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 ABSTRACT  

THE IMPACT OF AN ONLINE MOVEMENT TRAINING PROGRAM FOR 
COMMUNITY-BASED ADULTS AND OLDER ADULTS ON BALANCE, 
PHYSICAL ACTIVITY, SELF-EFFICACY AND RESILIENCE 

Emily M. Kestle, Ph.D. 

George Mason University, 2022 

Dissertation Director: Dr. Andrew A. Guccione 

 

Objective: To examine the effects of a 30-minute, 3 times per week, 24-session at home 

online movement exercise program on balance, physical activity, self-efficacy, and 

resilience in community-based adults and older adults.  

Background: Balance impairment is a commonly reported consequence of the aging 

process. It may lead to falls, serious injuries, and physical activity avoidance. Moreover, 

these sequelae may worsen when balance impairments work in concert with the 

psychological factors of decreased self-efficacy and resilience. Fortunately, existing 

evidence supports the use of movement training programs to improve balance in older 

adults. However, there are no known studies that examine the impact of a dual-task 

online movement training program on balance, physical activity, self-efficacy, and 

resilience and associations among these factors in community-based independent living 

older adults. Several critical relationships have been identified among balance, physical 
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activity, self-efficacy, and resilience, which affect balance and physical activity after 

motor training that warrant further exploration. 

Methods: Participants between the ages of 55-80 years of age were recruited from the 

Washington, D.C. metro area, including senior independent living facilities. Eligible 

participants were asked to complete a total of 24 30-minute training sessions, 2-3 times 

per week.  

Outcome Measures: Participants completed pre- and post-test measures of static balance 

using the 4-stage balance test, physical activity using the International Physical Activity 

Questionnaire (IPAQ), self-efficacy using the confidence scale of the OPTIMAL 

instrument (OPTIMAL) and Activities-Specific Balance Confidence Scale (ABC), and 

resilience using the Connor-Davidson Resilience Scale (CD-RISC). 

Data Analysis: Statistical analysis was completed using STATA/BE version 17.0 and 

Microsoft Excel. Comparison of means pre- and post-training was performed using a 

paired t-test with a significance level of p≤0.05 to determine if there was significant 

improvement in balance, physical activity, self-efficacy, and resilience. Wilcoxon signed-

rank tests were used for comparisons of non-parametric data. Effect sizes were also 

calculated. Additionally, Pearson’s correlations were used to determine the extent to 

which self-efficacy and resilience were associated with balance and physical activity 

before and after training.  

Results: Significant differences between baseline and final measures were found for 

tandem stance, single leg stance (SLS), and CD-RISC. Moderate effect sizes were found 

for both tandem and single leg stance measures. Additionally, moderate correlations were 
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found between baseline SLS and IPAQ measures, final ABC and SLS measures, final 

OPTIMAL and SLS measures, final CD-RISC and IPAQ measures, and final SLS and 

IPAQ measures. Strength of correlations increased between baseline and final measures 

for ABC and SLS, OPTIMAL and tandem stance, OPTIMAL and SLS, OPTIMAL and 

IPAQ, CD-RISC and tandem, CD-RISC and SLS, and CD-RISC and IPAQ.  

Conclusion: Based on effect sizes, this study provides preliminary support for the 

efficacy of an at home online movement training program to make modest improvements 

in balance and physical activity, and small improvements in self-efficacy and resilience. 

Correlations among some aspects of balance, physical activity, self-efficacy, and 

resilience before and after training were also evident.  
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SPECIFIC AIMS 

Among numerous factors influencing the health of older adults (aged 65 years and 

older), a fall is a major event that may result in various functional, social, and 

psychological consequences. Balance is an essential for functional mobility and activities 

of daily living. Although physical activity is a common recommendation to promote 

healthy aging, individuals with balance impairments may avoid participating in daily and 

physical activity altogether, leading to further deconditioning, diminished lower body 

strength, and even greater vulnerability to falls and subsequent injuries. Adding to the 

complex relationship between balance and physical activity, psychological factors may 

also impede or facilitate both balance training and participation in physical activity. Self-

efficacy and resilience are two such psychological factors.  

The existing evidence supports the use of movement training programs to 

improve balance in older adults. However, there are no known studies that examine the 

impact of an online dual-task movement training program on balance, physical activity, 

self-efficacy, and resilience and associations among these factors in community-based 

independent living older adults. Several critical relationships among balance, physical 

activity, self-efficacy, and resilience that potentially affect balance and physical activity 

after motor training  warrant further exploration.                                                                                                                             

 The overarching research question of the study is: What is the impact of a dual-
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task online movement training program on balance, physical activity, self-efficacy, and 

resilience in healthy, community-dwelling older adults and to what relationships can be 

found between  and among the psychological factors, self-efficacy and resilience, and 

balance and PA? This broad research question will be answered using the following 

specific aims and hypotheses: 

Aim 1: To determine the effect of an 8-week virtual dual-task training program on 

balance, self-efficacy, resilience, and physical activity in community-dwelling adults and 

older adults. 

H1: Balance will improve as measured by the last two items of the 4-Stage 

Balance Test (length of time in tandem stance and single-leg stance (SLS)). 

H2: Self-efficacy will increase as measured by the Activities-Specific Balance 

Confidence (ABC) Scale and the confidence section of the Outpatient Physical 

Therapy Improvement in Movement Assessment Log (OPTIMAL) instrument. 

H3: Resilience will increase as measured by the Connor-Davidson Resilience 

Scale (CD-RISC). 

H4: Physical activity will increase as measured by the International Physical 

Activity Questionnaire (IPAQ). 

Aim 2: To determine the extent to which self-efficacy and resilience are associated with 

balance and physical activity before and after training in community-dwelling adults and 

older adults. 

H1: Self-efficacy and resilience before training will be positively associated with 

balance and physical activity before training. 
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H2: Balance before training will be positively associated with physical activity 

before training. 

H3: Self-efficacy and resilience after training will be positively associated with 

balance and physical activity after training. 

H4: Balance after training will be positively associated with physical activity after 

training. 

Investigation into an online dual-task movement training program to ameliorate 

balance impairment will provide clinicians with insight into more easily accessed 

movement training online, while addressing the interplay physical and psychological 

factors that contribute training outcomes. Findings may inform the design of online dual-

task movement training programs for adults and older adults living in the community. 

 

 



4 
 

BACKGROUND/ SIGNIFICANCE 

Throughout the normal aging process, musculoskeletal and sensory changes 

including joint stiffness, muscle atrophy, reduced ability to contract muscles, changes in 

gait, and vision disorders occur, leaving older adults at higher risk for balance 

impairment and subsequent falls.1 Among numerous factors influencing the health of 

older adults (aged 65 years and older), a fall is a major event that may result in various 

functional, social, and psychological consequences. Falls are the leading source of fatal 

and nonfatal injury in older adults in the United States.2,3 More than one out of every four 

older adults experience a fall each year, each time doubling the likelihood of falling 

again.3,4 In 2018, falls among older adults resulted in 3 million emergency department 

visits, 950,000 hospitalizations and 32,000 deaths caused by fall-related injuries. In this 

scenario, balance and physical activity are key elements that support a healthy aging 

process.5,6 

Balance is defined as “the ability to stay upright and steady when stationary and 

during movement”.7 Balance is essential to functional mobility and both basic and 

instrumental activities of daily living. Impaired ability to maintain balance may be related 

to a higher risk of falling.8,9 Moreover, about one third of older adults who experience a 

fall, even if uninjured, develop a fear of falling.10 This fear has been associated with even 

poorer balance performance11 and often prompts a person to avoid participating in daily 
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and physical activity altogether10, leading to further deconditioning, diminished lower 

body strength, and even greater vulnerability to falls and subsequent injuries.12 Physical 

activity, defined as “any bodily movement produced by skeletal muscles that results in 

energy expenditure”,13 is a common recommendation to promote healthy aging.14 Thus, 

in order to minimize the functional decline associated with normal aging, exercise 

programs have often been promoted over the past several decades as essential to a healthy 

lifestyle contributing to both physical and psychological well-being.15 Exercise is defined 

as “physical activity that is planned, structured, and repetitive and has as a final or 

intermediate objective in the improvement or maintenance of physical fitness”.13 Many 

exercise programs emphasize balance as fundamental to safe and efficient movement and 

function. 

The literature suggests that balance impairment can be ameliorated through 

exercise programs in healthy community-dwelling adults and older adults.7,16,17 For 

example, the widely prescribed Otago exercise program includes a progression of 

strength and balance exercises with increasing ankle weights and repetitions in 

conjunction with a walking plan.18 A systematic review found that the program was 

effective in significantly reducing the rate of falls in community-dwelling older adults.19 

Interestingly, another systematic review on exercise for balance training for older adults 

concluded that exercises that challenge balance at a high dosage and do not include a 

walking program.6 Finally, a third systematic review on balance training in older adults 

concluded that programs involving gait, balance, coordination, functional exercises, and 

strengthening exercises improve balance in certain indirect measures including the single 
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leg stance. It was also noted that this evidence is not robust, as there are large amounts of 

missing data throughout the included studies.7 

 Despite the advancements in knowledge regarding the physical impacts of 

exercise on a person’s engagement in physical activity, psychological factors impacted by 

exercise that may also impede or facilitate participation in physical activity have been 

less well studied in the physical rehabilitation literature. Self-efficacy and resilience are 

two such psychological factors that may contribute to the success of an exercise program 

to improve balance and promote physical activity.20–23 Self-efficacy has been consistently 

correlated to physical activity, functional limitations, and quality of life in older adults.24 

Self-efficacy can be summarized as, “belief in one’s capabilities to organize and execute 

the courses of action required to produce given attainments”.25 As explained by Bandura, 

an individual with low self-efficacy is less likely to exert optimal effort towards a task 

(e.g., exercise and physical activity) or persist in the face of difficulties,26 especially if 

they are already struggling with obstacles to successful performance such as moving with 

a balance impairment. Several studies suggest balance interventions grounded in 

promotion of self-efficacy are more effective than those not grounded in promotion of 

self-efficacy.27,28,29 Interestingly, self-efficacy has been reported as the most important 

variable in predicting physical activity behaviors,20,30 and also a significant predictor of 

balance performance in the stroke population.21 

Resilience has been proposed as another contributing factor to successful aging 

and quality of life.31,32 Resilience describes a person’s physical and psychological ability 

to recover and thrive in the face of adversity. In relation to the benefits of physical 
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activity, physical fitness appears to have a buffer effect against the body’s hormonal 

response to stress, contributing to reduced emotional and physiological reactivity as well 

as increased positive mood and well-being.33 Physical fitness has been defined as, “the 

ability to carry out daily tasks with vigor and alertness, without undue fatigue and with 

ample energy to enjoy leisure-time pursuits and to meet unforeseen emergencies”34. 

Furthermore, challenging physical activities have been shown to promote resilience by 

increasing confidence and mental toughness.35 Resilience has been found to improve after 

a rehabilitation program in the stroke population,36 thus indicating it can be a target 

modifiable factor in rehabilitation, yet has not been well studied outside of clinical 

populations.  

