similarly, perceived choice was rated
5.7 (SD + 0.39) out of a possible 7. While there is no direct classification for a given score
on the IMI, higher scores indicate high competency and sense of choice, thus it appears
that participants felt that they were quite competent with their goal-setting behaviours and
felt like they had choice throughout the intervention. This allows one to infer that the
intervention did a reasonable job at encouraging participants’ intrinsic motivation, which
would correspondingly increase PA outcomes.
5.3 Limitations
5.3.1 Methodological.
The first limitation of the present study was the choice of using a 5m TUG, as
opposed to the more commonly reported shorter 3m TUG. Although 5m is used in clinical
settings (Beyea, McGibbon, Sexton, Noble, & O’Connell, 2017), its use in the literature is
scarce. As such, all normative data was in relation to the shorter TUG and was, therefore,
not comparable to the present results. However, this study is now able to contribute to the
literature on normative 5m TUG outcomes for healthy older Canadians.
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Another concern is that of reactivity, in which participants might have changed
their behavior as a result of being recorded. Research on accelerometer measurement
reactivity (AMR) is limited, particularly among the adult/older adult population, and results
are varied (Baumann et al., 2017). Clemes and Deans (2012) suggest that AMR may be
present for as long as one week of measurement, but their results are based off a youngadult population (mean age = 26.8 + 13.0). Alternatively, Matevey and colleagues (2006)
reported that reactivity was not a threat to validity in free-living healthy adults (mean age
men = 51 + 9.9, mean age women = 44 + 6.5). Their sample, however, is still not
representative of the older adult population. While it is promising that research shows that
reactivity is not a concern in youth and children (Ozdoba et al., 2004; Vincent & Pangrazi,
2002; Behrens & Dinger, 2013), these results cannot be transferred to the older
demographic without empirical support. It is clear that much more research is required in
this topic, but for the time being, it is noted that reactivity may be present within the first
week of data collection and this was considered during analysis. Additionally, we worked
to minimize the effects of reactivity as immediate feedback, which often provides
motivation to improve, was sealed from participants (i.e., the sensors did not provide visual
feedback on step-count). Furthermore, this research followed typical protocol of instructing
participants to maintain their usual levels of activity during baseline monitoring. This helps
to mitigate the effects of reactivity and account for abnormally active or inactive weeks
(Matevey et al., 2006). It may also be qualitatively noted that many participants reported
to have “forgotten they were wearing the sensor,” which indicates that reactivity may be
negligible in the present study.
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Self-selection bias must also be acknowledged in this research. It is likely that
individuals who were more physically active or had higher functionality volunteered to
have their physical activity recorded. Those who volunteer for accelerometry studies tend
to be healthier than those who do not (as cited in Spartano et al., 2019). While robust
recruitment methods were used in an attempt to mitigate these effects (i.e., posters will be
posted at all locations across the city, not just ones particularly targeted towards active
individuals [e.g., gyms, fitness clubs/groups]) the lack of variability, particularly in
capacity data (as represented by a SPPB range of only 9 – 12), suggests that this bias was
not avoided. Future studies should focus on recruiting those with lower capacity, perhaps
by advertising that all levels of activity and functioning are welcome.
5.3.2 Technological.
The most impactful limitations affecting this study, namely its duration, were a
result of hardware malfunctions. The older model of the MoveMonitor (most frequently
used in this research) stored all measurements on a 2GB micro-SD card. These cards had
been used extensively, and as a result, their efficiency decreased, causing their repeated
failure and, consequently, the loss of participant data. Once the source of this data loss was
discovered, new SD cards were requested from the company. Along with the SD cards,
McRoberts also delivered five of their newest models of the MoveMonitor to mitigate
further issues. This repeated loss of data, however, led to repeat sessions for several
participants. This resulted in an extended testing time and limited the number of
participants (i.e., the sample size) that could be collected for this study.
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Additionally, there were some BlueTooth connectivity issues with the MoveTest
which led to data loss for several participants. These participants had to have their capacity
retested, which may have added inconsistency to the data as practice effects may be
involved. However, it is believed that these effects are negligible as the tasks being
completed in the capacity testing are representative of ones from daily life (e.g., walking,
sit to stands), and thus are already practiced activities.
5.3.3 Miscellaneous.
The demographical composition of this study sample is an additional limitation
which must be acknowledged. First, demographic information was not provided for the
pre-existing data, which is a limitation in and of itself. Second, although this information
was collected for the intervention, the sample was entirely Caucasian, thus the results are
less generalizable to the Canadian population, which is only 73% Caucasian (StatsCanada,
2016).
Another limitation of this study was the timing of testing/recruitment. All testing
was completed in the winter months, meaning that inclement weather caused the
cancellation and delay of several meetings. While this did not affect the measurements in
any way, it did lengthen the duration of several participant’s experiences, as sessions had
to be cancelled and rescheduled, thus limiting the total number of participants that could
be tested.
Another consideration is that, like other studies, perhaps PC and PA are not being
represented by the optimal variables. Although an effort was made to be as inclusive as
possible with the consideration of PC and PA parameters, it is still possible that some were
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excluded. For example, this study did not have any strength measure of PC, such as handgrip strength. Results may be affected by the inclusion of this or similar parameters.
Additionally, if alternative statistical methods were used, it is possible that different
parameters would be highlighted. As such, future work should investigate if the variables
deemed important in this research for this population are consistent when alternative
methods are used.
5.4 Conclusion and Contributions
The population is rapidly aging, and with this trend comes economic burden and emotional
stress. While it is well-known that mobility is the primary indicator of quality of life in
older adults, very little is actually known about the mobility levels of community-dwelling
Canadians 65 years of age and older. Physical capacity and physical activity are two of the
major determinants of one’s mobility level, as such this study sought to determine the
optimal variables by which to represent and individual’s capacity and activity and to
explore the relationship between these two determinants. This was completed through
variable reduction, followed by applying both clustering and canonical correlation
analyses.
The variable reduction served to create a smaller, working dataset upon which to
complete further analyses. As well, it allowed for the familiarization of the variables
produced by both the MoveTest and the MoveMonitor. Additionally, the pre-existing
database provides data pertaining the physical capacity and physical activity older
Canadians. This data can be further used and explored in future work.
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The clustering model allowed for a further variable reduction within the separate
capacity and activity datasets. It gave insight on which variables are most similar and which
are providing unique information compared to others. Representative variables were then
selected from each cluster and further examined. These cluster variables appeared to make
logical sense with respect to those reported within the literature, providing support for their
continued measurement. Following the clustering, the representative variables were used
to conduct a canonical correlation analysis to try to maximize the relationship between PC
and PA, determine whether it was significant, and evaluate which of the variables were the
largest contributors to this relationship. The results of the CCA were non-significant,
meaning the null-hypothesis, that there is no relationship between capacity and activity,
cannot be rejected. However, the results do appear to follow the same trend as those
observed within the literature as variables that have been deemed important in the past are
highlighted within this study as well. Additionally, this study has provided a better
understanding of the PC-PA relationship in a baseline sample of community-dwelling older
adults without mobility impairments. Future work can use this sample for comparison to
determine how the relationship changes when those with lower physical capacity are
included. Future studies should also investigate alternative statistical methods as the results
may lead to different representative/important variables. These potential new variables, and
the impact they have on the PC-PA relationship, may then be explored and compared to
the findings of the present research. Finding no relationship between capacity and activity
was contradictory to the literature and should be further explored.
While it is known that physical activity can both improve the quality of life and
reduce the economic impact of aging adults, levels of physical activity within this
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demographic are insufficient. This study provided support for the use of a goal-setting to
improve physical activity, as participants were able to significantly increase their step count
and weekly active time, in addition to movement intensity and walking duration in bouts
greater than 20 seconds. The intervention was not effective, however, for sitting time or
any of the other variables selected from the clustering model.
While many interventions have been developed to improve physical activity levels, few,
if any, have considered the physical capacity of their participants while evaluating change
and/or improvement. Alternatively, these studies assume that improvements in capacity
will lead to improvements in activity, but this is not the case. This leads to a
misunderstanding of the results as it is unclear whether changes, or lack thereof, are due to
motivational/behavioural effects of physical ones. Although the present study concluded
that physical capacity was not a significant predictor of change throughout the goal-setting
intervention, this information is important to gather. This study can conclude that the
changes observed within the intervention were not influenced, positively or negatively, by
a participants’ capacity. This means that a participant’s ability to improve was not affected
by having high or low capacity, and change may be attributed to the goal-setting
intervention; however, this could be due, in part, to the lack of variability amongst the
capacity data and should be further explored. It is possible that PC would have a more
significant role in future clinical studies with different populations. For example, it may be
more relevant to patients with Chronic Obstructive Pulmonary Disorder (COPD) and other
respiratory illnesses or in those experiencing mobility impairments, such as those with
Parkinson’s Disease.
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This study also generated data on several physical capacity and physical activity
variables, such as step count, sitting time, 6MWT distance, and CSEP guideline adherence.
With 48% of the sample meeting CSEP guidelines as baseline, this study reported values
much higher than typically seen, indicating the possible unintentional recruitment of a subpopulation. Despite this, participants fell within normal ranges for step count and sitting