Although the literature suggests that balance impairment can be ameliorated 

through motor learning programs in healthy community-dwelling adults and older 

adults,7,16,17 best practices have not been fully identified.17,37 Motor learning is defined as 

“the acquisition and/or modification of skilled action”.38 Over the last century, the 

dominant viewpoint among numerous motor learning theories was that motor learning is 

enhanced when practice conditions make information processing more challenging.39 In 

2016, Wulf and Lewthwaite proposed the OPTIMAL (Optimizing Performance through 

Intrinsic Motivation and Attention for Learning) theory of motor learning, which was the 

first motor learning theory to take into account the mounting evidence implicating the 

role of motivational and attentional influences on motor learning and performance.39 

Wulf and Lewthwaite’s theory asserts that the three key motivational variables of 

enhanced expectancies of future performance, learner autonomy, and external focus of 
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attention are crucial for optimal motor learning and performance.  

Building on Bandura’s self-efficacy theory,25 Wulf and Lewthwaite assert that 

expectations of success or failure predict future performance. Performance expectancies 

may be determined by previous performance outcomes and can be enhanced through 

conditions that support positive feedback, lessen perceived task difficulty, increase 

conceptions of ability, and amplify positive affect.39 Performance expectancies are also 

determined by perception of task difficulty and natural ability.39 For example, an 

individual is more likely to succeed in a task if a task is presented as learnable.28 On the 

other hand, if an individual has a previous negative experience with a task and views it as 

unlearnable, the individual is less likely to succeed.27,28,39 Furthermore, providing learner 

autonomy by allowing individuals to exercise control over the environment enhances 

motivation, as it gives the learner some control of upcoming tasks.39,40 Finally, conditions 

that enhance an external focus of attention on the intended movement effect is more 

conducive to motor learning compared to an internal (body) focus of attention.39 For 

example, in golf, it is more important to focus on where you want the ball to go than your 

actual form of the golf club swinging.  
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Figure 1 Theoretical Framework 

 

Figure 1 (partially adapted from Wulf & Lewthwaite39) illustrates the theoretical 

framework for this study, applying elements of this theory of motor learning to frame the 

virtuous cycle and relationships among motor learning, physical activity, and 

psychological factors that may influence and in turn be influenced by a successful 

balance training intervention. To begin, participation in a balance training intervention 

that enhances expectancies and supports autonomy provides the opportunity for motor 

learning.39 When an individual perceives a task as “doable” and has a positive experience 

with a balance task, the feeling of intrinsic reward increases self-efficacy and enhances 

expectations of success for future performance.39 A positive experience and boost in self-
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efficacy contribute to motor learning and may function as major factors contributing to 

continued intervention participation among older adults.37,41  

The association between self-efficacy and motor learning appear to have a 

neurophysiological basis.39,42,43 The dopaminergic system has been identified as a major 

reward processor and one of its main targets is the striatum, a structure in the brain 

crucial to motor control.43 When learning a motor task, it is believed that conditions that 

enhance expectancies and/or provide autonomy stimulate a dopaminergic response, 

preparing the brain for learning and temporally linking the dopaminergic response to 

performance attempts.39,43  

There is some evidence supporting the significant roles of enhanced expectancies 

and learner autonomy in motor learning as outlined in Wulf and Lewthwaite’s theory. In 

three different studies, providing positive feedback of performance (whether true or false) 

or artificially inflating an individual’s conception of ability resulted in superior outcomes 

to the groups who did not receive conditions to enhance expectations.27,28,44 Furthermore, 

it has been reported that giving learners choices about their environment, even ones 

incidental to the task, influence learning through satisfaction of a basic psychological 

need39,45 and provide a sense of control over the upcoming tasks. Allowing learners to 

choose the duration or spacing of practice trials was found to result in more effective 

learning than the yoked control conditions.46,47 Thus, structured motor learning programs 

that support learner’s autonomy offer multiple challenges that can eventually be mastered 

and provide multiple opportunities for participants to experience personal success arising 

from their own efforts, further enhancing self-efficacy and resilience.  
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One approach to providing structured exercise programs in the home is through 

online programming. One such program is the Brain and Balance program available 

through The Braining Center, which incorporates a motor learning perspective through 

balance and cognitive exercises, with characteristics that may support self-efficacy and 

resilience. This intervention was designed to improve balance performance, 

cardiovascular endurance, and cognitive performance. The constructs of learner 

autonomy, enhanced expectancies, and external focus of attention as described by Wulf 

and Lewthwaite can be identified within this program. Learner autonomy is supported 

through participant’s choice of when (day/time), frequency, duration, dosing, and 

location of video completion. Additionally, individuals are given the choice to sit or stand 

for many exercises, thereby enhancing motivation as it gives the learner some control of 

the task at hand and may enhance expectancies39 for future tasks. The virtual avatars 

present the tasks as a learnable skill, thus supporting enhanced expectancies through 

vicarious experience and modeling by imitation of the virtual avatar. The videos may also 

enhance expectancies through verbal persuasion with the inclusion of phrases of positive 

encouragement such as, “ ‘Great job!’, ‘You did it!,’ ‘Nice effort!, and ‘You’re a 

champ!’.” However, this positive reinforcement occurs regardless of performance, so a 

participant’s notion of success may be discrepant with “correct” performance. 

Several critical relationships emerge among balance, physical activity, self-

efficacy, and resilience, which affect balance and physical activity after motor training 

that warrant further exploration. As stated above, existing evidence supports the use of 

movement training programs to improve balance in older adults.5–7,16,17 Participation in 
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physical activity provides more opportunity to improve balance through motor learning,48 

resulting in increased self-efficacy if successful.48 Additionally, individuals with high 

self-efficacy are more likely to participate in physical activity22,29,49,50 and have better 

balance.10,11,21,28,48 Furthermore, individuals with better balance are more likely to engage 

in physical activity.51 Ultimately, balance impairment may contribute to decreased SE 

and resilience, loss of independence, and poor quality of life.52–54 Also, challenging 

physical activity has been shown to increase resilience.35 However, there are no known 

studies that examine the impact of an online movement training program on balance, 

physical activity, self-efficacy, and resilience and associations among these factors in 

community-based adults and older adults. Given the high incidence of falls and their 

severe repercussions, investigation into an easily accessible, online motor learning 

intervention to improve balance and increase physical activity, self-efficacy, and 

resilience in older adults is critical.  

Thus, the aim of the study is to investigate the impact of an easily accessible, 

online dual-task motor training program on balance, physical activity, self-efficacy, and 

resilience and the associations among these variables before and after training in healthy 

community-dwelling adults and older adults. 



13 
 

METHODS 

Study Design 

This single-arm prospective pre-experimental study consisted of 24 virtual 

training sessions over an 8 to 12-week period with pre- and post-training assessments. 

We proposed to test the hypothesis that Brain and Balance, a proprietary online program 

marketed under POWER BRAINing™ (The Braining Center, 2020), will improve 

balance, increase physical activity, self-efficacy, and resilience. 

Target Population and Sample 

The target population for this study included men and women, in generally good 

health, between the ages of 55 to 80 residing in the greater Washington DC metro area. 

The target sample was a convenience sample of individuals who may or may not reside in 

an independent living facility. 
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Figure 2 Schematic of Data Collection 

 

Recruitment 

Participants were recruited from the local community and from a local 

independent senior living facility through The Braining Center. Methods for recruitment 

included advertisements through emails, flyers, social media, and word of mouth. 

Approval of all marketing materials was obtained from appropriate personnel at the 

independent living facility prior to its distribution. 

Participant Selection 

Prospective participants initiated contact with the research team by emailing the 

designated study email address. A graduate research assistant responded to the inquiry by 

answering any questions and, if interested, scheduled a Zoom call to determine if the 
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individual met basic eligibility. During the call, the screening tool was administered by 

the research assistant and recorded in the REDCap platform. This questionnaire is study-

specific, developed to assess the eligibility criteria of inquiring individuals and provide 

standardized information regarding the purpose of this study. If the individual passed the 

screening tool, they then received a secure link via Zoom to complete an electronic 

version of the Physical Activity Readiness Questionnaire (PAR-Q),55 which was used to 

assess an individual's physical fitness level and ability to engage in physical activity.  If 

the individual answered “yes” to one or more questions on the PAR-Q they were deemed 

ineligible to participate due to risk factors. 

Inclusion and Exclusion Criteria 

Inclusion: Individuals between 55-80 years who have the ability to take at least 4 

steps without an assistive device and the ability to speak English and exhibit competence 

in basic computer skills. Exclusion: Uncontrolled cardiovascular, pulmonary, 

neurological, or metabolic disease (excluding obesity), which may impact the ability to 

exercise or in which exercise is contraindicated; or cognitive or psychiatric impairment 

precluding informed consent or ability to follow instructions. 

Consent Procedures 

If a participant met all the inclusion and exclusion criteria, passed the PAR-Q, and 

elected to participate, the research assistant sent a secure link via Zoom containing the 

informed consent file that was e-signed. The informed consent was administered in 

accordance with procedures outlined by the George Mason University Institutional 

Review Board. The researcher read aloud and explained the study rationale, procedures, 
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risks, benefits, and voluntary participation. The participant was given the opportunity to 

ask questions he or she may have. If the participant expressed understanding and agreed, 

he or she was asked to electronically sign his/her name on the informed consent through 

the REDCap platform where it was securely stored. Next, the enrolled participant 

electronically completed a demographics survey in REDCap. Finally, the research 

assistant scheduled a second Zoom call for the virtual baseline assessment. 

Assessment Instruments 

In addition to a demographics survey, the following assessments were 

administered during the scheduled videoconferences using the Zoom and REDCap virtual 

platforms. Unique survey links were securely sent to each participant through the Zoom 

chat box during the Zoom videoconference. Data was securely stored within the REDCap 

platform and only accessible by members of the research team. In addition to providing 

the written instructions included on questionnaires, the research assistants provided 

specific verbal instructions and were present during each assessment to answer any 

questions. Baseline assessments were completed within two weeks of consenting and 

final assessments were completed within two weeks after finishing the intervention. Self-

efficacy was measured by e-versions of the confidence scale in the Outpatient Physical 

Therapy Improvement in Movement Assessment Log (OPTIMAL) and the Activities-

Specific Balance Confidence (ABC) Scale; physical activity was measured using an e-

version of the International Physical Activity Questionnaire (IPAQ); resilience was 

measured using an e-version of the Connor-Davidson Resilience Scale; (CD-RISC) 

balance was measured by the 4-Stage Balance Test (4SBT) via Zoom videoconference. 
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Outpatient Physical Therapy Improvement in Movement Assessment Log 

The OPTIMAL instrument56 is a self-report assessment that measures difficulty 

and confidence in performing 22 movements that are necessary for an individual to 

accomplish various functional activities. For purposes of this study, only the questions 

from the confidence section (used to measure self-efficacy) of assessment were asked 

since we are not interested in the “difficulty”. The confidence scale of the OPTIMAL has 

been found to have high construct validity for the trunk (0.87), lower extremity (0.95), 

and upper extremity (0.95).56 Minimal to moderate ceiling effects have been reported on 

some of the items on the OPTIMAL. Because an electronic version of the survey did not 

yet exist in REDCap, the research team developed the online survey by closely following 

guidelines outlined by the International Society for Pharmacoeconomics and Outcomes 