time.
Overall, this study provides important preliminary work that will aid in the understanding
of the capacity-activity relationship. These two complex constructs were systematically
reduced to two small sets of variables and the relationship between them was explored.
While further work is necessary, the results of this study serve to highlight important
variables in the capacity-activity relationship and how the two are related to each other.
With the older adult population of Canada rapidly growing, it is crucial to have a better
understanding of the capacity-activity relationship as this will also lead to an improved
understanding of older adult mobility. Understanding mobility patterns of older adults will
lead to more appropriate interventions for mobility impairments and low activity levels
which will serve to improve the health and quality of life of participants.
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Appendix A
Benefits of Physical Activity
It is widely accepted that physical activity and exercise is recommended for all ages
and provides numerous health benefits. Chiefly, increased physical activity and fitness
levels are associated with reduced risk of death (20-35%) of any cause (Warburton et al.,
2006). More specifically, an inverse and causal relationship has been shown between
physical activity and coronary heart disease, and this relationship is consistent across
studies, as determined by systematic review (Powell, Thompson, Caspersen, & Kendrick,
1987). In fact, physical activity has been shown to reduce the risk of cardiovascular disease
by half (Warburton et al., 2006), and this finding is supported more recent studies as well.
For example, Barengo and collagues (2017) reported that participation in leisure-time PA
significantly reduces risk of cardiovascular disease mortality in older adults.
Similar benefits have been reported for the association between diabetes mellitus and
physical activity. Incidence rates of diabetes decreased by nearly half as time spent
engaging in leisure-time physical activity increased (Helmrich, Ragland, Leung, &
Paffenbarger, 1991) while other research has shown that risk of diabetes onset may be
reduced by up to 25% with increased PA (Lao et al., 2018). Furthermore, a significant
increase in insulin sensitivity was reported following participation in both vigorous and
non-vigorous physical activity (Mayer-Davis et al., 1998). This relationship is even more
pronounced in those at higher risk of the disease (Helmrich et al., 1991).
The relationship between physical activity and arthritis has also been under
investigation, and present research suggests that regular physical activity may decrease
pain, improve physical functioning, and delay disability (Ettinger et al., 1997; Rejeski,
Ettinger, Martin, & Morgan, 1998). These findings are supported by a review of 16 relevant
articles, completed by an expert panel (Ottawa Panel, 2004). Their analysis concluded that
there is sufficient evidence to support the use of physical activity and exercising as
management for rheumatoid arthritis. Furthermore, these benefits do not come at a cost, as
research indicates that even high-intensity exercise does not lead to further joint damage
(Plasqui, 2008).
The literature also overwhelmingly supports a positive impact of physical activity on
the psychological well-being (PWB) of older adults. PWB may be operationally defined
by numerous factors, including, but not limited to: life’s purpose, vitality, positive affect,
and happiness (Hernandez et al., 2017). A systematic review, conducted by McAuley and
Rudolph (1995), found 28 articles that reported evidence of a positive relationship between
physical activity and enhanced well-being. Improvements were seen across numerous
factors, including, but not limited to: perceptions of mastery, improved life satisfaction,
improved mood, and reduced negative affect. These effects appear to remain constant
across both sex and age (McAuley & Rudolph, 1995). Recent research continues to support
the positive relationship between PA and PWB of older adults. Netz, Wu, Becker, and
Tenenbaum (2005) conducted a meta-analysis of studies investigating the impact of PA
interventions on PWB of older adults. They’re analysis concluded that PA was significantly
able to improve PWB with intervention effect sizes nearly triple that of the control groups
(d(C) = 0.24 as compared to 0.09). Similarly, Kim and colleagues (2017) examined the
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effect of leisure-time PA (LTPA) on lonely older adults’ PWB. Their results indicated that
LTPA was a significant predictor of optimism, life satisfaction, and PWB.
Physical inactivity – defined as not meeting the recommended physical activity
guidelines (Tremblay et al., 2017) – has been recognized as the largest modifiable risk
factor of both chronic disease and premature death (Warburton et al., 2006). Moreover, the
benefits of physical activity, such as the prevention or reduction of the aforementioned
chronic diseases, have been demonstrated across all ages and both genders (Macera,
Hootman, & Sniezek, 2003).
Harmful Effects of Sedentary Behaviour
Sedentary behaviour is defined as any waking behaviour, spent in a sitting or
reclining posture, engaging in low-energy expenditure (<1.5 METs) (Tremblay et al.,
2017). Research estimates that the older population (60+ years of age) spends, on average,
9.4 hours of their day sedentary (Harvey, Sebastien, Chastin, & Skelton, 2015). Although
sedentary behavior poses health risks somewhat independently from inactivity (Mansoubi,
Pearson, Biddle, & Clemes, 2014), there tends to be an inverse relationship between
sedentary behavior and physical activity. A systematic review suggests that total daily
sedentary time is inversely associated with physical activity, with 50% of studies reporting
a large association (Mansoubi et al., 2014). This association was shown between both light
physical activity and MVPA (Mansoubi et al., 2014). This suggests that sedentary
behaviours are replacing time that could be otherwise spent engaging in physical activity.
This is crucial as sedentary behaviour poses health risks independent to physical activity.
For example, significantly higher sitting time has been reported amongst individuals who
are classified as obese and/or overweight, or who have diabetes or cardiovascular disease
(Rosenburg et al., 2016). Even more compelling, higher amounts of daily sitting time are
associated with a greater risk of all-cause mortality (Chau et al., 2013). Furthermore,
sedentary behaviour has repeatedly been associated with increased risk of depression
(Teychenne, Ball, & Salmon, 2010; Tsutsumimoto et al., 2016).
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Appendix B
Physical Capacity Norms
In the recent years, there has been increased interest in collecting control data for
PC tests, particularly in the aging population. For example, van Lummel and colleagues
(2015) reported on several tests. They found an average TUG time of 17.9 seconds (+ 9.44),
an average STS score (per one STS) of 1.73 seconds (+ 0.60), and an average Total SPPB
score of 6.37 (+ 2.86). For the TUG and STSs, lower values indicate better functioning,
while higher scores do for the SPPB. These values were from a community and residentialcare facility sample, of European adults (Mage = 82.8 + 6.9). Alternatively, Perera, Mody,
Woodman, and Studenski (2006) report a higher SPPB score of 8.3 (+ 2.7) amongst an
American population of older adults. However, it is worth noting that Perera and colleagues
had a much lower average age of their participants (69.8 + 10.3) as compared to van
Lummel and colleagues, which may be the reason for their higher mean. Perera and
colleagues also reported on average 6-MW distance (233m + 94) and 4m gait speed (0.88
m/s + 0.24). In all cases, greater 6-MW distances and lower gait speed values indicate
higher performance.
Short Physical Performance Battery. The SPPB assesses across three categories –
balance, gait speed, and chair stand - and each one is scored out of 4, giving a total
maximum score of 12. Table 2.2 provides means for SPPB across several age categories as
reported by the National Health and Aging Trends Study (Kasper et al., 2012).
Table 1.
Average Scores of the Short Physical Performance Battery classified by age and gender.
Age Group
Mean Score
Total
8.3
65-69
9.8
70-74
9.0
75-79
8.2
80-84
7.0
85-89
5.3
90+
3.7
Gender
Male
8.9
Female
7.8
6 Minute Walk Test. Casanova et al (2011) reported the following average distances
for the 6 MWT, based off 444 subjects (nmale = 238) from seven countries: 60-69 yrs of
age, 559 + 80m, 70-80 yrs of age, 514 + 71m. Research indicates a significant decrease in
walking difference with increasing age (Casanova et al., 2011; Bautmans, Lambert, &
Mets, 2004).
Timed-Up-and-Go (TUG). A meta-analysis, comprising of 21 studies from North
America, Asia, Europe, Australia, and the Middle East, reported the following TUG times,
with 95% confidence intervals: 8.1(71.-9.0) seconds for 60-69 year olds, 9.2 (8.2-10.2)
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seconds for 70-79 year olds, and 11.3 (10.0-12.7) seconds for 80 to 99 year olds (Bohannon,
2006). Research also indicates a significant negative correlation between age and TUG
times (Bischoff et al., 2003).
Sit-to-Stand. Bohannon (2006) conducted a meta-analysis of 5-repetition sit-tostand normative values. A total of 13 papers were used, following the exclusion of
unrepresentative data. The analysis revealed that times exceeding the following represent
below-average performance: 11.4 seconds (60-69 years), 12.6 seconds (70-79 seconds),
and 14.8 seconds (80-89 years).
Overall Physical Capacity. Kasper and colleagues (2017) provided us with the first
(to our best knowledge) overall capacity scores for community and residential-care (other
than nursing home) older adults (65+). PC was objectively measured using the following
performance-based assessments: balance, usual walking speed, rapid chair stands, grip
strength, and peak air flow. Each measure was rated from 0-4, with 0 being worst
performance and 4 being the best. Self-report measures asked participants to indicate
ability to complete a series of paired tasks (e.g., bending over and kneeling), providing
both a challenging and less challenging option within each pair (e.g., walking 10 stairs vs
walking 20 stairs). Participants would indicate 2 if they could complete the more
challenging, 1 if they could complete the less challenging, and 0 if they could not complete
either. All scores were converted to be graded out of 100 and averaged across variables.
Average scores can be seen in Table 2.3, and, as expected, mean scores declined with age
(Kasper et al., 2017).
Table 2
Mean physical capacity scores (measured out of 100) based on self-report and objective
measures combined by age group.
Age Group
65-69
70-74
75-79
80-84
85-89
90+
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Mean Physical Capacity Score
67.4
63.1
57.3
52.5
45.6
37.5
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Appendix F
Physical Activity in Older Canadians
Are you 65 years or older and interested in learning about your physical activity and
physical capacity? Join us at the Andrew & Marjorie McCain Human Performance
Laboratory, University of New Brunswick as we use wearable technology to examine
physical activity and capacity levels of older adults during daily living.
Physical capacity is a measure of one’s ability to complete activities of daily living. It is
also a major contributor to mobility, which is considered an important indicator of quality
of life. However, we know little about capacity in older Canadians and how it affects
physical activity. This research aims to increase our understanding of this relationship in
older adults through wearable sensors. The information generated from this study will
provide information and benefits to the community, private care centers, hospitals, and
provincial and federal governments in Canada.
If you are 65 years of age or older, able to walk independently, and can wear a sensor
around your waist for one month, you are eligible to participate in this study. Interested
participants should contact Emily Wright at the Human Performance Lab (HPL) (Ph: 506453-4922, email: ewright@unb.ca). This study has been reviewed by the Research Ethics
Board of the University of New Brunswick and is on file as REB-2018-029.
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Appendix H
PRINCIPLE INVESTIGATORS:

INTRODUCTION

Emily Wright
Dr. Victoria Chester
Graduate Student,
Professor,
Department of Kinesiology Department of Kinesiology
University of New
Brunswick
Fredericton, NB E3B 5A3
506-453-4922;
ewright@unb.ca

University of New
Brunswick
Fredericton, NB E3B 5A3
506-458-7589;
vchester@unb.ca

Dr. Usha Kuruganti
Assistant Dean of Graduate
Research/ Profressor,
Department of Kinesiology
University of New
Brunswick
Fredericton, NB E3B 5A3
506-453-3511;
ukurugan@unb.ca

You have been invited to take part in this research study because you at over the age of
65, able to walk without the help of an aid (e.g., cane or walker) and are willing to wear a
wireless sensor around your waist for 3 weeks. It is up to you to decide whether to be in
the study or not. Before you decide, you need to understand what the study is for, what
risks you might take, and what benefits you might receive. This consent form explains the
study.
Please read this carefully. Take as much time as you like. The researchers will:
* Discuss the study with you
* Answer your questions
* Keep confidential any information which could identify you personally
* Be available during the study to deal with problems and answer questions
About the Research
Mobility (the ability to move freely and easily) is a challenge for a many older adults and
is considered very important for quality of life. Mobility impairments not only impact
participation in society (e.g., driving, recreational activities) and physical activity of older
adults, but also the performance of activities of daily living, such as walking, climbing
stairs, and rising from a chair. The ability to complete activities of daily living is one’s
physical capacity. Unfortunately, despite its importance, physical capacity, and its
relationship to physical activity, is under-researched in older adults. Our research program
aims to improve our understanding of this relationship using wireless sensors during
activities of daily living in the aging population. The information generated from this

research will provide researchers with a better understanding of how capacity can influence
activity levels of the aging population in day-to-day life. In the future, this data can then
be used to aid in the development of more effective and individualized interventions.
What Does This Study Involve?
This study involves 3 separate stages or steps: 1) a welcoming session, 2) a test session of
physical capacity, and 3) wearing the mobility sensor for three weeks to record activity.
Specific details of each study step are provided below:
STEP 1 – WELCOMING SESSION: Prior to starting the study, you will be invited to
participate in a welcoming session that will introduce you to details of the study, wireless
sensor equipment, and our staff and researchers. The welcoming session will take
approximately 30 minutes and will occur at the Andrew and Marjorie McCain Human
Performance Laboratory at the University of New Brunswick (UNB) campus in
Fredericton. The lab is located in the Richard J. CURRIE Centre on the 2 nd floor. At this
session, you will also be asked to fill in 6 questionnaires (assistance with this task can be
provided). These questionnaires will provide information on: 1) whether it is safe for you
to be physically active (PAR-Q+), 2) your cognitive skills (Mini-Cog), your functional
capacity (Short-Form 36: Physical Functioning Scale), your physical activity levels
(Physical Activity Scale for the Elderly) and your global health (Patient Completed Health
Outcome Measures). The results of the cognitive tests will be used to identify whether
third-party consent is required for participation in the study (power of attorney, family
member, guardian, caregiver, trustee, etc). The results of the PAR-Q+ questionnaire will
also identify whether your family doctor should approve your participation in the study.
All other questionnaires are used to provide information that is supplemental to that which
will be gathered from the sensors. At the end of the welcoming session, if you are interested
in participating in the study, you will either be asked to schedule an appointment (if you
need third-party consent or physicians permission) OR you will immediately continue to
the testing session of your physical capacity (STEP 2).
STEP 2- PHYSICAL CAPACITY TEST SESSION AT UNB: At the beginning of the
test session, you will be asked to submit a signed consent form with your signature (and
third-party consent, if required). You will also be asked to submit the signed PAR-Q+
questionnaire if approval was needed from your family doctor. You will then be asked to
complete a single 30-45 min test session at the Andrew and Marjorie McCain Human
Performance Lab located at the 2nd floor of the Richard J. Currie Center, University of New
Brunswick (Fredericton campus). You will be asked to perform a series of physical tasks
such as walking, rising from a chair, and balance tests requiring you to stand on one or two
feet. Some of these activities are timed, and others are not. While you are performing
these tasks, you will be asked to wear a wireless monitor that records performance (Move
Test). Figure 1 provides a picture of the device which is worn around the waist using an
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adjustable strap. The physical activities that you will be asked to perform during your first
test session are:
1. 6 Minute Walk test (6MWT): The 6MWT examines your walking speed as you walk
for 6 minutes around a set of cones. This task is to be completed at your regular
comfortable walking speed.
2. Sway test: The sway test measures your standing balance. You will be asked to stand
in four different positions without moving your feet. You will stand with your feet
together side by side (side-by-side position), the side of the heel of one foot touching
the big toe of the other foot (semi-tandem position), the heel of one foot in front of and
touching the toes of the other foot (tandem position), and one foot standing position.
You will stand in each position for 10 seconds.
3. Gait test: The gait test your walking speed as walk to and from a 10 m distance marker.
This task is to be completed at your regular comfortable walking speed.
4. Timed Up and Go test (TUG test): The TUG requires you to stand up from a chair,
walk 3 meters, turn around, walk back to the chair, and sit down in the chair. This task
is to be completed at your regular comfortable walking speed.
5. Sit to Stand test: This test examines your ability to stand up and sit down on a chair at
a fast pace. You will be asked to stand and sit on a chair as fast as you can for 5
repetitions.

Figure 1: Sample image of MoveTest monitor being placed around subject’s
waist using an adjustable strap.

The researcher will demonstrate each task for you. You will also be asked about your
comfort level before each test. If you do not feel you can complete a specific test, we will
move onto the next activity. The examiner will always walk side-by-side with you during
the tests and will support you should you require assistance. A test will be cancelled or
stopped immediately if you feel weak or are unable to complete the test. Breaks or rest
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periods can be provided at any time during the test. Your safety will be observed before
performing and during the tests.
No special clothing is needed for these tests. Simply wear a comfortable outfit (including
comfortable walking shoes) that allows you to move freely.
STEP 3 – MEASURING MOBILITY DURING THE MONTH: After completing the
above test in Step 2, you will be asked to wear a wireless sensor (MoveMonitor) that is
worn around the waist using an adjustable strap (similar to Figure 1). You will wear the
sensor for 3 weeks as you go about your normal daily routine. The sensor and instructions
on how to wear the sensor will be provided at the end of STEP 2, before you leave the lab.
You will begin wearing the sensor the next morning. The sensor should only be removed
during bathing or showering. At the end of each 7-day period, you will return to the lab to
have a brief (approx. 5 min) meeting with the researcher and exchange your now-dead
sensor for one that is fully-charged. This meeting will be used to provide an update of your
weekly average performance. At the end of the third week, you will also complete one
more questionnaire inquiring about your experience over the 3 weeks.
Can I drop out of the study if I want to? At any point during the experiment (at home or
in the lab), you are free to withdraw from the study at any time without affecting any
relationships you might have with UNB.
Are these possible risks associated with this study? There are risks with this, or any study.
To give you the most complete information available, we have listed possible risks, which
may or may not occur. All risks are considered minimal and do not exceed the probability
and magnitude of potential harms that may be encountered in your everyday life. The
minimal risk in this study encompasses two components.




First, you will be asked to complete a series of self-report questionnaires, some of
which will ask about your functional capabilities and overall health. This may
cause you some distress or embarrassment. Please remember that all responses
will remain confidential and that you are always be free to skip any questions you
do not wish to answer.
Second, you will communicate with research personnel be telephone and email.
Email that leaves the UNB’s secure servers is susceptible to security breaches.
Please keep this in mind when providing personal information via email.