Research (ISPOR) task force for equivalence between electronic and paper-based patient-

reported outcomes (PRO).57 

International Physical Activity Questionnaire Long 

The International Physical Activity Questionnaire Long (IPAQ)58 is a 27-item 

self-report assessment of physical activity, and can be used as continuous or categorical 

data. The IPAQ can be used in a clinical setting or to compare physical activity levels 

across populations internationally. Duration and frequency of physical activity is 

measured in the domains of 1) job-related, 2) transportation, 3) housework, house 

maintenance, caring for family, 4) recreation, sport, and leisure-time, and 5) time spent 

sitting. Additionally, subscores can be calculated for 1) walking, 2) moderate-intensity 

activity, 3) vigorous-intensity activity, and 4) each domain.58 For purposes of this study, 
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total physical activity was calculated as a continuous variable using responses to all 

questions. The IPAQ has excellent test-retest reliability for overall score (ICC= 0.81),58 

and adequate concurrent validity for total time spent in physical activity, in combined 

vigorous and moderate physical activity compared to accelerometer monitoring (ρ = 0.55, 

ρ = 0.36).59 

Activities-Specific Balance Confidence Scale 

The Activities-Specific Balance Confidence (ABC) Scale60 is a 16-item self-

report measuring participant’s balance confidence in performing different activities 

without losing balance. Each question begins with, “How confident are you that you will 

not lose your balance or become unsteady when you…”, to which participants respond by 

selecting a score from 0% (no confidence) to 100% (completely confident). The ABC 

Scale has excellent test-retest reliability in the older adult population (r = 0.92, p < 

0.001)60 and excellent internal consistency in community-dwelling older adults 

(Cronbach’s alpha = 0.96).61 Additionally, the ABC Scale has been used as a valid 

measure of balance self-efficacy in several studies.21,29,53,62 

Connor-Davidson Resilience Scale 

The Connor-Davidson Resilience Scale63 (CD-RISC) is a self-reported scale 

consisting of 25 items measuring resilience with a theoretical foundation in stress, coping 

and adaptation research.64 Participants responded to each statement using a 5-point Likert 

scale, ranging from 0 (not true at all) to 4 (true nearly all the time). The CD-RISC has 

excellent internal consistency within the general population (Cronbach’s alpha = 0.89) 

and excellent test-retest reliability (r= 0.87).63 
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4-Stage Balance Test 

The purpose of the 4-Stage Balance Test65 (4SBT) is to assess static balance by 

holding four progressively more challenging positions. This test originally evolved from 

the FICSIT study, which showed moderate to high correlations between balance and 

physical function.66 Today, the 4SBT is used through the STEADI initiative by the CDC 

to determine fall risk. Fall risk is determined by whether or not an individual can hold 

tandem stance for 10 seconds, and single leg stance (SLS) for 10 seconds.65 For purposes 

of this study, participants were asked to hold the tandem and SLS for as long as they can, 

or up to 10 seconds and 30 seconds, respectively. Participants were allowed to rest their 

hands on a countertop, chair back, or wall while they positioned their feet as instructed by 

the research assistant, but timing begins once they are hands free. The four testing 

positions were: feet side-by-side, one foot placed with the instep touching the big toe of 

the other foot, tandem stance, and single limb stance. The goal was to maintain each of 

the first 3 positions for 10 seconds and the final position (SLS) for 30 seconds without 

using their hands for support or moving their feet. The 30 second limit was adapted from 

use of the Mini-BESTest (a balance measure) to avoid ceiling effects.67 Before beginning 

the 4SBT, the participant was asked to adjust their computer camera and position 

themself so that the research assistant can see a full view of them when standing. For 

purposes of this study, the focus was on tandem and SLS. It is important to note that the 

ability to hold tandem stance for 10 seconds is considered a cut score for fall risk.68 
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Although unrelated to the aims of this study, additional assessments were used to 

measure changes in attention and auditory working memory, visual spatial working 

memory, information processing speed, and leg strength. 

Intervention 

Content 

A commercially available online dual task movement training program known as 

“Brain and Balance” (The Braining Center www.brainingcenter.com) served as the 

training program. This intervention was designed to improve balance performance, 

cognitive performance, and cardiovascular endurance. The intervention consisted of 24 

online training classes with three sessions a week for 8-12 weeks (dependent upon 

participant’s pace). For each 30-minute class, participants followed the instructions and 

demonstrations provided by the virtual avatar to carry out the various exercises and tasks. 

Videos were presented in a progressively challenging manner for all domains. To 

promote cardiovascular conditioning the exercises were structured to keep the participant 

in motion while maintaining an elevated heart rate using techniques such as squats, 

marching and upper extremity movements. To promote cognitive performance, 

participants were asked to complete simple and complex cognitive tasks, such as 

arithmetic, spatial memory recall and attention while completing the physical exercises. 
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Table 1 Durations of exercises in video intervention 

Breakdown of Exercises in Video Intervention 

Total Length of 
Training over 24 

Sessions  

Average Length 
of Training per 

Class 
Warm Up 71:18:00 2:58:15 
Heart Rate Variability Training 70:35:00 2:56:28 
Balance Exercises 27:56:00 1:09:50 
Cardio Cog 84:36:00 3:31:30 
Dextercises 22:23:00 0:55:58 
Visual Tracking 43:40:00 1:49:10 
Balance & Squat Exercises 86:58:00 3:37:25 
Rapid Reaction 83:24:00 3:28:30 
Metronomic Timing Exercises w/ Cog Challenge 
- Hands based exercise 36:21:00 1:30:53 
Metronomic Timing Exercises w/ Cog 
challenge- Lower body-based exercise 41:07:00 1:42:48 
March Reminder (Cardio exercise w/ breathing 
training) 15:25:00 0:38:33 
Power Ups 44:10:00 1:50:25 
Seated Stretch 26:40:00 1:06:40 
Mindfulness 83:51:00 3:29:38 
Total Primary Balance Exercises + Primary 
Balance & Squat Exercises: 114:54:00 4:47:15 

Total Secondary Balance Exercises: 
256:06:00 

 
10:40:16 

 

Total All Balance Exercises: 
371:00:00 

 
15:27:31 

 
Total (all exercises): 738:24:00 30:46:00 
 

To promote balance performance, videos progressively challenged participants to 

perform movement tasks integrating narrower base of support exercises such as single leg 

stance or multi-planar movements versus single plane. For example, primary balance 

exercises included: 
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Table 2 Examples of Primary Balance Exercises 
 

Video # Primary Balance Exercise Description 
 
1 

The avatar instructed the participant to: 
1) stand on left leg, 
2) make a star shape with the right leg by moving it forward, forward 

and right, to the right, backward and right, backward, and backward 
and left, 

3) switch to other leg & repeat 
12 The avatar instructed the participant to: 

1) raise right leg,  
2) clap above head,  
3) clap below their lifted leg,  

(Repeat steps 1-3 multiple times)   
4) switch to the other leg & repeat 

 
24 

The avatar instructed the participant to:  
1) lift their right foot in front of them as high as possible and hold for 5 

seconds,  
2) lift their right foot behind them as high as possible and hold for 5 

seconds,  
(Repeat each movement a few times)  

3) switch to the other leg & repeat 
 

Examples of primary balance and squat exercises included: 

Table 3 Examples of Primary Balance and Squat Exercises 
 

Video # Primary Balance & Squat Exercise Description 
 
1 

The avatar instructed participant to: 
1) keep mouth closed with tongue on roof of mouth, 
2) cross left arm under right arm, 
3) perform a series of squats while focusing on breathing 

12 The avatar instructed participant to: 
1) place feet shoulder-width apart and facing same direction, 
2) squat as far down as comfortably can, 
3) balance on one foot 
4) squat again 
5) balance on other foot 

(Repeat steps 1-5 multiple times) 



23 
 

24 The avatar instructed participant to: 
1) place feet shoulder-width apart and facing same direction, 
2) squat as far down as far as comfortably can 
3) balance on one foot 
4) squat again 
5) balance on other foot 

(Repeat steps 1-5 multiple times) 
 

Subsequent balance exercises included the warm-up (marching), cardio cog 

(jogging/marching in place), visual tracking (while standing), and metronomic timing 

exercises w/ cog challenge- lower body-based exercise (tap steps to metronome). 

Additionally, mindfulness, or mind-clearing, segments were included in the program, as 

mindfulness has been associated with enhanced balance performance as a result of 

increased automaticity in movement control.69 

Safety was emphasized in each balance exercise by offering the participant a 

choice to do the exercise in a seated position, standing position, or alternative position 

standing behind a chair and holding onto it. Also, the balance and squat exercises 

emphasized safety by offering the participant to choose from either the seated position, 

the standing position, or an alternative of using a chair to squat down on. In addition to 

providing safety measures, these choices also provide learner autonomy39 by allowing 

individuals to exercise control over the environment, thereby enhancing motivation as it 

gives the learner some control of the task at hand and may enhance expectancies39 for 

future tasks. The videos may also enhance expectancies through the inclusion of phrases 

of positive encouragement such as, “‘Great job!’, ‘You did it!’, ‘Nice effort!’, and 

‘You’re a champ!’”. 
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Administration 

Participants accessed the exercise training program through their personal Power 

Braining account and completed each video in-home. It is important to note that as a 

consequence to the online/at-home nature of this study, learner autonomy39 was 

supported through participant’s choice of when (day/time), frequency, duration, dosing, 

and location of video completion. Although ultimately dependent upon the participant’s 

discretion, it was strongly recommended that participants complete 2-3 videos per week, 

with at least one rest day in between. Each 30-35 minute video was completed at any 

time of day and in any (safe) area of the home. Finally, each participant received a 

weekly call or email from his or her assigned research assistant to check-in on progress 

and address any questions or concerns.  

Treatment Fidelity 

Participants received access to the same intervention videos via their own 

personal accounts. During the intervention, research assistants contacted participants each 

week via phone or email to provide them the opportunity to have any questions, concerns 

or comments regarding the training program addressed. Details of communications were 

only shared with members of the research team and appropriate actions were taken when 

necessary. While it was not encouraged for purposes of this study, participants did have 

the ability to rewind and/or repeat training videos. However, research assistants had back-

end access to the Power Braining website with the ability to see 1) date/time each 

participants views a video, 2) which video is viewed, and 3) how long it was played. This 
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data allowed the research team to have an idea of the pace of video completion for each 

participant and if a reminder to try to stay on track was appropriate. 

Data Collection Procedures 

Blinding 

Blinding was not used in this study for neither subjects nor assessors. Subjects 

could not be blinded as the program required active participation and subjects would be 

aware if not included as part of the treatment intervention. Consequently, assessors could 

not be blinded since there was not an equivalent sham group. 

Cultural Competence 

This study was open to all individuals who met the inclusion and exclusion 

criteria regardless of ethnicity, religious affiliations, education, gender, or sexual 

orientation. Due to the English language used to provide verbal instructions of exercises 

in the video training program, conversational understanding of English was a 

requirement. 

Ethics 

The study was reviewed and approved by the George Mason Institutional Review 

Board (reference number at IRBNET.com 1713399-1) and registered on 

ClinicalTrials.gov (identifier NCT047096870). The study also followed the proposed 

principles and guidance for ethical conduct in clinical trials established in the World 

Health Organization’s Clinical Health Guidelines70 and the World Medical Association 

Declaration of Helsinki.71 
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Participant Safety 

Participant safety was a top priority as the COVID epidemic forced all 

interactions with participants including data collection and intervention to be online. Prior 

to beginning training, participants were told to prioritize their personal safety above the 

interest of the study. The exercise training program was self-paced, and participants may 

have rested at any time during the activity. Participants may have also stopped the testing 

or the training at any time. The risk of slips, trips, and falls during assessment and 

training was mitigated by allowing the participant to be within reach of a chair, counter, 

or wall during each session. Furthermore, training videos offered seated alternatives to 

balance exercises if standing was too difficult. Research assistants conducted weekly 

check-ins to address safety or other patient concerns. 