What about my privacy and confidentiality? Protecting your privacy is an important part
of this study. Every effort to protect your privacy will be made. Your identifying
information (such as your name) and all of the information you share on your
questionnaires will be kept confidential and not released to anyone outside of the research
team. If the results of this study are presented to the public, nobody will be able to tell that
you were in the study. All results will be anonymized through the use of a participant
identification number. Only the primary investigators will have access to the list of
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participant names and codes. No other individuals working with the study data will have
access to identifying information.
When do I wear the MoveMonitor Sensor? The MoveMonitor is not water resistant so
you should not wear the device when performing activities that involves water such as
bathing, swimming, canoeing, kayaking, etc. You will be asked to wear the sensor all day
except for these tasks involving water. It is also recommended that you wear the sensor
while sleeping as it tracks your sleeping time and calories burnt. If you do get the
MoveMonitor device wet, please immediately inform us and we will decide the next steps
based on whether or not the sensor is still functioning (i.e., we will give you a new one or
tell you to continue wearing it). Should you lose the device, again, please contact us
immediately and we will provide you with a new device. Either way, please be ensured
that there will be no penalty or financial responsibility imposed on you.
How do I wear the MoveMonitor sensor properly? The MoveMonitor is worn like a
trouser belt with the sensor positioned in the center of the lower-back (same as the
MoveTest, Figure 1). After attaching the device around your waist, you can use a mirror to
check that it is on properly and recording. You should ensure that a green light is blinking
at the McRoberts logo and that the word ‘Mcroberts’ on the device is not upside down. The
data will not be useful if the device is worn upside down. While this information was
provided in the welcoming session, you may contact the investigators by phone or email if
there are any issues/questions/concerns about the device during the weeks of monitoring
your movement. Please contact us immediately should the green light ever turn off.
What are the benefits for you by participating in these tests? Understanding the
relationship between physical capacity and physical activity is important so that we can
develop the best interventions for improving physical activity levels. Without having
capacity data, we cannot be sure whether low levels of physical activity are a result of not
being physically capable of doing more or because one does not have the motivation to do
more. The long-term goal is to be able to score participants on both their physical capacity
and their actual physical activity levels in order to compare ability to actual behavior. From
there, this information will be considered when creating interventions so that those with
lower functional scores are being administered physical or medical interventions while
those with high capacity and low activity will receive behavioral or motivational
interventions.
We are extremely grateful to participants of our research as it may bring great interest and
benefits to the community, private care centers, hospitals, and provincial and federal
governments in Canada. At your request, we will provide your personal physical activity
report of each week for participating in this research. This report will give you a detailed
look at your physical activity levels for each week which will be both interesting and useful
to you. This report can be used to benchmark your physical activity at this point in time
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and give you a very good idea of how active you are. A copy of the final published work
will also be made available.

INFORMED CONSENT:
I understand the purpose, procedures and risks of this study and any questions or
clarifications I have requested have been explained to my satisfaction by the researcher. I
understand that I am free to withdraw my consent and discontinue participation in the
study without any consequences at any time.
I, ____________________________________, agree to participate in this study. I agree
that the information gathered can be used in scientific reports and presentations, but that
no individuals will be identified. If I have any questions about the study, I can contact
Dr. V. Chester (Email: vchester@unb.ca, Phone: 506-458-7589), Dr. U Kuruganti
(Email: ukurugan@unb.ca, Phone: 506-453-3511) and/or Ms. Emily Wright (Email:
ewright@unb.ca, Phone: 506-453-4922) in the Faculty of Kinesiology. I may also
contact Dr. Steven Turner, Chair of the Research Ethics Board, 506-453-5189, at the
University of New Brunswick with any concerns or questions.
Signature:
________________________________________
_____________________

Date:

Witness/Third
Party:
________________________________
Date:
______________________
To the best of my ability, I, _________________________________, have explained the
objectives,
risk,
safety
measures
and
benefits
of
this
study
to
___________________________. I have answered all of their questions and obtained the
signed forms filled by the participant
Signed
(Investigator):________________________________
Date:
______________________
This project has been reviewed by the Research Ethics Board of the University of New
Brunswick and is on file as REB 2018-089.
Following completion of this study, I would like to receive an update of the results, as
well as a full report of my physical activity and sleep habits for the entire duration of my
participation.
You may email this report to:
______________________________________________________
OR
You may mail this report to:
________________________________________________________________________
________________________________________________________________________
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Appendix I
Table 1.
All MoveMonitor and MoveTest variables.
MoveMonitor
1. ACSM_light_dur_with_bout
2. ACSM_sedentary_dur_with_bout
3. ACSM_sedebtary_dur_without_bout
4. ACSM_moderate_norm_dur_with_bout
5. ACSM_moderate_norm_dur_without_bout
6. ACSM_vigorous_norm_dur_with_bout
7. ACSM_vigorous_norm_dur_without_bout
8. AEE_active
9. AEE_cycling
10. AEE_inactive
11. AEE_lying
12. AEE_shuffling
13. AEE_standing
14. BMR
15. DUR_max_active
16. DUR_max_cycling
17. DUR_max_lying
18. DUR_max_shuffling
19. DUR_max_sitting
20. DUR_max_standing
21. DUR_max_walking
22. DUR_mean_active
23. DUR_mean_cycling
24. DUR_mean_lying
25. DUR_mean_shuffling
26. DUR_mean_sitting
27. DUR_mean_standing
28. DUR_mean_walking
29. DUR_median_active
30. DUR_median_cycling
31. DUR_median_lying
32. DUR_median_sitting
33. DUR_median_standing
34. DUR_median_walking
35. DUR_total_active
36. DUR_total_cycling
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MoveTest
1. SitToStand_ext_dur
2. SitToStand_ext_range
3. SitToStand_flex_dur
4. SitToStand_flex_range
5. SitToStand_max_ext_ang_vel
6. SitToStand_max_flex_ang_vel
7. SitToStand_max_ver_vel
8. SitToStand_mean_pwr
9. SitToStand_peak_pwr
10. SitToStand_total_dur
11. StandToSit_ext_dur
12. StandToSit_ext_range
13. StandToSit_flex_dur
14. StandToSit_flex_range
15. StandToSit_max_ext_ang_vel
16. StandToSit_max_flex_ang_vel
17. StandToSit_mean_pwr
18. StandToSit_min_ver_vel
19. StandToSit_peak_pwr
20. StandToSit_total_dur
21. Total_Dur*
22. Distance
23. Step_length_mean
24. Step_length_sd
25. Stepfrequency_mean
26. Stepfrequency_sd
27. Turns_mean_duration
28. Turns_sd_duration
29. Velocity_mean
30. Velocity_sd
31. D_chairStand
32. D_gaitSpeed
33. D_slowWalk
34. S_total
35. Dur_total_dur
36. Dur_turn1_dur

37. DUR_total_inactive
38. DUR_total_lying
39. DUR_total_shuffling
40. DUR_total_sitting
41. DUR_total_walking
42. MI_active
43. MI_cycling
44. MI_inactive
45. MI_lying
46. MI_shuffling
47. MI_standing
48. MI_worn
49. PAL
50. PERIODS_active
51. PERIODS_cycling
52. PERIODS_inactive
53. PERIODS_lying
54. STEPS
55. BMR
56. TRANSITIONS_lyst
57. TRANSITIONS_lywa
58. TRANSITIONS_sish
59. TRANSITIONS_sist
60. TRANSITIONS_siwa
61. WALKING_dur_total_10
62. WALKING_dur_total_10_20
63. WALKING_dur_total_20
64. VMU_active
65. VMU_cycling
66. VMU_inactive
67. VMU_lying
68. VMU_shuffling
69. VMU_standing
70. ACSM_very_vig_dur_with_bout
71. ACSM_very_vig_dur_without_bout
72. ACSM_vigorous_dur_with_bout
73. ACSM_vigorous_dur_without_bouth
74. ACSM_METmin_with_bout
75. ACSM_METmin_without_bout
76. AEE_moving
77. AEE_sitting
78. AEE_static
79. AEE_walking
80. AEE_stair_walking