Data Management 

All data collected was securely stored on the REDCap platform. Data was 

password-protected and only accessible to the principal investigator and members of the 

research team. All REDCap data were stored on the secure server maintained by DSHI 

(the Center for Discovery Science and Health Informatics), which is HIPAA compliant. 

Information contained in the database spreadsheet was identifiable only by a unique 

identification number. The identification number and data were accessible only to 

members of the study team. In agreement with participants, team members conducting 

virtual assessments ensured privacy by using a designated private room outside the line 

of sight of others not on the research team. Participants selected a private area of their 

residence. 
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Power and Sample Size 

Relevant data to accurately base the sample size on the primary outcome, balance, 

was not found in the literature. Sample size for a paired t-test was thereby determined 

using a calculation based on an effect size of 0.6. Accounting for a 10% anticipated drop-

out rate, a sample size of 23 participants was estimated as necessary to achieve a power 

of 80% and a level of significance of 5% (one-tailed), for detecting an effect size of 0.6 

between pairs.  
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DATA ANALYSIS 

Raw data was initially imported from the REDCap platform into Microsoft Excel 

16 to process and score the IPAQ data according to the protocol in the published scoring 

manual. All data was then imported into Stata/BE 17.0 (Stata Corp., College Station, 

Texas, USA) for statistical analyses (α = 0.05). The Shapiro-Wilk test was performed on 

each outcome variable to examine normality of distribution. The normality of 

distributions was then visually verified using normal quantile plots. Data was normally 

distributed for the OPTIMAL confidence scale score and CD-RISC score and non-

normally distributed for tandem stance, SLS, ABC Scale and IPAQ. For aim 1, paired t-

tests were used on the normally distributed outcomes and Wilcoxon signed-rank tests 

were used on the non-normally distributed outcomes to determine the effect of training 

on balance, self-efficacy, resilience, and physical activity. Effect sizes were also 

calculated. Equation 1 was used for parametric data and equation 2 was used for non-

parametric data. To answer aim 2, Pearson’s correlation coefficients were calculated to 

determine the strength of associations among self-efficacy and resilience with balance 

and physical activity before and after training program. 
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Equation 1 Cohen's d (unbiased) 

 
 

Equation 2 Effect size (r) 
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RESULTS 

Out of 29 individuals who were screened for this study, 27 individuals were 

enrolled in this study. One participant sustained an unrelated leg injury prior to beginning 

the intervention and ultimately decided not to participate. Four participants dropped out 

of the study before completing ten training sessions, one of which cited difficulty with 

the time commitment, one citing personal issues, and two for non-adherence to 

intervention. Therefore, 22 participants were included in the final analysis. Participant 

characteristics are outlined in Table 4. No adverse events occurred during the 

intervention. 

 

 

Table 4 Sample Characteristics 
 

Characteristic Value 

Age   75 (64-80) 
Sex Male 5 

Female 17 
Race White 22 
 Non-white 0 
Education Attended 

college, did not 
graduate 

1 

 College graduate 4 
 Completed 17 
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Graduate school 
Location resident ILC 5 

member ILC 13 
non-member 2 
unknown 2 

 
ILC = independent living community; members are part of the social community but do 
not live there 
 

 

Changes in Balance, Self-Efficacy, Resilience and Total Physical Activity 

A summary of the baseline means and changes in baseline after intervention for all of the 

outcome variables are displayed in Table 5. 

 
Table 5 Summary of findings 

Measure 

Baseline 
mean 
(SD) 95% CI 

Final 
mean 
(SD) 

95% 
CI 

Baseline-
Final 

Change 95% CI 

Standardiz
ed Effect 

Size 
P-

value 

Tandem 8.8 (2.4) 
[7.7, 
9.8] 

9.6 
(1.4) 

[9.0, 
10.2] 0.8 (2.0) 

[-0.1, 
1.7] 0.475 0.026 

SLS 
17.3 

(12.0) 
[12.0, 
22.7] 

22.1 
(9.5) 

[17.8, 
26.3] 4.7 (7.6) [1.4, 8.1] 0.624 0.003 

ABC 
87.2 

(10.5) 
[82.6, 
91.9] 

88.3 
(9.7) 

[84.0, 
92.7] 1.1 (4.7) 

[-1.0, 
3.1] 0.215 0.314 

OPTIMAL 
64.2 

(10.8) 
[59.4, 
69.0] 

64 
(12.0) 

[58.7, 
69.3] -0.2 (8.2) 

[-3.8, 
3.4] -0.015 0.541 

CD-RISC 
78.1 

(10.9) 
[73.3, 
83.0] 

80.3 
(9.5) 

[76.1, 
84.5] 2.2 (4.2) [0.3, 4.1] 0.211 0.011 

IPAQ 
4105.4 

(3195.1) 

[2688.7
, 

5522.0] 

4274.
4 

(3265.
3) 

[2826
.6, 

5722.
2] 

169.0 
(3773.3) 

[-1504.0, 
1842.0] 0.045 0.833 

 
SLS= Single leg stance (measured in seconds); ABC= Activities-Specific Balance 
Confidence scale; OPTIMAL= Outpatient Physical Therapy Improvement in Movement 
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Assessment Log; CD-RISC= Connor-Davidson Resilience Scale; IPAQ= International 
Physical Activity Questionnaire (measured in MET-minutes/week) 
 

 

Balance 

As shown in Table 5, balance increased for both measures between baseline and 

final. It should also be noted that all but five participants were at the 10 second mark for 

tandem stance at baseline (Figure 3) while slightly more than half of the participants 

(n=12) were at the 30 second mark for SLS (Figure 4). A Wilcoxon sign-rank test showed 

a significant difference between baseline and final tandem scores, with a p-value= 0.026, 

z= 2.23, effect size r= 0.475. A Wilcoxon sign-rank test identified a significant difference 

between baseline and final single leg stance scores, with a p-value= 0.003, z= 2.928, 

effect size r= 0.624. 
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Figure 3 Change in Tandem Stance 
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Figure 4 Change in Single Leg Stance 
 
Figures 3 and 4: Each graph shows changes in outcome measures between baseline and 
final for each participant for tandem stance and SLS, respectively. Individual changes 
are displayed with blue lines connecting hollow blue circles. Changes from baseline for 
each participant are displayed by hollow pink triangles. Mean change from baseline and 
it’s CI are displayed with a solid pink triangle and black bars. 

 

 
Self-Efficacy 

As displayed in Table 5, a Wilcoxon sign-rank test indicated a non-significant 

change between baseline and final ABC scores (Figure 5), with a p-value= 0.314, z= 

1.007, effect size r= 0.215. Results of a paired t-test indicated a non-significant negligible 

difference between baseline and final OPTIMAL scores (Figure 6), with a p-value= 

0.541, mean difference= -0.182, SD= 8.157, 95% CI [3.798, 3.435], effect size d= -0.015. 
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Figure 5 Change in Activities-Specific Balance Confidence Score 
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Figure 6 Change in OPTIMAL Score 
 
Figures 5 and 6: Each graph shows changes in outcome measures between baseline and 
final for each participant for ABC and OPTIMAL, respectively. Individual changes are 
displayed with blue lines connecting hollow blue circles. Changes from baseline for each 
participant are displayed by hollow pink triangles. Mean change from baseline and it’s 
CI are displayed with a solid pink triangle and black bars. 
 
 
Resilience 

As displayed in Table 5, resilience increased between baseline and final measures. 

A paired t-test identified a significant small difference between baseline and final CD-

RISC scores (Figure 7), with a p-value= 0.011, mean difference= 2.227, SD=4.241, 

95%CI [0.347, 4.108], effect size d= 0.211. 
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Figure 7 Change in CD-RISC Score 
 
Figure 7 above shows changes in outcome measures between baseline and final for each 
participant for the CD-RISC. Individual changes are displayed with blue lines connecting 
hollow blue circles. Changes from baseline for each participant are displayed by hollow 
pink triangles. Mean change from baseline and it’s CI are displayed with a solid pink 
triangle and black bars 

 

Total Physical Activity 

As shown in Table 5, there was a non-significant increase between baseline total 

physical activity and final physical activity (Figure 8). A Wilcoxon sign-rank test showed 

a non-significant trivial change between baseline and final total physical activity scores, 

with a p-value=0.833, z= 0.211, effect size r= 0.045. 
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Figure 8 Change in Total Physical Activity 
 
Figure 8 above shows changes in outcome measures between baseline and final for each 
participant for the IPAQ. Individual changes are displayed with blue lines connecting 
hollow blue circles. Changes from baseline for each participant are displayed by hollow 
pink triangles. Mean change from baseline and it’s CI are displayed with a solid pink 
triangle and black bars. 
 

 

Correlations between Self-Efficacy and Resilience with Balance and Total Physical 

Activity Before and After the Training Program 

As displayed in Table 6, modest correlations were found between SLS and IPAQ 

measures at both baseline and final, final ABC and SLS measures, and final CD-RISC 

and IPAQ measures. Negative correlations were found between baseline CD-RISC and 

SLS measures, final ABC and tandem measures, final OPTIMAL and SLS measures, and 
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final OPTIMAL and IPAQ measures. Additionally, strength of correlations increased 

slightly between baseline and final measures for ABC and SLS, OPTIMAL and IPAQ, 

CD-RISC and tandem, CD-RISC and SLS, and CD-RISC and IPAQ. Interestingly, the 

directionality of the correlations between baseline and final “flipped” for ABC and 

tandem, OPTIMAL and SLS, OPTIMAL and IPAQ, and CD-RISC and SLS. 

 

Table 6 Correlations between self-efficacy and resilience with balance and physical 
activity before and after the training program 

 
Measures Baseline  Final 

  r =  r = 
ABC  Tandem 0.1 -0.11 
ABC  SLS 0.35 0.42 
ABC  IPAQ 0.16 0.001 
OPTIMAL Tandem 0.30 0.01 
OPTIMAL SLS 0.05 -0.01 
OPTIMAL IPAQ 0.07 -0.12 
CD-RISC Tandem 0.07 0.13 
CD-RISC SLS -0.12 0.25 
CD-RISC IPAQ 0.25 0.47 
Tandem IPAQ 0.27 0.18 
SLS IPAQ 0.59 0.45 
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DISCUSSION 

The purpose of this study was to examine the effect of a 30-minute, 3 times per 

week, 24-session in-home online movement exercise program on balance, physical 

activity, self-efficacy, and resilience in older adults and community-based older adults. 

The results of the study indicate a significant moderate effect on tandem stance and SLS 

as well as a significant small effect on resilience. Self-efficacy and physical activity 

effect sizes were negligible to small and nonsignificant. The correlations among balance, 

self-efficacy, resilience, and physical activity were weak to moderate without discernible 

trends in changes of magnitude or direction. 

The improvement in balance coincides with studies offering support that motor 

learning programs can ameliorate balance impairment in healthy community-dwelling 

adults and older adults.7,16,17 Additionally, the balance improvement lends some support 

to incorporating learner autonomy and enhanced expectancies in a motor training 

program,27,28,40 although this study did not include a comparison to a balance 

intervention. Without these features, further research is necessary to confirm the validity 

of this inference.  

The small effect of training on resilience found in this study is consistent with 

studies of the importance of these psychological factors in the success of balance and 

physical activity programs.20–23 Although previous studies suggest that increased physical 
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activity is associated with increased resilience33,35 and resilience showed a significant 

small increase after training in this study, physical activity did not increase in our 

participants. To the best of our knowledge, this is the first study reporting a concurrent 

investigation of the relationships among self-efficacy and balance, self-efficacy and 

physical activity, resilience and balance, and resilience and physical activity after 

training. These relationships are important to the field of rehabilitation as the factors 

should be targets of modification to encourage best outcomes for the patient. However, 

further elucidation of these relationships must be made before specific conclusions can be 

drawn. 

Many individuals entered the program with unusually high scores on self-efficacy 

and balance assessments, indicating high functioning. Both balance measures and self-

efficacy measures had very high baseline scores, leaving little to no room for 

improvement. Additionally, self-efficacy may not have increased due to participants 

having a different frame of reference of their balance abilities after the intervention, 

meaning they overestimated their abilities at the beginning. Moreover, this study did not 

account for the physiological impacts on self-efficacy. According to Bandura, one of the 

four sources of self-efficacy is physiological state. An individual in an adverse 

physiological state perhaps brought on by testing anxiety may exhibit increased heart 

rate, blood pressure, sweating, body temperature, and/or dryness in mouth may lower 

self-efficacy.26 An adverse physiological state might also have affected those participants 

who scored lower after training. 
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Additionally, the results of this study regarding physical activity indicated several 

participants physical activity levels decreased between baseline and final measures, 

which is contrary to what is found in the literature.72 This is surprising as participation in 

this program could have been viewed as an addition of a physical activity program into 

an individual’s routine. Perhaps these participants who decreased may not have exerted 

themselves as vigorously, and therefore classified their time spent in the training sessions 

as low physical activity. Additionally, if the individual’s self-efficacy decreased or did 

not improve, this may have contributed to a decrease in physical activity. 
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SUMMARY 

Overall, specific aim 1 had four hypotheses related to the outcomes of interest. Of 

these, hypotheses 1, 3 and 4 were supported, and hypothesis 2 was partially supported. 

Specific aim 2 also had four hypotheses. Of these, hypotheses 2 and 4 were supported, 

and hypotheses 1 and 3 were partially supported. These results are displayed in Table 7.  

Our results suggest that the training program had moderate effects on balance, and 

small effects on resilience. Additionally, correlations between pre- and post-training 

improvements also indicate that relationships among balance, self-efficacy and resilience 

and physical activity are mostly positive but modest at best, thus challenging easy 

interpretation. 

 

Table 7 Summary of Hypotheses 
 
Aim/ 
Hypothesis 
Number 

Hypothesis Effect size  
Small/ 
moderate/ 
large 

Hypothesis 
Supported by 
Results?  

Aim 1 H1 Balance will improve as measured by 
the last two items of the 4-Stage 
Balance Test (length of time in 
tandem stance and single-leg stance). 
 

Moderate Tandem: Yes 

Moderate SLS: Yes 

Aim 1 H2 Self-efficacy will increase as 
measured by the Activities-Specific 
Balance Confidence (ABC) Scale 

Small ABC: Yes 
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and the confidence section of the 
Outpatient Physical Therapy 
Improvement in Movement 
Assessment Log (OPTIMAL) 
instrument. 
 

Negligible OPTIMAL: No 

Aim 1 H3 Resilience will increase as measured 
by the Connor-Davidson Resilience 
Scale. 
 

Medium Yes 

Aim 1 H4 Physical activity will increase as 
measured by the International 
Physical Activity Questionnaire. 
 

Trivial No 

Aim 2 H1 Self-efficacy and resilience before 
the training program will be 
positively associated with balance 
and physical activity before training. 
 

 ABC – Tandem: 
Yes 

 ABC – SLS: Yes 
 ABC – IPAQ: Yes 
 OPTIMAL – 

Tandem: Yes 
 OPTIMAL – SLS: 

Yes 
 OPTIMAL – 

IPAQ: Yes 
 CD-RISC – 

Tandem: Yes 
 CD-RISC – SLS: 

No 
 CD-RISC – 

IPAQ: Yes 
Aim 2 H2 Balance before the training program 

will be positively associated with 
physical activity before training. 
 

 Tandem: Yes 

 SLS: Yes 

Aim 2 H3 Self-efficacy and resilience after the 
training program will be positively 
associated with balance and physical 
activity after training. 

 ABC – Tandem: 
No 

 ABC – SLS: Yes 
 ABC – IPAQ: Yes 
 OPTIMAL – 

Tandem: Yes 
 OPTIMAL – SLS: 

No 
 OPTIMAL – 
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IPAQ: No 
 CD-RISC – 

Tandem: Yes 
 CD-RISC – SLS: 

Yes 
 CD-RISC – 

IPAQ: Yes 
Aim 2 H4 Balance after training will be 

positively associated with physical 
activity after training. 
 

 Tandem – IPAQ: 
Yes 

 SLS – IPAQ: Yes 

 
 



46 
 

LIMITATIONS 

Due to the COVID-19 pandemic, all assessments and the intervention were 

completed online. It is important to note while these assessments were not originally 

validated for virtual administration, the research team developed the online surveys by 

closely following guidelines outlined by the International Society for 

Pharmacoeconomics and Outcomes Research (ISPOR) task force for equivalence 

between electronic and paper-based patient-reported outcomes (PRO)57 in attempt to 

emulate paper-based assessments. Furthermore, because the intervention videos were 

completed without the presence of a research assistant and at the ultimate discretion of 

each participant, specific parameters for exercise training may remain uncertain such as 

dosing, intensity, duration, and frequency. As with all pre-experimental designs, the lack 

of a control group limits generalizability, compounded by small sample size. 

Additionally, there is also multiple testing on a small number of subjects which increases 

the risk of spurious positive findings (Type 1 error). Selection bias may have also been a 

factor, as the individuals who volunteered to participate were highly motivated to do so, 

and the findings suggest that a high level of functioning may have made it less likely to 

demonstrate gains from training. 
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CONCLUSIONS 

This study provides preliminary evidence of the effects on an in-home online 

movement exercise program to improve balance and resilience. Further research on a 

more diverse population is needed to test the effectiveness of this training program as 

well as elucidate the complex interrelationships explored in this study. 



48 
 

APPENDIX 

Approved Dissertation Proposal 

DEPARTMENT OF REHABILITATION SCIENCE DISSERTATION 
COMMITTEE AND PROPOSAL APPROVAL FORM 

 
Student: EMILY M. LEONARD 
 
Proposal Title: THE IMPACT OF AN ONLINE MOVEMENT TRAINING PROGRAM FOR 
COMMUNITY-BASED ADULTS AND OLDER ADULTS ON BALANCE, PHYSICAL 
ACTIVITY, SELF-EFFICACY AND RESILIENCE 
 
Proposed Committee: 
 

 
__________________________________ Rosemary D. Higgins, MD, Chair 
 

 
__________________________________ Andrew A. Guccione, PT, PhD, DPT, 

FAPTA, Co-Chair 

 
__________________________________ Hua Min, PhD, Committee Member  
 

 
___________________________________   Margaret T. Jones, PhD, Committee 
Member 
 
 
___________________________________   Julie D. Ries, PT, PhD, External Reader 



49 
 

 

 
___________________________________  Rosemary D. Higgins, MD, Interim 

Department Chair 
 
Date: ___December 11, 2021___________  Fall 2021 
  George Mason University 
  Fairfax, VA 
 
 
ABSTRACT 
 
Objective: To examine the effects of a 30-minute, 3 times per week, 24-session at home 
online movement exercise program on balance, physical activity, self-efficacy, and 
resilience in community-based and older adults. 
 
Background:   
Balance impairment is a commonly reported consequence of the normal aging process. It 
may lead to falls, serious injuries, and physical activity avoidance. Moreover, these 
sequelae may worsen when balance impairments work in concert with the psychological 
factors of decreased self-efficacy and resilience. Fortunately, existing evidence supports 
the use of movement training programs to improve balance in older adults. However, 
there are no known studies examining the impact of an online movement training 
program on balance, physical activity, self-efficacy, and resilience and associations 
among these factors in community-based and older adults. Wulf and Lewthwaite have 
proposed that enhance expectancies of future performance and factors that support 
learner autonomy are motivational factors that contribute to optimal motor learning and 
performance. It also presumes that expected success breeds further success and helps 
consolidate memories. Framed from this perspective, several critical relationships emerge 
among balance, physical activity, self-efficacy, and resilience which affect balance and 
physical activity after motor training that warrant further exploration.  
 
Methods: Participants between the ages of 55-80 years of age will be recruited from the 
Washington, D.C. metro area, including senior independent living facilities. The target 
sample size for this study is 37 participants. Eligible participants will be asked to 
complete a total of 24 training sessions, 2-3 times per week for approximately 35 minutes 
each. 
 
Outcome Measures: All participants will complete pre- and post-test measures of static 
balance using the 4-stage balance test, physical activity using the International Physical 
Activity Questionnaire, self-efficacy using the OPTIMAL instrument and Activities-
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Specific Balance Confidence Scale, and resilience using the Connor-Davidson Resilience 
Scale. 
 
Data Analysis: Statistical analysis will be completed using STATA IC version 15. For 
aim 1, comparison of means pre- and post-training will be performed using a paired t-test 
with a significance level of p≤0.05 to determine if there was significant improvement in 
balance, physical activity, self-efficacy, and resilience. For aim 2, a multiple linear 
regression model will be used to determine the extent to which self-efficacy and 
resilience are associated with balance and physical activity before and after training. 
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SPECIFIC AIMS 
 
 
Throughout the normal aging process, musculoskeletal and sensory changes occur, 
leaving older adults at higher risk for balance impairment and subsequent decreased self-
efficacy (SE) in physical activity (PA) engagement. Thus, PA levels are likely to 
decrease, which leads to deconditioning, diminished lower body strength, and even 
greater vulnerability to falls and subsequent injuries. More than one out of every four 
older adults experience a fall each year, each time doubling the likelihood of falling 
again. About one third of older adults who experience a fall, even if uninjured, develop a 
fear of falling. This fear has been associated with poorer balance performance and often 
prompts a person to avoid participating in daily and physical activities all together. 
Ultimately, balance impairments accompanied by decreased SE and resilience may lead 
to loss of independence, and poor quality of life. Existing evidence supports the use of 
movement training programs to improve balance in older adults, but individuals with low 
self-efficacy and balance impairment are less likely to participate in such programs.  
 
Moreover, the literature suggests balance interventions that encourage and promote self-
efficacy are more effective than those not grounded in promotion of self-efficacy. Thus, 
an online movement training program based on the promotion of self-efficacy should be 
positively with the amelioration of balance impairment for individuals. Wulf and 
Lewthwaite have proposed a theory of motor learning that conditions that enhance 
expectancies of future performance and factors that support learner autonomy are 
motivational factors that contribute to optimal motor learning and performance. It also 
presumes that expected success breeds further success and helps consolidate memories. 
Thus, psychological factors such as self-efficacy, defined by Bandura (1977) as an 
individual’s belief in his or her capacity to execute behaviors necessary to produce 
specific performance attainments, and resilience which describes a person’s physical and 
psychological ability to thrive in the face of adversity. Framed from this perspective, 
several critical relationships emerge among balance, physical activity, self-efficacy, and 
resilience which affect balance and physical activity after motor training that warrant 
further exploration.   
 