37. Dur_walk1_dur
38. Dur_walk2_dur
39. Kin_turn1_max_yaw_vel
40. accAn_Ecc
41. accAn_HP_Mean_AP
42. accAn_HP_Mean_ML
43. accAn_HP_Mean_VEC
44. accAn_Mean_AP
45. accAn_Mean_ML
46. accAn_MPF
47. accAn_SwayAngle
48. displAn_Area
49. displAn_Ecc
50. displAn_Mean_AP
51. displAn_Mean_ML
52. displAn_Mean_VEC
53. displAn_Path
54. displAn_SwayAngle
55. velAn_Ecc
56. velAn_Mean_AP
57. velAn_mean_ML
58. velAn_SwayAngle
59. Trajectories (6MWT)
60. Turns_n_clockwise (6MWT)
61. Turns_n_counter_clockwise
(6MWT)
62. D_sbsStand (SPPB)
63. D_stStand (SPPB)
64. S_sbsStand (SPPB)
65. S_stStand (SPPB)
66. Dur_sist_ext_dur (TUG)
67. Dur_sist_flex_dur (TUG)
68. Dur_sist_total_dur (TUG)
69. Dur_stsi_ext_dur (TUG)
70. DUR_stsi_flex_dur (TUG)
71. DUR_stsi_total_dur (TUG)
72. Dur_turn2_dur (TUG)
73. Kin_sist_ext_range (TUG)
74. Kin_sist_flex_range (TUG)
75. Kin_sist_max_ext_ang_vel (TUG)
76. Kin_sist_max_flex_ang_vel
(TUG)
77. Kin_stsi_ext_range (TUG)
78. Kin_stsi_flex_range (TUG)
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81. AEE_worn
82. MI_moving
83. MI_sitting
84. MI_static
85. MI_walking
86. MI_stair_walking
87. NNGB_light_dur_with_bout
88. NNGB_light_dur_without_bout
89. NNGB_METmin_with_bout
90. NNGB_METmin_without_bout
91. NNGB_moderate_dur_with_bout
92. NNGB_moderate_dur_without_bout
93. NNGB_moderate_norm_dur_with_bout
94. NNGB_moderate_norm_dur_without_bout
95. NNGB_sedentary_dur_with_bout
96. NNGB_sedentary_dur_without_bout
97. NNGB_very_vig_dur_with_bout
98. NNGB_very_vig_dur_without_bout
99. NNGB_vigorous_dur_with_bout
100.
NNGB_vigorous_dur_without_bout
101.
NNGB_vigorous_norm_dur_with_bout
102.
NNGB_vigorous_norm_dur_without_bout
103.
PAR_active
104.
PAR_cycling
105.
PAR_inactive
106.
PAR_lying
107.
PAR_moving
108.
PAR_shuffling
109.
PAR_sitting
110.
PAR_standing
111.
PAR_static
112.
METS_active_time
113.
METS_sedentary_time
114.
METS_modereate_time
115.
METS_vigorous_time
116.
PERIODS_moving
117.
PERIODS_shuffling
118.
PERIODS_sitting
119.
PERIODS_standing
120.
PERIODS_static
121.
PERIODS_walking
122.
PERIODS_stairwalking
123.
PERIODS_not_worn
124.
TEE_active
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79. Kin_stsi_max_ext_ang_vel (TUG)
80. Kin_stsi_max_flex_ang_vel
(TUG)
81. Kin_turn2_max_yaw_vel (TUG)
82. Sit_to_stand_peack_rate_pwr
(STS)
83. Sit_to_stand_rate_pwr_devel
(STS)
84. Sit_to_stand_stand_dur (STS)
85. Sit_to_stand_time_peak_pwr
(STS)
86. Stand_to_sit_peak_rate_pwr_devel
(STS)
87. Stand_to_sit_rate_pwr_devel
(STS)
88. Stand_to_sit_sit_dur (STS)
89. Stand_to_sit_time_peak_pwr
(STS)
90. accAn_HP_RMS_AP
91. accAn_HP_RMS_ML
92. accAn_HP_RMS_VEC
93. accAn_Jerk_AP
94. accAn_JERK_ML
95. accAn_MA_mean_AP
96. accAn_MA_mean_ML
97. accAn_MA_mean_VEC
98. accAn_MA_RMS_AP
99. accAn_MA_RMS_ML
100.
accAn_MA_RMS_VEC
101.
accAn_RMS_AP
102.
accAn_RMS_ML
103.
displAn_RMS_AP
104.
displAn_RMS_ML
105.
displAn_RMS_VEC
106.
measData_dur
107.
velAn_RMS_AP
108.
velAn_RMS_ML
109.
Stops
110.
D_tStand
111.
S_chairStand
112.
S_gaitSpeed
113.
S_tStand

125.
126.
127.
128.
129.

TEE_cycling
TEE_inactive
TEE_lying
TEE_moving
TEE_shuffling
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Appendix J
Q1. Over the past 7 days, how often did you participate in sitting activities such as
reading, watching TV, or doing handcrafts?
Visiting with others, sewing, paperwork, playing musical instruments, playing cards,
and/or bingo are considered sitting activities.
Example: The participant watches TV every day, code sitting activities as often (5-7
days)
Q1b. On average, how many hours per day did you engage in these sitting activities?
The two items that ask about sitting activity are for the participant to think of activities
and time spent. However, these items are not included in the PASE scoring of overall
physical activity.
Q2. Over the past 7 days, how often did you take a walk outside your home or yard
for any reason? For example, for fun or exercise, walking to work, walking
the dog, walking in a mall, etc?
This level of activity includes treadmill walking. See Appendix A for other applicable
activities.
Any specific leisure time, household or work related activity that involves walking is
coded entirely under the appropriate activity category (light, moderate, or strenuous sport
and recreation, muscle strength and endurance, or work related). Hence, walking as part
of golf would be coded only as moderate sport and recreation (see other item) and not as
walking. A key component here is walking outside the home, so if a participant says “I
walk around my building”, leaving the apartment or flat is important, but only if leaving
the home area. Walking to the mailbox or mail area is NOT walking outside the home
(typically, unless a rural area). Walking within the participant’s yard is not included.
Example: The participant walks three times a week, 3-4 times each day for 15 minutes.
Throughout the PASE, the number of days rather than the number of occasions is coded.
Therefore, the participant walked sometimes (3-4 days).
Q2a. On average, how many hours per day did you spend walking?
Example: The participant walks 30 minutes to 1.5 hours per day. The average time spent
walking was 1 hour. Code one but less than 2 hours per day.
Q3. Over the past 7 days, how often did you engage in light sport or recreational
activities such as bowling, golf with a cart, shuffleboard, fishing from a boat
or pier or other similar activities?
Example: The participant plays golf 4 days per week for 4 hours/day. Three days a
week, the golfer uses a power cart. One day a week, the golfer walks the course either
pulling a cart, carrying the clubs or the caddy carries the clubs. Only golf with a power
cart would be coded under light sport and recreation. Specifically, the participant golfed
197

with a cart sometimes (3-4 days/week) for 2-4 hours/day. Golfing without a cart would
be marked under moderate sport and recreation as seldom (1-2) days for 2-4 hours/day.
Putting or hitting golf balls at a driving range are coded for light sport and recreation
Stretching is not coded under any activity category in the PASE.
Q3b. On average, how many hours per day did you engage in these light sport or
recreational activities?
Example: The participant golfs using a power cart 3 days a week for 2-4 hours a day.
Code 2-4 hours.
If a participant considers an activity “LIGHT Sport/Recreational” that Appendix A or an
example on the questionnaire places in a different category, THE PASE
CATEGORY IS USED AND NOT THE RESPONDENT’S CHOICE. For example,
a participant swims laps and considers this activity Light rather than Strenuous Sport &
Recreation. Swimming laps is coded a Strenuous Activity regardless of the respondent’s
assessment of the activity’s intensity. Appendix A lists pre-assigned categories of
activities.
Q4. Over the past 7 days, how often did you engage in moderate sport or
recreational activities such as doubles tennis, ballroom dancing, hunting, ice
skating, golf without a cart, softball or other similar activities?
This level of activity includes most types of dancing, square dancing, ballet, social as
well as ballroom dancing listed above. See Appendix A for applicable activities.
Gardening and lawn work are not coded under leisure time activities. Gardening and
lawn work are considered household activities. Q9b addresses lawn work and Q9c
pertains to gardening.
Q4b. On average, how many hours per day did you engage in these moderate sport
or recreational activities?
Q5. Over the past 7 days, how often did you engage in strenuous sport or
recreational activities such as jogging, swimming, cycling, singles tennis,
aerobic dance, skiing (downhill or cross country or other similar activities?
Example: The participant swims laps but considers the activity light rather than
strenuous sport and recreation. This participant would get coded into this category. As
noted above, swimming laps is coded a strenuous sport and recreational activity
regardless of the participant’s assessment of the activity’s intensity. See Leisure time
activities categories in Appendix A.
Q5b. On average, how many hours per day did you engage in these strenuous
activities?
Example: The participant takes a one-hour aerobics class, 3 days per week. The class
consists of 20 minutes of stretching and 40 minutes of aerobic dance. The 40 minutes of
aerobic dance would be coded under strenuous activities, The 20 minutes of stretching
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would not be coded under any activity category. Under strenuous activities, the
interviewer would choose less than one hour a day for 34 days per week.
Climbing stairs as part of an exercise regimen is coded under strenuous sport and
recreation. However, stair climbing as part of daily activities is not coded in the PASE.
Q6. Over the past 7 days, how often did you do any exercises specifically to increase
muscle strength or endurance, such as lifting weights or pushups, etc?
Strenuous work activity, such as moving furniture, is not included in this question. Only
activities that are done specifically to increase muscular strength and endurance are used
in this question.
Q6a. On average, how many hours per day did you engage in exercises to increase
muscle strength or endurance, such as lifting weights, pushups, or physical
therapy with weights, etc.?
The exercise activities also may include isometrics. Physical therapy with weights
includes hand-held weights and resistance therapy bands.
Q7. During the past 7 days, have you done any light housework, such as dusting,
washing or drying dishes, or ironing?
Drying dishes, clothes washing, ironing, hanging up laundry, taking out the garbage and
preparing meals are considered light housework. See Appendix A for applicable
activities.
Q8. During the past 7 days, have you done any heavy housework or chores such as
vacuuming, scrubbing floors, washing windows, or carrying wood?
This level of activity includes moving heavy boxes. Stacking wood as a household chore
is considered to be heavy housework. See Appendix A for applicable activities.
Q9a. During the past 7 days, did you engage in home repairs like painting,
wallpapering, electrical work, etc.?
Home repair includes home improvement and maintenance projects such as painting,
plumbing, and carpentry. See Appendix A for applicable activities.
Q9b. During the past 7 days, did you engage in lawn work or yard care, including
snow or leaf removal, chopping wood, etc?
Snow removal (sweeping snow, shoveling snow or using a snow blower) is considered to
be lawn work or yard care. Lawn mowing is counted as lawn work regardless of the type
of mower (riding, power or push) used. Chopping wood outdoors should be coded in this
item.
Q9c.
During the past 7 days, did you engage in outdoor gardening?
Example: Participant does outdoor gardening in season. In February, the participant has
not yet started the garden yet. In this example, Outdoor gardening is coded “no.” Only
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activities performed during the past seven days are coded. If the participant does not
have a garden, the item is coded “no”.
Q9d. During the past 7 days, did you engage in caring for another person such as a
child, dependent spouse, or another adult?
Dependency is defined as a person requiring assistance with activities of daily living
(food preparation, personal hygiene, household cleaning). Division of labor within a
household (i.e. meal preparation, laundry, yard work) is not considered dependency.
Babysitting is included in this item. Babysitting is not included in Q10 (below) as a work
related activity. Pet care is not considered part of this item.
Q10. During the past 7 days, did you work for pay or as a volunteer?
Only work (paid or volunteer) performed during the past 7 days is coded.
Q10a. How many hours per week did you work for pay and/or as a volunteer?
Participants should be encouraged to give their best estimate of the number of hours they
worked during the previous seven days. However, if a range of hours is reported (e.g. 1520 hours), use the midpoint of the range as an estimate.
If a participant did both paid and volunteer in past 7 days, sum the number of hours.
Q10b. Which of the following categories best describes the amount of physical
activity required on your job and/or volunteer work?
Category 1 (“Mainly sitting with slight arm movements”) includes examples such as:
office worker, watchmaker, seated assembly line worker, bus driver, etc.
Category 2 (“Sitting or standing with some walking”) includes examples such as: cashier,
general office worker, light tool and machinery worker.
Category 3 (“Walking, with some handling of materials generally weighing less than 50
pounds” includes examples such as: mailman, waiter/waitress, construction
worker, heavy tool and machinery worker.
Category 4 (“Walking and heavy manual work often requiring handling of materials
weighing over 50 pounds”) includes examples such as: lumberjack,
stonemason, farm or general laborer].
If the participant indicates two categories of physical activity required on the job or
volunteer work, the higher rather than lower activity levels are coded.
Example: The participant works half the time sitting or standing with some walking, and
the other half of the time walking, with some handling of materials.

200

Appendix K
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Appendix L

Timed Up and Go Test
1. Equipment: Chair with arms, tape measure, tape and stop watch
2. Begin the test with the subject sitting correctly in a chair with arms. The subject’s
3.
4.
5.
6.

back should be resting on the back of the chair.
Place a piece of tape or other marker on the floor in front of the subject and 3 metres
away from the chair so that it is easily seen by the subject. The subject must have
both feet behind the marker.
Instructions: On the word “GO” you will stand up, walk past the line on the floor,
turn around and walk back to the chair and sit down. Walk at your regular speed.
Start timing on the word “GO” and stop timing when the subject is seated again
correctly in the chair with their back resting on the back of the chair
The subject wears their regular footwear, may use any gait aid that they normally use
during ambulation, but may not be assisted by another person. There is no time limit.
They may stop and rest (but may not sit) if they need to.

Indication of:






Gait speed
Balance
Functional Level
Ability to go out

Time
< 10 secs = Normal
< 20 secs = Good mobility, out alone, mobile without aid
> 30 secs = Mobility problems
Gait speed
< 20 secs = > 0.5 m/sec
0.5 m/sec = Minimum required time to cross the street
1.0 m/sec = Average gait speed for elderly
Reference
Podsiadlo D, Richardson S.
The timed "Up & Go": a test of basic functional mobility for frail elderly persons.
J Am Geriatr Soc. 1991 Feb;39(2):142-8.
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Appendix M
Medical Outcomes Study Questionnaire Short Form 36 Health Survey

This survey asks for your views about your health. This information will
help keep track of how you feel and how well you are able to do your usual
activities. Thank you for completing this survey! For each of the following
questions, please circle the number that best describes your answer.
1. In general, would you say your health
is:
Excellent
Very good
Good
Fair
Poor
2. Compared to one year ago,
Much better now than one year ago
Somewhat better now than one year ago
About the same
Somewhat worse now than one year ago
Much worse now than one year ago

1
2
3
4
5
1
2
3
4
5

3. The following items are about activities you might do during a typical
day. Does your health now limit you in these activities? If so, how much?
(Circle One Number on Each Line)

a. Vigorous activities, such as running, lifting
heavy objects, participating in strenuous sports
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Yes,
Yes,
Limited Limited
a
a
Lot (1)
Little
(2)
1
2

No, Not
limited
at
All (3)
3

b. Moderate activities, such as moving a table,
pushing a vacuum cleaner, bowling, or playing
golf
c. Lifting or carrying groceries
d. Climbing several flights of stairs
e. Climbing one flight of stairs
f. Bending, kneeling, or stooping
g. Walking more than a mile
h. Walking several blocks
i. Walking one block
j. Bathing or dressing yourself

1

2

3

1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3

4. During the past 4 weeks, have you had any of the following problems
with your work or other regular daily activities as a result of your physical
health?
(Circle One Number on Each Line)

a. Cut down the amount of time you spent on work or other
activities
b. Accomplished less than you would like
c. Were limited in the kind of work or other activities
d. Had difficulty performing the work or other activities (for
example, it took extra effort)

Yes
(1)
1

No
(2)
2

1
1
1

2
2
2

5. During the past 4 weeks, have you had any of the following problems
with your work or other regular daily activities as a result of any emotional
problems (such as feeling depressed or anxious)?
(Circle One Number on Each Line)

a. Cut down the amount of time you spent on work or other
activities
b. Accomplished less than you would like
c. Didn't do work or other activities as carefully as usual
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Yes
1

No
2

1
1

2
2

6. During the past 4 weeks, to what extent has your physical
health or emotional problems interfered with your normal
social activities with family, friends, neighbors, or groups?
Not at all
Slightly
Moderately
Quite a bit
Extremely
7. How much bodily pain have you had during the past 4
weeks?
None
Very mild
Mild
Moderate
Severe
Very severe
8. During the past 4 weeks, how much did pain interfere with
your normal work (including both work outside the home and
housework)?
Not at all
A little bit
Moderately
Quite a bit
Extremely

1
2
3
4
5

1
2
3
4
5
6

1
2
3
4
5

These questions are about how you feel and how things have been with you
during the past 4 weeks. For each question, please give the one answer that
comes closest to the way you have been feeling. (Circle One Number on
Each Line)
9. How much of the time during the past 4 weeks . . .
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a. Did you feel full of pep?
b. Have you been a very
nervous person?
c. Have you felt so down in
the dumps that nothing
could cheer you up?
d. Have you felt calm and
peaceful?
e. Did you have a lot of
energy?

f. Have you felt
downhearted and blue?
g. Did you feel worn out?
h. Have you been a happy
person?
i. Did you feel tired?

All of
the
Time

Most
of
the
Time

1
1

2
2

A
Good
Bit of
the
Time
3
3

1

2

1

Some of
A
the
Little
Time
of the
Time

None
of
the
Time

4
4

5
5

6
6

3

4

5

6

2

3

4

5

6

1

2

3

4

5

6

All of
the
Time

Most
of
the
Time

Some
of
the
Time

A
Little
of the
Time

None
of
the
Time

1

2

A
Good
Bit of
the
Time
3

4

5

6

1
1

2
2

3
3

4
4

5
5

6
6

1

2

3

4

5

6

10. During the past 4 weeks, how much of the time has your
physical health or emotional problems interfered with your
social activities (like visiting with friends, relatives, etc.)?
(Circle One Number)
All of the time
Most of the time
Some of the time
A little of the time
None of the time
206

1
2
3
4
5

11. How TRUE or FALSE is each of the following statements for you.
(Circle One Number on Each Line)

a. I seem to get sick a little
easier than other people
b. I am as healthy as
anybody I know
c. I expect my health to get
worse
d. My health is excellent

Definitely
True
1

Mostly Don't Mostly Definitely
True Know False
False
2
3
4
5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
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Appendix N
PROMIS- 10
Global01

In general, would you say your health is: ...........











5

4

3

2

1

Global02

In general, would you say your quality of life is:
..........................................................................











5

4

3

2

1

Global03

In general, how would you rate your physical
health? ................................................................











5

4

3

2

1

Global04

In general, how would you rate your mental
health, including your mood and your ability to
think? .............................................................











5

4

3

2

1

Global05

In general, how would you rate your satisfaction
with your social activities and relationships?
......................................................











5

4

3

2

1

In general, please rate how well you carry out
your usual social activities and roles. (This
includes activities at home, at work and in your
community, and responsibilities as a parent,
child, spouse, employee, friend, etc.) ......











5

4

3

2

1

Completely

Mostly

Moderately

A little

Not at all











5

4

3

2

1

Global09r

Global06

To what extent are you able to carry out your
everyday physical activities such as walking,
climbing stairs, carrying groceries, or moving a
chair? ................................................................
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In the past 7 days…
Never

Global10r

Global08r

Global07r

How often have you been bothered by
emotional problems such as feeling anxious,
depressed or irritable?
..........................................

How would you rate your fatigue on
average?
...............................................................

How would you rate your
pain on average? .......