To address this critical need, the overarching research question of the study is: What is 
the impact of an online movement training program on the relationships among balance, 
physical activity, self-efficacy, and resilience in healthy, community-dwelling older 
adults? This will be answered using the following specific aims and hypotheses: 
 

Aim 1: To determine the effect of an 8-week virtual Brain and Balance (BAB) 
training program on balance, self-efficacy, resilience, and physical activity in 
community-dwelling adults and older adults. 

H1: Balance will improve as measured by the last two items of the 4-Stage 
Balance Test (length of time in tandem stance and single-leg stance). 
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H2: Self-efficacy will increase as measured by the Activities-Specific 
Balance Confidence (ABC) Scale and the confidence section of the 
Outpatient Physical Therapy Improvement in Movement Assessment Log 
(OPTIMAL) instrument. 
H3: Resilience will increase as measured by the Connor-Davidson 
Resilience Scale. 
H4: Physical activity will increase as measured by the International 
Physical Activity Questionnaire. 

 
Aim 2: To determine the extent to which self-efficacy and resilience are 
associated with balance and physical activity before and after the BAB training 
program in community-dwelling adults and older adults. 

H1: Self-efficacy and resilience before BAB will be significantly 
associated with balance and physical activity before BAB.  
H2: Self-efficacy after BAB will be significantly associated with balance 
and physical activity after BAB. 
H3: Resilience after BAB will be significantly associated balance and 
physical activity after BAB. 
H4: Balance after BAB will be significantly associated with physical 
activity after BAB.     

 
Investigation into a online movement training program to ameliorate balance impairment 
will provide clinicians with insight into a more accessible approach to movement training 
while addressing other factors that contribute to a healthier and improved quality of life. 
Clinicians may use findings of this study to increase outreach among the older 
community. 
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BACKGROUND/ SIGNIFICANCE 
 

Among numerous factors influencing the health of older adults (aged 65 years and older), 
a fall is a major event that may result in various functional, social, and psychological 
consequences. Falls are the leading source of fatal and nonfatal injury in older adults in 
the United States.2,3 More than one out of every four older adults experience a fall each 
year, each time doubling the likelihood of falling again.3,4 In 2018, falls among older 
adults resulted in 3 million emergency department visits, 950,000 hospitalizations and 
32,000 deaths caused by fall-related injuries. Furthermore, it was estimated that in 2015 
the total medical costs attributable to both fatal and nonfatal falls in the US was $50 
billion.73  

Throughout the normal aging process, musculoskeletal and sensory changes including 
joint stiffness, muscle atrophy, reduced ability to contract muscles, changes in gait, and 
vision disorders occur, leaving older adults at higher risk for balance impairment and 
subsequent decreased self-efficacy (SE) in physical activity (PA) engagement.50 Thus, 
PA levels are likely to decrease,74,75 which leads to deconditioning, diminished lower 
body strength, and even greater vulnerability to falls and subsequent injuries.12 About one 
third of older adults who experience a fall, even if uninjured, develop a fear of falling.10 
This fear has been associated with poorer balance performance11 and often prompts a 
person to avoid participating in daily and physical activities all together.10 Ultimately, 
balance impairment may contribute to decreased SE and resilience, loss of independence, 
and poor quality of life.52–54 Given the high incidence of falls and their severe 
repercussions, investigation into an easily accessible, online motor learning intervention 
to improve balance and increase physical activity, self-efficacy, and resilience in older 
adults is critical. 

Motor learning is defined as “the study of the acquisition and/or modification of skilled 
action”.38 Over the last century, the dominant viewpoint among numerous motor learning 
theories was that motor learning is enhanced when practice conditions make information 
processing more challenging.39 In 2016, Wulf and Lewthwaite proposed the OPTIMAL 
(Optimizing Performance through Intrinsic Motivation and Attention for Learning) 
theory of motor learning, which was the first motor learning theory to take into account 
the mounting evidence implicating the role of motivational and attentional influences on 
motor learning and performance.39 The OPTIMAL theory asserts that the two key 
motivational variables of enhanced expectancies of future performance and learner 
autonomy, along with external focus of attention, are crucial for optimal motor learning 
and performance. Building on Bandura’s self-efficacy theory,25 Wulf and Lewthwaite 
assert that expectations of success or failure predict future performance. Performance 
expectancies are determined by previous performance outcomes and can be enhanced 
through conditions that support positive feedback, lessen perceived task difficulty, 
increase conceptions of ability, and amplify positive affect.39 Furthermore, providing 
learner autonomy by allowing individuals to exercise control over the environment 
enhances motivation, as it gives the learner some control of upcoming tasks.39 Finally, 
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conditions that enhance an external focus of attention on the intended movement effect is 
more conducive to motor learning compared to an internal (body) focus of attention.39 
For purposes of this study, enhanced expectancy and learner autonomy will be the two 
factors employed to optimize motor learning of balance. 

 

 

Figure 9: Theoretical Framework 

Figure 1 illustrates the theoretical framework of which this study is based upon, applying 
elements of the OPTIMAL theory of motor learning to explain and predict the virtuous 
cycle and relationships among motor learning, PA, and influential psychological factors 
that may occur during a successful balance training intervention. To begin, participation 
in a balance training intervention that enhances expectancies and supports autonomy 
provides the opportunity for motor learning.39 When an individual has a positive 
experience with a balance task, the feeling of intrinsic reward increases self-efficacy and 
enhances expectations of success for future performance.39 This positive experience and 
self-efficacy boost is critical to motor learning as it is a major factor in predicting 
continued intervention participation among older adults.37,41 As balance improves, 
confidence in PA continues to grow, fewer obstacles to PA are perceived,76 and resilience 
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is strengthened. Increased PA provides additional opportunity for motor learning,49 and 
balance continues to improve further. The above self-reinforcing cycle is predicted to 
endure throughout the balance intervention.  

According to the literature, resilience is a contributing factor to successful aging and 
quality of life.31,32,36,77 Resilience describes a person’s physical and psychological ability 
to recover and thrive in the face of adversity. In a study on diabetes, it was found that 
individuals with higher resilience did not show increased diabetes-related distress as 
compared to individuals with lower resilience.78 Resilience has also been found to 
improve after a rehabilitation program, 36 thus making it a target modifiable factor in 
rehabilitation. 

The literature suggests balance interventions grounded in promotion of self-efficacy are 
more effective than those not grounded in promotion of self-efficacy.27,28,29  Self-efficacy 
is a psychological construct introduced by Albert Bandura and is defined as, “belief in 
one’s capabilities to organize and execute the courses of action required to produce given 
attainments”.25 According to the literature, the underlying neuromechanism that bridges 
the gap between self-efficacy and motor learning is dopamine.39,42,43 The dopaminergic 
system has been identified as a major reward processor and one of its main targets is the 
striatum, a structure crucial to motor control.43 When learning a motor task, it is believed 
that conditions that enhance expectancies and/or provide autonomy support stimulate a 
dopaminergic response, preparing the brain for learning and temporally linking the 
dopaminergic response to performance attempts.39,43  
 
Structured motor learning programs offer multiple challenges that can eventually be 
mastered and provide multiple opportunities for participants to experience personal 
success arising from their own efforts, further enhancing self-efficacy and resilience. The 
literature also provides sufficient evidence supporting the significant roles of enhanced 
expectancies and learner autonomy in motor learning as outlined in the OPTIMAL 
theory. In three different studies, providing positive feedback of performance (whether 
true or false) or artificially inflating an individual’s conception of ability both resulted in 
superior outcomes to the groups who did not receive conditions to enhance 
expectations.27,28,44 Furthermore, it has been reported that giving learners choices about 
their environment, even ones incidental to the task, influence learning through 
satisfaction of a basic psychological need39,45 and provide a sense of control over the 
upcoming tasks. Allowing learners to choose the duration or spacing of practice trials was 
found to result in more effective learning than the yoked control conditions.46,47  
 
The literature suggests that balance impairment can be ameliorated through motor 
learning programs in healthy community-dwelling adults and older adults.7,16,17 
Unfortunately, one of the biggest issues discussed in the literature is patient initiation and 
retention of such motor training programs.17,37 Interestingly, it has been reported that self-
efficacy is not only the most important variable in predicting PA behavior,20 but also a 
significant predictor of balance performance.21 The literature supports that self-efficacy is 
one of the most consistent correlates to physical activity, functional limitations, and 
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quality of life in older adults.24 As explained by Bandura, an individual with low self-
efficacy is less likely to exert optimal effort towards a task (physical activity) or persist in 
the face of difficulties,26 especially if they are already struggling with balance 
impairment. Thus, the aim of the study is to investigate the impact of an easily accessible, 
online motor training program that employs positive aspects of the OPTIMAL theory on 
balance, physical activity, self-efficacy, and resilience and associations among these 
variables in healthy community-dwelling and older adults. 
 
METHODS  
 
Study Design This single-arm prospective pre-experimental study will consist of 24 
virtual training sessions over an 8 to 12-week period with pre- and post-training 
assessments. We propose to test the hypothesis that Brain and Balance, a proprietary 
online program marketed under POWER BRAINing™ (The Braining Center, 2020), will 
improve balance, increase physical activity, self-efficacy, and resilience. 
 
Target Population and Sample The target population for this study includes men and 
women, in generally good health, between the ages of 55 to 80 residing in the Virginia, 
Maryland and Washington D.C. area. The target sample will be a convenience sample of 
individuals who may or may not reside in an independent living facility. 
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Figure 10: Schematic of Data Collection 

Recruitment Participants will be recruited from the local community and from local 
independent senior living facilities through The Braining Center. Methods for recruitment 
will include advertisements through emails, flyers, social media, and word of mouth. 
Approval of all marketing materials will be obtained from appropriate personnel at the 
independent living facility prior to its distribution. 
 
Participant Selection Prospective subjects will initiate contact with the research team by 
emailing the designated study email address. A research assistant will respond to the 
inquiry by answering any questions and, if interested, schedule a call to determine if the 
individual meets basic eligibility. During the call, the screening tool will be administered 
by the research assistant and recorded in the REDCap platform. This questionnaire is 
study-specific, developed to assess the eligibility criteria of inquiring individuals and 
provide standardized information regarding the purpose of this study.  
 
Inclusion Criteria and Exclusion Criteria Inclusion: Individuals between 55-80 years 
who have the ability to take at least 4 steps without an assistive device and the ability to 
speak English and exhibit competence in basic computer skills. Exclusion: Not meeting 
inclusion criteria, the inability to ambulate at least 4 steps without an assistive device; 
uncontrolled cardiovascular, pulmonary, neurological, or metabolic disease (excluding 
obesity) which may impact the ability to exercise or in which exercise is contraindicated; 
or cognitive or psychiatric impairment precluding informed consent or ability to follow 
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instructions. If an individual is deemed ineligible or declines participation in the study, 
his or her responses will not be recorded or used in the study. 
 
Consent Procedures If an individual is determined eligible after completion of the 
screening tool and is interested, a research assistant will send an email to the participant 
containing a link to a scheduled Zoom videoconference and an unsigned copy of the 
informed consent for individual review. Once on the videoconference, the participant will 
receive a secure link to  complete an electronic version of the Physical Activity Readiness 
Questionnaire (PAR-Q),55 which will be used to assess an individual's physical fitness 
level and ability to engage in PA. If a participant meets all the inclusion and exclusion 
criteria, passes the PAR-Q, and elects to participate, the research assistant will send a 
secure link via Zoom containing the informed consent file that will be e-signed. The 
informed consent will be administered in accordance with the George Mason University 
Institutional Review Board. The research assistant will read aloud and explain the study 
rationale, procedures, risks, benefits, and voluntary participation. The participant will be 
given the opportunity to ask questions he or she may have. If the participant expresses 
understanding and agrees, he or she will be asked to electronically sign his/her name on 
the informed consent through the REDCap platform where it will be securely stored. 
Finally, the research assistant will schedule a second Zoom call for their virtual baseline 
assessment. 
 
Intervention Content: This intervention is designed to improve cardiovascular 
endurance, cognitive performance, and balance performance. The intervention will 
consist of 24 online training classes with three sessions a week for 8-12 weeks 
(dependent on subject’s pace). For each 35-minute class, subjects will follow the 
instructions and demonstrations provided by the virtual avatar to carry out the various 
exercises and tasks. Videos are presented in a progressively challenging manner for all 
domains. To promote cardiovascular conditioning the exercises are structured to keep the 
participant in motion while maintaining an elevated heart rate using techniques such as 
squats, marching and upper extremity movements. To promote cognitive performance, 
participants will be asked to complete simple and complex cognitive tasks, such as 
arithmetic, spatial memory recall and attention while completing the physical exercises. 
 

Breakdown of Exercises in Video Intervention 

Total Length of 
Training over 24 

Sessions  

Average 
Length of 
Training 
per Class 

Warm Up 71:18:00 2:58:15 
Heart Rate Variability Training 70:35:00 2:56:28 
Balance Exercises 27:56:00 1:09:50 
Cardio Cog 84:36:00 3:31:30 
Dextercises 22:23:00 0:55:58 
Visual Tracking 43:40:00 1:49:10 
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Balance & Squat Exercises 86:58:00 3:37:25 
Rapid Reaction 83:24:00 3:28:30 
Metronomic Timing Exercises w/ Cog Challenge 
- Hands based exercise 36:21:00 1:30:53 
Metronomic Timing Exercises w/ Cog 
challenge- Lower body-based exercise 41:07:00 1:42:48 
March Reminder (Cardio exercise w/ breathing 
training) 15:25:00 0:38:33 
Power Ups 44:10:00 1:50:25 
Seated Stretch 26:40:00 1:06:40 
Mindfulness 83:51:00 3:29:38 
Total Balance Exercises + Balance & Squat 
Exercises: 114:54:00 4:47:15 
Total (all exercises): 738:24:00 30:46:00 
Table 1: Durations of each exercise in video intervention (min:sec:milisec) 
 
To promote balance performance, videos will progressively challenge subjects to perform 
movement tasks integrating narrower base of support exercises such as single leg stance 
or multi-planar movements versus single plane. For example, balance exercises include: 
 

Video # Balance Exercise Description 
 
1 

The avatar instructs the participant to: 
4) stand on left leg, 
5) make a star shape with the right leg by moving it forward, forward 

and right, to the right, backward and right, backward, and backward 
and left, 

6) switch to other leg & repeat 
12 The avatar instructs the participant to: 

5) raise right leg,  
6) clap above head,  
7) clap below their lifted leg,  

(Repeat steps 1-3 multiple times)   
8) switch to the other leg & repeat 

 
24 

The avatar instructs the participant to:  
4) lift their right foot in front of them as high as possible and hold for 5 

seconds,  
5) lift their right foot behind them as high as possible and hold for 5 

seconds,  
(repeat each movement a few times)  

6) switch to the other leg & repeat 
Table 2: Examples of balance exercises 
 
Examples of balance and squat exercises include: 
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Video # Balance & Squat Exercise Description 

 
1 

The avatar instructs participant to: 
4) keep mouth closed with tongue on roof of mouth, 
5) cross left arm under right arm, 
6) perform a series of squats while focusing on breathing 

12 The avatar instructs participant to: 
6) place feet shoulder-width apart and facing same direction, 
7) squat as far down as far as comfortably can, 
8) balance on one foot 
9) squat again 
10) balance on other foot 

(Repeat steps 1-5 multiple times) 
24 The avatar instructs participant to: 

6) place feet shoulder-width apart and facing same direction, 
7) squat as far down as far as comfortably can 
8) balance on one foot 
9) squat again 
10) balance on other foot 

(Repeat steps 1-5 multiple times) 
Table 3: Examples of balance & squat exercises 
 
 
 
It is important to note that safety is emphasized in each balance exercise by offering the 
participant to choose to do the exercise in either a seated position, standing position, or 
alternative position standing behind a chair and holding onto it. Also, the balance and 
squat exercises emphasize safety by offering the participant to choose from either the 
seated position, the standing position, or an alternative of using a chair to squat down on. 
In addition to providing safety measures, these choices also provide learner autonomy39 
by allowing individuals to exercise control over the environment, thereby enhancing 
motivation as it gives the learner some control of the task at hand and may enhance 
expectancies39 for future tasks. The videos may also enhance expectancies through the 
inclusion of phrases of positive encouragement such as, “Great job!”, “You did it!”, 
“Nice effort!”, and “You’re a champ!”. 
   
Administration Participants will access the exercise training program through his or her 
personal Power Braining account and complete each video in his or her own home. It is 
important to note that as a consequence to the online/at-home nature of this study, learner 
autonomy39 will be supported through participants’ choice of when (day/time), frequency, 
duration, dosing, and location of video completion. Although ultimately dependent upon 
the participant’s discretion, it will be strongly recommended that participants complete 2-
3 videos per week, with at least one rest day in between. Each 30-35 minute video may 
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be completed at any time of day and in any (safe) area of the home. While it is not 
encouraged for purposes of this study, participants will have the ability to rewind and/or 
repeat training videos. Finally, each participant will receive a weekly call or email from 
his or her assigned research assistant to check-in on progress and address any questions 
or concerns.  
 
Treatment Fidelity Each participant will receive access to the same intervention videos 
via his or her own personal account. During the intervention, research assistants will 
contact subjects each week via phone or email to provide them the opportunity to have 
any questions, concerns or comments regarding the training program addressed. Details 
of communications will only be shared with members of the research team and 
appropriate actions will be taken when necessary. Furthermore, research assistants will 
have back-end access to the Power Braining website with the ability to see 1) date/time 
each subjects views a video, 2) which video is viewed, and 3) how long it was played. 
This data will allow the research team to have an idea of the pace of video completion for 
each subject and if a reminder to try to stay on track would be appropriate. 

 
Assessment Instruments In addition to a demographics survey, the following 
assessments will be administered during the scheduled videoconferences using the Zoom 
and REDCap virtual platforms. Unique survey links will be securely sent to each 
participant through the Zoom chat box during the Zoom videoconference. Data will be 
securely stored within the REDCap platform and only be accessible by members of the 
research team. In addition to providing the written instructions included on 
questionnaires, the research assistants will provide specific verbal instructions and be 
present during each assessment to answer any questions. Baseline assessments will be 
completed within two weeks of consenting and final assessments will be completed 
within two weeks after finishing the intervention. Self-efficacy will be measured by e-
versions of the Outpatient Physical Therapy Improvement in Movement Assessment Log 
and the Activities-Specific Balance Confidence Scale; physical activity will be measured 
using an e-version of the International Physical Activity Questionnaire; resilience will be 
measured using an e-version of the Connor-Davidson Resilience Scale; balance will be 
measured by the 4-Stage Balance Test via Zoom videoconference. 
 
Outpatient Physical Therapy Improvement in Movement Assessment Log: The OPTIMAL 
Instrument56 is a self-report assessment that measures difficulty and self-confidence in 
performing 22 movements that are necessary for an individual to accomplish various 
functional activities. For purposes of this study, only the questions from the “self-
confidence” section of assessment will be asked since we are not interested in the 
“difficulty”. The confidence scale of the OPTIMAL has been found to have high 
construct validity for the trunk (0.87), lower extremity (0.95), and upper extremity 
(0.95).56 Minimal to moderate ceiling effects have been reported on some of the items on 
the OPTIMAL. Because an electronic version of the survey did not yet exist in REDCap, 
the research team developed the online survey by closely following guidelines outlined 



62 
 

by the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) 
task force for equivalence between electronic and paper-based patient-reported outcomes 
(PRO).57 
 
International Physical Activity Questionnaire Long The International Physical Activity 
Questionnaire Long (IPAQ)58 is a 27-item self-report assessment of PA and can be used 
as continuous or categorical data. The IPAQ can be used in a clinical setting or to 
compare PA levels across populations internationally.  Duration and frequency of PA is 
measured in the domains of 1) job-related, 2) transportation, 3) housework, house 
maintenance, caring for family, 4) recreation, sport, and leisure-time, and 5) time spent 
sitting. Additionally, subscores can be calculated for 1) walking, 2) moderate-intensity 
activity, 3) vigorous-intensity activity, and 4) each domain.58 For purposes of this study, 
total PA (MET-minutes/week) will be calculated as a continuous variable using responses 
to all questions. The IPAQ has excellent test-retest reliability for overall score (ICC= 
0.81),58 and adequate concurrent validity for total time spent in physical activity, in 
combined vigorous and moderate physical activity compared to accelerometer monitoring 
(ρ = 0.55, ρ = 0.36).59 
 
Activities-Specific Balance Confidence Scale The ABC Scale60 is a 16-item self-report 
measuring participant’s balance confidence in performing different activities without 
losing balance. Each question begins with, “How confident are you that you will not lose 
your balance or become unsteady when you…”, to which subjects respond by selecting a 
score from 0% (no confidence) to 100% (completely confident). The ABC Scale has 
excellent test-retest reliability in the elderly population (r = 0.92, p < 0.001)60 and 
excellent internal consistency in community-dwelling older adults (Cronbach’s alpha = 
0.96).61 Additionally, the ABC Scale has been used as a valid measure of balance self-
efficacy in several studies.21,29,53,62 

 
Connor-Davidson Resilience Scale The Connor-Davidson Resilience Scale63 (CD-RISC) 
self-reported scale consisting of 25 items measuring resilience with a theoretical 
foundation in stress, coping and adaptation research.64 Subjects respond to each statement 
using a 5-point Likert scale, ranging from 0 (not true at all) to 4 (true nearly all the time). 
The CD-RISC has excellent internal consistency within the general population 
(Cronbach’s alpha = 0.89) and excellent test-retest reliability (r= 0.87).63 
 
4-Stage Balance Test The purpose of the 4-Stage Balance Test65 (4SBT) is to assess static 
balance by holding four progressively more challenging positions. Participants will be 
allowed to rest their hands on a countertop, chair back, or wall while they position their 
feet as instructed by the research assistant. The four testing positions are: feet side-by-
side, one foot placed with the instep touching the big toe of the other foot, tandem stance, 
and single limb stance. The goal is to maintain each of the first 3 positions for 10 seconds 
and the final position (single limb stance) for 30 seconds without using their hands for 
support or moving their feet. Before beginning the 4SBT, the subject will be asked to 
adjust their computer camera and position themself so that the research assistant can see a 
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full view of them when standing. For purposes of this study, the focus will be on single 
limb stance and tandem stance.   
 