0


1

2

No
pain

Rarely

Often

Always











5

4

3

2

1

None

Mild

Moderate

Severe

Very
severe











5

4

3

2

1


3

Sometimes


4

5


6




7

8

9

10
Worst
pain
i
maginable
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Appendix O
Post-Testing Questionnaire

Participant ID: ___________

1) Do you think that this past week you exercised and wore the sensor was a typical
week for you in terms of activity, health etc [report sickness, injury, or any other
atypical events that may have affected data]?

2) How would you rate the overall experience with using the sensor during the test
week?
1. Very good
2. Good
3. Neutral
4. Poor
5. Very poor

3) Do you feel like wearing the sensor changed or interfered with your typical
activities such as movement, sleep, sitting position, etc? [Look for any influence
of the sensor on their typical activities, comfort, etc – try to obtain reasons for answer
in #2 above].
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4) Any other comments or concerns about the sensors or the test week?

*5) How much do you think the recommendations we gave you influenced your
activity this week?

0

100

*6) Did you find receiving your physical performance updates was motivating or
discouraging?

*7) To what extent do you think the updates (motivated / discouraged ) you?

0

100

*These questions are only asked at the ends of weeks 2, 3, and 4.
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Appendix P
DEMOGRAPHIC AND INTAKE QUESTIONNAIRE
Participant Name: ______________________ Phone Number: _____________________
Participant ID: ______________________Date of Birth: __________________________
Height: ______________________________ Weight: ____________________________
Which best describes your race/ethnicity? (please check)
Aboriginal/Native American/American Indian
African American/Black
Asian American/Asian/Pacific Islander
Caucasian/White/European
Hispanic/Latino/Latina
Biracial/Multiracial
Other (please specify): __________________
Home Address:
________________________________________________________________________
________________________________________________________________________
__________________________

Name of Third Party (if applicable):
_______________________________________________________
Phone Number:
_______________________________________________________________________
Address:________________________________________________________________
________________________________________________________________________
__________________________
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Please complete the following questions:
1. Where did you hear about our study?

2. Why did you decide to volunteer for this study?

3. Did you previously participate in the mobility study? YES / NO, if yes…
a. When?
___________________________________________________________
b. Participant ID:
_____________________________________________________
c. Complete data?: YES / NO, if no…
i. What is missing:
_____________________________________________

4. Are you a member of the Currie Centre gym or any other gyms? How many any
other fitness clubs or groups?

5. How does your participation in physical activity differ between the summer and
winter months?

6. To what extent do you feel like you will be able to meet your goals?
0

100

7. What do you think might be some barriers to engaging in more physical activity?
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Appendix Q
Participant ID: _________

Date

Meeting

Activity

Day

Welcome session

Day 1

Time

Capacity Testing*
Week 1

Days 2 – 8

Exchange Sensor & Meet with

Day 9

Researcher
Week 2

Days 10 – 16

Exchange Sensor & Meet with

Day 17

Researcher
Week 3

Days 18 – 24

Return sensor and complete post-

Day 25

questionnaires
*The welcome session and the capacity testing will be completed in the same
appointment UNLESS one of the following 2 conditions is met:
1. You score less than 3/5 on the Mini Cog. This means that you must return with
a third-party witness to consent on your behalf.
2. You wish to discuss your GAQ results with a qualified health or exercise
professional.
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Things to Remember:
Recording will automatically start, but please check to ensure that
there is a blinking green light. If there is no light, or the light is red,
immediately call the researcher.
Sensor may be worn under or over clothing – whichever is most
comfortable to you.
Please wear the sensor 24/7, except for bathing/water-based
activities. The sensor is not waterproof.
Please refer to figure 1. for a reminder of how to properly wear the
sensor.

Figure 1.

Please use the following contact information should you have any
questions/concerns or run into any issues during your participation:
Email: ewright@unb.ca
Phone: (506) 453-4922 OR (506) 453-4912 OR (506) 425-0374
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Appendix R
For each of the following statements, please indicate how true it is for you, using the
following scale:
1
2
3
4
5
6
7
not at all
true

somewhat
true

very
true

Perceived Competence
I think I am pretty good at this activity.
I think I did pretty well at this activity, compared to other students.
After working at this activity for awhile, I felt pretty competent.
I am satisfied with my performance at this task.
I was pretty skilled at this activity.
This was an activity that I couldn’t do very well.
(R)
Effort/Importance
I put a lot of effort into this.
I didnÕt try very hard to do well at this activity. (R)
I tried very hard on this activity.
It was important to me to do well at this task.
I didnÕt put much energy into this.
(R)
Perceived Choice
I believe I had some choice about doing this activity.
I felt like it was not my own choice to do this task.
(R)
I didnÕt really have a choice about doing this task. (R)
I felt like I had to do this.
(R)
I did this activity because I had no choice.
(R)
I did this activity because I wanted to.
I did this activity because I had to.
(R)
Value/Usefulness
I believe this activity could be of some value to me.
I think that doing this activity is useful for ______________________
I think this is important to do because it can _____________________
I would be willing to do this again because it has some value to me. I think doing this
activity could help me to ____
I believe doing this activity could be beneficial to me. I think this is an important activity.
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Appendix S
DEBRIEFING FORM
Thank you for participating in our study! The purpose of this study was to explore
the effect of pre-event feedback and performance feedback on the physical activity of older
adults, while considering their physical capacity. We did this by delivering physical
activity recommendations for step count, active time, and sitting time and then providing
performance updates of average levels for each week. These recommendations were
tailored to each individual, meaning that you were given a different recommendation than
the other participants. However, these numbers were not arbitrarily chosen, but rather based
off extensive research and empirical support.
While the benefits of physical activity are well supported (e.g., reduced risk of heart
disease, diabetes, all-cause mortality), physical activity levels are low, particularly among
the older adult population. This leads to a significant economic impact on both the
individual and society, as well as emotional stress and reduced quality of life. It is for this
reason that we wanted to try to increase activity levels using goal-setting, a commonly used
approach. However, the relationship between physical capacity and physical activity is one
that has not properly been explored, thus we looked to incorporate physical capacity into
our intervention. Participants’ physical capacity was considered as those who scored less
than 10 on the SPPB had lower recommendations than those who scored 10 or greater. This
is to account for the fact that lower SPPB scores are associated with greater odds of
mobility impairments and functional limitations. Additionally, physical capacity scores
will be considered while evaluating the effectiveness of the goal-setting and
recommendations.
We would like to once again sincerely thank you for participating in this study. We
are confident that your participation will advance our understanding of how one’s physical
capacity influences both their physical activity levels and their ability to improve upon this
level. Please see the references below for more information on the relationship between
physical capacity and physical activity, the benefits of physical activity, and goal-setting
interventions.
Contact Person: If you have any questions about your participation in this study or would
like to request a summary of the research findings, please contact one or more of the
following:



Experimenter/Principle Investigator: Emily Wright at ewright@unb.ca
Supervisors: Dr. Victoria Chester; vchester@unb.ca ; (506) 458 – 7589
: Dr. Usha Kurganti; ukurugan@unb.ca; (506) 447 – 3101
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Mental Health Contact: We do not anticipate any adverse effects, but in the event that
your participation in this study creates any form of distress, we advise you to contact one
of the many counselling services available in Fredericton, NB. In the event of a clinical
emergency, please contact 911 immediately or visit your nearest emergency room.
If you have any ethical concerns about this experiment and would like to speak to someone
who is not involved, please contact the director of the Chair of the UNB Research Ethics
Board, Dr. Steven Turner, (ethics@unb.ca)
van Lummel, R., Walgaard, S., Pijnappels, M, Elders, P, Garcia-Aymerich, J., van Dieen,
J., & Beek, P. (2015). Physical performance and physical activity in older adults:
Associated but separate domains of physical function in old age, PLOS ONE,
10(12), 1-16.
Wack, S., Crosland, K., & Miltenberger, R. (2014). Using goal setting and feedback to
increase weekly running distance. Journal of Applied Behaviour Analysis, 47 (1),
181-185.
Warburton, D., Nicol, C., & Bredin, S. (2006). Health benefits of physical activity: the
evidence. Canadian Medical Association Journal, 174(6), 801-809.
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Appendix T
Table 1.
MoveMonitor variables deemed appropriate (n = 69).
1. ACSM_light_dur_with_bout
2. ACSM_sedentary_dur_with_bout
3. ACSM_sedebtary_dur_without_bout
4. ACSM_moderate_norm_dur_with_bout
5. ACSM_moderate_norm_dur_without_bout
6. ACSM_vigorous_norm_dur_with_bout
7. ACSM_vigorous_norm_dur_without_bout
8. AEE_active
9. AEE_cycling
10. AEE_inactive
11. AEE_lying
12. AEE_shuffling
13. AEE_standing
14. BMR
15. DUR_max_active
16. DUR_max_cycling
17. DUR_max_lying
18. DUR_max_shuffling
19. DUR_max_sitting
20. DUR_max_standing
21. DUR_max_walking
22. DUR_mean_active
23. DUR_mean_cycling
24. DUR_mean_lying
25. DUR_mean_shuffling
26. DUR_mean_sitting
27. DUR_mean_standing
28. DUR_mean_walking
29. DUR_median_active
30. DUR_median_cycling
31. DUR_median_lying
32. DUR_median_sitting
33. DUR_median_standing
34. DUR_median_walking
35. DUR_total_active
36. DUR_total_cycling
37. DUR_total_inactive
38. DUR_total_lying
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47. MI_standing
48. MI_worn
49. PAL
50. PERIODS_active
51. PERIODS_cycling
52. PERIODS_inactive
53. PERIODS_lying
54. STEPS
55. BMR
56. TRANSITIONS_lyst
57. TRANSITIONS_lywa
58. TRANSITIONS_sish
59. TRANSITIONS_sist
60. TRANSITIONS_siwa
61. WALKING_dur_total_10
62. WALKING_dur_total_10_20
63. WALKING_dur_total_20
64. VMU_active
65. VMU_cycling
66. VMU_inactive
67. VMU_lying
68. VMU_shuffling
69. VMU_standing