Although unrelated to the aims of this study, additional assessments will be used to 
measure changes in attention and auditory working memory, visual spatial working 
memory, information processing speed, and leg strength. 
 
 
 
 
ETHICS 
The study was reviewed and approved by the George Mason Institutional Review Board 
(reference number at IRBNET.com 1713399-1) and ClinicalTrials.gov (identifier 
NCT047096870). The study will also follow the proposed principles and guidance for 
ethical conduct in clinical trials established in the World Health Organization’s Clinical 
Health Guidelines70 and the World Medical Association Declaration of Helsinki.71 
 
PATIENT SAFETY 
Patient safety is a top priority. Prior to beginning training, subjects will be told to 
prioritize their personal safety above the interest of the study. The exercise training 
program is self-paced, and subjects may rest at any time during the activity. Participants 
may also stop the testing or the training at any time. The risk of slips, trips, and falls 
during assessment and training will be mitigated by allowing the subject to be within 
reach of a chair, counter, or wall during each session. Furthermore, training videos will 
offer seated alternatives to balance exercises if standing is too difficult. Research 
assistants will conduct weekly check-ins to address safety or other patient concerns. 
 
DATA MANAGEMENT  
All data collected will be securely stored on the REDCap platform. Data will be 
password-protected and only be accessible to the principal investigator and members of 
the research team. All REDCap data are stored on the secure server maintained by DSHI 
(the Center for Discovery Science and Health Informatics), which is HIPAA compliant. 
Information contained in the database spreadsheet will be identifiable only by a unique 
identification number. The identification number and data will be accessible only to 
members of the study team.  Team members conducting virtual assessments and 
communication will ensure privacy by using a designated private room outside the line of 
sight others not on the research team and agreed upone by the participant. Subjects will 
select a private area of their residence. 
 
LIMITATIONS 
Due to the COVID-19 pandemic all assessments and the intervention will be online. It is 
important to note while these assessments were not originally validated for virtual 
administration, the research team developed the online surveys by closely following 
guidelines outlined by the International Society for Pharmacoeconomics and Outcomes 
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Research (ISPOR) task force for equivalence between electronic and paper-based patient-
reported outcomes (PRO)57 in attempt to emulate paper-based assessments. Furthermore, 
because the intervention videos are completed without the presence of a research assistant 
and at the ultimate discretion of each subject, specific parameters for exercise training 
may remain uncertain such as dosing, intensity, duration, and frequency.  
 
DATA ANALYSIS 
 
Statistics Statistical analysis will be completed using STATA IC version 15. For aim 1, 
comparison of means pre- and post-training will be performed using a paired t-test, if the 
data are normally distributed, with a significance level of p≤0.05 to determine if there 
was significant improvement in balance, physical activity, self-efficacy, and resilience. If 
the data are not normally distributed, a Wilcoxon signed rank test, will be used. Effect 
sizes will also be calculated.  For aim 2, correlations will be used to determine the extent 
to which self-efficacy and resilience are associated with balance and physical activity 
before and after training. 
 
Power and Sample Size Relevant data to accurately base the sample size on the primary 
outcome, balance, was not found in the literature. Sample size for a paired t-test was 
thereby determined using a calculation based on an effect size of 0.6. Accounting for a 
10% anticipated drop-out rate, a sample size of 45 participants will be required to achieve 
a power of 80% and a level of significance of 5%, for detecting an effect size of 0.4 
between pairs.  
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Evidence Summary Chart 

Study Sample Intervention Comparison Outcome 

Physical 
Activity 
and 
Functional 
Limitations 
in Older 
Adults: The 
Influence 
of Self-
Efficacy 
and 
Functional 
Performanc
e50 
 

884 older 
adults 
 

N/A N/A Findings provide 
further support for an 
efficacy-based model 
of functional 
limitations. Walking-
related efficacy may 
help decrease or delay 
the onset of functional 
limitations. 
 

Conception
s of Ability 
Affect 
Motor 
Learning 
28 

58 college 
students 
 

Participants in 3 
groups practiced a 
balance task after 
receiving 
instructions that 
the task would be 
based upon an 
inherent ability 
(IA group), 
represent an 
acquirable skill 
(AS group), or no 
ability-related 
instructions 
(control group) 
 

Inherent 
ability group 
v acquired 
skill group v 
control 
group 

Learning was 
enhanced by 
instructions that 
portrayed the task as a 
learnable skill, rather 
than a fixed inherent 
capacity or no 
instructions (control 
group). 

Altering 
Mindset 
Can 
Enhance 
Motor 
Learning in 
Older 
Adults27 

older 
healthy 
adults ages 
61-81 
 

Balance task 
where 1 group 
received false 
feedback to 
enhance 
expectancy 
 

Control v 
experimental 
group 

Findings indicate that 
motor performance and 
learning in older age 
can be influenced 
quickly and positively 
by enhancing 
individuals’ ability 
perceptions. 
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Enhanced 
Expectanci
es Improve 
Performanc
e Under 
Pressure44 

31 College 
Students 
 

20 trials throwing 
accuracy task, 
then Enhanced-
expectancy group 
participants were 
told that they 
were well-suited 
to perform under 
pressure, while 
the control group 
received neutral 
information, 
followed by 20 
more trials 

Enhanced 
expectancy v 
control 

These findings provide 
evidence that 
enhancing individuals’ 
expectancies regarding 
performance under 
pressure can affect 
their motor 
performance. 
 

Lassoing 
Skill 
Through 
Learner 
Choice40 
 

32 college 
students 

Experiment 1: 
experimental 
group was given 
choice of the 
color of the mat; 
Experiment 2: 
compared the 
effectiveness of 
task-irrelevant 
(mat color) 

Experiment 
1: Choice 
group VS 
control; 
Experiment 
2: task-
relevant 
choice group 
VS task-
irrelevant 
choice group 

Learning effects are 
seen when learners are 
given choices;  task-
relevant and task-
irrelevant choices 
resulted in similar 
learning benefits. 

Physical 
Activity 
and 
Functional 
Limitations 
in Older 
Women: 
Influence of 
Self-
Efficacy29 

249 older 
women 
 

N/A - prospective 
observational 
study 
 

Baseline v 
follow-up 
 

The findings suggest 
that physical activity, 
self-efficacy, and 
functional performance 
may all play a role in 
decreasing functional 
limitations. Both 
physical activity and 
self-efficacy represent 
important, modifiable 
factors that can 
enhance function. 
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Exercise 
self-
efficacy in 
older 
adults:  
Social, 
affective, 
and 
behavioral 
influences20 

174 older, 
formerly 
sedentary 
adults 
 

walking and 
stretching/toning 
activity 
 

walking v 
stretching & 
toning 
 

Results suggest that 
self-efficacy levels 
change over the course 
of an exercise program 
and are influenced by 
affective, behavioral, 
and social factors 

Self-
efficacy 
Mediates 
the 
Relationshi
p between 
Balance/W
alking 
Performanc
e, Activity, 
and 
Participatio
n after 
Stroke21 

59 stroke 
survivors 
 

N/A - 
observational 
study 
 

N/A Results support the 
role of self-efficacy as 
a mediator between 
performance capacity, 
activity, and 
participation 

Pathways 
from 
Physical 
Activity to 
Quality of 
Life in 
Older 
Women53 

249 Older 
women 
 

N/A - 
observational 
study 
 

N/A Results from this study 
support the use of self-
efficacy in the 
relationship between 
physical activity and 
QOL.  

Does the 
‘Otago 
exercise 
programme
’ reduce 
mortality 
and falls in 
older 
adults?: a 
systematic 

Meta-
analysis on 
community
-dwelling 
older adults 
65 and 
older 

Otago 
intervention 

N/A Systematic review 
found that the program 
was effective in 
significantly reducing 
the rate of falls in 
community-dwelling 
older adults 
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review and 
meta-
analysis19 
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Executive Summary 

Balance and Physical Activity 

Balance is defined as “the ability to stay upright and steady when stationary and 

during movement”.7 The literature suggests that balance impairment can be ameliorated 

through exercise programs in healthy community-dwelling adults and older adults.7,16,17 

For example, the widely prescribed Otago exercise program includes a progression of 

strength and balance exercises with increasing ankle weights and repetitions in 

conjunction with a walking plan.18 A systematic review found that the program was 

effective in significantly reducing the rate of falls in community-dwelling older adults.19 

Interestingly, another systematic review on exercise for balance training for older adults 

concluded that exercises that challenge balance at a high dosage and do not include a 

walking program.6 Finally, a third systematic review on balance training in older adults 

concluded that programs involving gait, balance, coordination, functional exercises, and 

strengthening exercises improve balance in certain indirect measures including the single 

leg stance. It was also noted that this evidence is not robust, as there are large amounts of 

missing data throughout the included studies.7 

 
 
Self-Efficacy, Balance, and Physical Activity 

Self-efficacy can be summarized as, “belief in one’s capabilities to organize and 

execute the courses of action required to produce given attainments”.25 As explained by 

Bandura, an individual with low self-efficacy is less likely to exert optimal effort towards 

a task (e.g., exercise and physical activity) or persist in the face of difficulties,26 
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especially if they are already struggling with obstacles to successful performance such as 

moving with a balance impairment. Several studies suggest balance interventions 

grounded in promotion of self-efficacy are more effective than those not grounded in 

promotion of self-efficacy.27,28,29 Interestingly, self-efficacy has been reported as the most 

important variable in predicting physical activity behaviors,20,30 and also a significant 

predictor of balance performance in the stroke population.21 

 
 
Resilience and Physical Activity 

Resilience has been proposed as another contributing factor to successful aging 

and quality of life.31,32 Resilience describes a person’s physical and psychological ability 

to recover and thrive in the face of adversity. In relation to the benefits of physical 

activity, physical fitness appears to have a buffer effect against the body’s hormonal 

response to stress, contributing to reduced emotional and physiological reactivity as well 

as increased positive mood and well-being.33 Physical fitness has been defined as, “the 

ability to carry out daily tasks with vigor and alertness, without undue fatigue and with 

ample energy to enjoy leisure-time pursuits and to meet unforeseen emergencies”34. 

Furthermore, challenging physical activities have been shown to promote resilience by 

increasing confidence and mental toughness.35 Resilience has been found to improve after 

a rehabilitation program in the stroke population,36 thus indicating it can be a target 

modifiable factor in rehabilitation, yet has not been well studied outside of clinical 

populations.  
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Balance, Physical Activity, Self-Efficacy and Resilience 

Existing evidence supports the use of movement training programs to improve 

balance in older adults.5–7,16,17 Participation in physical activity provides more 

opportunity to improve balance through motor learning,48 resulting in increased self-

efficacy if successful.48 Additionally, individuals with high self-efficacy are more likely 

to participate in physical activity22,29,49,50 and have better balance.10,11,21,28,48 Furthermore, 

individuals with better balance are more likely to engage in physical activity.51 

Ultimately, balance impairment may contribute to decreased SE and resilience, loss of 

independence, and poor quality of life.52–54 Also, challenging physical activity has been 

shown to increase resilience.35 
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