39. DUR_total_shuffling
40. DUR_total_sitting
41. DUR_total_walking
42. MI_active
43. MI_cycling
44. MI_inactive
45. MI_lying
46. MI_shuffling
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Appendix U
Table 1.
Eliminated variables (n = 124) from the MoveMonitor outcome variables.
1. ACSM_very_vig_dur_with_bout
2. ACSM_very_vig_dur_without_bout
3. ACSM_vigorous_dur_with_bout
4. ACSM_vigorous_dur_without_bouth
5. ACSM_METmin_with_bout
6. ACSM_METmin_without_bout
7. AEE_moving
8. AEE_sitting
9. AEE_static
10. AEE_walking
11. AEE_stair_walking
12. AEE_worn
13. MI_moving
14. MI_sitting
15. MI_static
16. MI_walking
17. MI_stair_walking
18. NNGB_light_dur_with_bout
19. NNGB_light_dur_without_bout
20. NNGB_METmin_with_bout
21. NNGB_METmin_without_bout
22. NNGB_moderate_dur_with_bout
23. NNGB_moderate_dur_without_bout
24. NNGB_moderate_norm_dur_with_bout
25. NNGB_moderate_norm_dur_without_bout
26. NNGB_sedentary_dur_with_bout
27. NNGB_sedentary_dur_without_bout
28. NNGB_very_vig_dur_with_bout
29. NNGB_very_vig_dur_without_bout
30. NNGB_vigorous_dur_with_bout
31. NNGB_vigorous_dur_without_bout
32. NNGB_vigorous_norm_dur_with_bout
33. NNGB_vigorous_norm_dur_without_bout
34. PAR_active
35. PAR_cycling
36. PAR_inactive
37. PAR_lying
38. PAR_moving
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61. TEE_sitting
62. TEE_standing
63. TEE_static
64. TEE_walking
65. TEE_stairwalking
66. TEE_worn
67. PAR_walking
68. PAR_stair_walking
69. VMU_moving
70. VMU_sitting
71. VMU_static
72. VMU_walking
73. VMU_stair_walking
74. VMU_worn
75. WALKING_DUR_max
76. WALKING_DUR_median
77. WALKING_DUR_total
78. WALKING_MI
79. WALKING_MI_10
80. WALKING_MI_10.20
81. WALKING_MI_20
82. WALKING_PERIODS
83. WALKING_PERIODS_10
84. WALKING_PERIODS_10.20
85. WALKING_PERIODS_20
86. WALKING_Steps
87. WALKING_Steps_10
88. WALKING_Steps_10.20
89. WALKING_Steps_20
90. TRANSITIONS_lysh
91. Step_score
92. COUNTS_total
93. Validity
94. VMU_score
95. DUR_max_inactive
96. DUR_max_moving
97. DUR_max_total
98. DUR_max_static

39. PAR_shuffling
40. PAR_sitting
41. PAR_standing
42. PAR_static
43. METS_active_time
44. METS_sedentary_time
45. METS_modereate_time
46. METS_vigorous_time
47. PERIODS_moving
48. PERIODS_shuffling
49. PERIODS_sitting
50. PERIODS_standing
51. PERIODS_static
52. PERIODS_walking
53. PERIODS_stairwalking
54. PERIODS_not_worn
55. TEE_active
56. TEE_cycling
57. TEE_inactive
58. TEE_lying
59. TEE_moving
60. TEE_shuffling

99. DUR_max_worn
100.
DUR_max_stairwalking
101.
DUR_max_not_worn
102.
DUR_mean_moving
103.
DUR_mean_inactive
104.
DUR_mean_total
105.
DUR_mean_static
106.
DUR_mean_not_worn
107.
DUR_mean_stairwalking
108.
DUR_mean_total
109.
DUR_mean_worn
110.
DUR_median_total
111.
DUR_median_worn
112.
DUR_median_moving
113.
DUR_median_not_worn
114.
DUR_median_inactive
115.
DUR_median_shuffling
116.
DUR_median_static
117.
DUR_median_total
118.
DUR_total_standing
119.
DUR_total_static
120.
DUR_total_worn
121.
DUR_total_moving
122.
DUR_total_not_worn
123.
DUR_total_stair_walking
124.
DUR_total_total

222

Appendix V
Table 1.
MoveTest variables approved for analysis (n = 57 + 1 = 58).
1. SitToStand_ext_dur
31. D_chairStand
2. SitToStand_ext_range
32. D_gaitSpeed
3. SitToStand_flex_dur
33. D_slowWalk
4. SitToStand_flex_range
34. S_total
5. SitToStand_max_ext_ang_vel
35. Dur_total_dur
6. SitToStand_max_flex_ang_vel
36. Dur_turn1_dur
7. SitToStand_max_ver_vel
37. Dur_walk1_dur
8. SitToStand_mean_pwr
38. Dur_walk2_dur
9. SitToStand_peak_pwr
39. Kin_turn1_max_yaw_vel
10. SitToStand_total_dur
40. accAn_Ecc
11. StandToSit_ext_dur
41. accAn_HP_Mean_AP
12. StandToSit_ext_range
42. accAn_HP_Mean_ML
13. StandToSit_flex_dur
43. accAn_HP_Mean_VEC
14. StandToSit_flex_range
44. accAn_Mean_AP
15. StandToSit_max_ext_ang_vel
45. accAn_Mean_ML
16. StandToSit_max_flex_ang_vel
46. accAn_MPF
17. StandToSit_mean_pwr
47. accAn_SwayAngle
18. StandToSit_min_ver_vel
48. displAn_Area
19. StandToSit_peak_pwr
49. displAn_Ecc
20. StandToSit_total_dur
50. displAn_Mean_AP
21. Total_Dur*
51. displAn_Mean_ML
22. Distance
52. displAn_Mean_VEC
23. Step_length_mean
53. displAn_Path
24. Step_length_sd
54. displAn_SwayAngle
25. Stepfrequency_mean
55. velAn_Ecc
26. Stepfrequency_sd
56. velAn_Mean_AP
27. Turns_mean_duration
57. velAn_mean_ML
28. Turns_sd_duration
58. velAn_SwayAngle
29. Velocity_mean
30. Velocity_sd
*Total_dur is a variable we created to determine the total duration of one sit to stand
transition.
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Appendix W
Table 1.
MoveTest variables deemed irrelevant for analysis (n = 50)
1. Trajectories (6MWT)
2. Turns_n_clockwise (6MWT)
3. Turns_n_counter_clockwise
(6MWT)
4. D_sbsStand (SPPB)
5. D_stStand (SPPB)
6. S_sbsStand (SPPB)
7. S_stStand (SPPB)
8. Dur_sist_ext_dur (TUG)
9. Dur_sist_flex_dur (TUG)
10. Dur_sist_total_dur (TUG)
11. Dur_stsi_ext_dur (TUG)
12. DUR_stsi_flex_dur (TUG)
13. DUR_stsi_total_dur (TUG)
14. Dur_turn2_dur (TUG)
15. Kin_sist_ext_range (TUG)
16. Kin_sist_flex_range (TUG)
17. Kin_sist_max_ext_ang_vel
(TUG)
18. Kin_sist_max_flex_ang_vel
(TUG)
19. Kin_stsi_ext_range (TUG)
20. Kin_stsi_flex_range (TUG)
21. Kin_stsi_max_ext_ang_vel
(TUG)
22. Kin_stsi_max_flex_ang_vel
(TUG)
23. Kin_turn2_max_yaw_vel (TUG)
24. Sit_to_stand_peack_rate_pwr
(STS)

25. Sit_to_stand_rate_pwr_devel (STS)
26. Sit_to_stand_stand_dur (STS)
27. Sit_to_stand_time_peak_pwr (STS)
28. Stand_to_sit_peak_rate_pwr_devel
(STS)
29. Stand_to_sit_rate_pwr_devel (STS)
30. Stand_to_sit_sit_dur (STS)
31. Stand_to_sit_time_peak_pwr (STS)
32. accAn_HP_RMS_AP
33. accAn_HP_RMS_ML
34. accAn_HP_RMS_VEC
35. accAn_Jerk_AP
36. accAn_JERK_ML
37. accAn_MA_mean_AP
38. accAn_MA_mean_ML
39. accAn_MA_mean_VEC
40. accAn_MA_RMS_AP
41. accAn_MA_RMS_ML
42. accAn_MA_RMS_VEC
43. accAn_RMS_AP
44. accAn_RMS_ML
45. displAn_RMS_AP
46. displAn_RMS_ML
47. displAn_RMS_VEC
48. measData_dur
49. velAn_RMS_AP
50. velAn_RMS_ML

Table 2.
MoveTest variables deemed “okay” for future consideration (n = 5).
1. Stops
2. D_tStand
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3. S_chairStand
4. S_gaitSpeed
5. S_tStand
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