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“Whatever you can do or dream you can, begin it.   

Boldness has genius, power and magic in it!” 

 

~Johann Wolfgan von Goethe
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ABSTRACT 

BRAIN BOOT CAMP: THE EFFECT OF MULTI-SENSORY TRAINING ON 

PHYSICAL FUNCTION IN OLDER ADULTS 

Thesis under the direction of Anthony P. Marsh, PhD., Associate Professor of Health and 

Exercise Science. 

Background: Age-associated declines in physical function may lead to mobility 

limitations which are associated with a loss of independence, decreased quality of life, 

and higher risk of mortality. It is clear from multiple studies that an older adult’s physical 

function can be modified through physical activity. However, there is emerging evidence 

that physical activity interventions designed to improve physical function may be more 

effective if they can be tailored to an individual’s baseline level of functioning and 

include simultaneous training of physical and cognitive functioning.  

Purpose: The purpose of this study was twofold: 1) to assess the safety and feasibility of 

a novel exercise program that combined movement and cognitive training (MCT) and a 

movement only training program (MT) in older adults living in a Continuing Care 

Retirement Community (CCRC), and 2) to compare the effect of the two interventions on 

lower extremity function. 

Methods: Thirteen residents of local CCRC were randomized to a six week MCT (n=6, 

M+/- SD age=84.5+/-6.0 yr, 3 female) or MT (n=2, M+/- SD age=83.0+/-4.2, 2 female) 

program where the goal was for all participants to complete 30 sessions of training. The 

MCT program challenged both movement and cognitive processes, while the MT 

program lacked the cognitive components but included stretching and toning exercises. 
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Both training programs used custom software integrated with a Microsoft Kinect® 

camera to engage the participants in movement tasks. The software program was in the 

form of a game which provided a gradual progression of either movement and cognitive 

tasks or movement only tasks. Physical function was assessed using the Short Physical 

Performance Battery (SPPB), 400-m-walk time, time to complete 5 chair stands, and 

usual pace 4 meter gait speed. 

Results: Participants who completed the intervention attended an average of 29.5 

sessions in the MCT group and 25.5 sessions in the MT group. Two participants in the 

MCT group and three participants in the MT group did not complete the study due to 

health problems unrelated to participation in the study. Participant feedback was positive 

and most reported the program to be beneficial and enjoyable. The mean SPPB scores in 

the MCT group pre- and post-intervention were 10.5 and 11.0, respectively. The mean 

SPPB scores in the MT group were also 10.5 and 11.0 pre- and post-intervention. Mean 

400-m walk times in the MCT group pre- and post-intervention were 388s and 370s, 

respectively. Mean walk times in the MT group were 492s and 395s pre- and post-

intervention. The mean time to complete 5 chair stands decreased in the MCT group from 

baseline to follow-up (10.3±4.2, 8.8±3.8) and increased from baseline to follow up in the 

MT group (11.3±3.3, 12.0±4.0).  

Conclusions:  Participants appeared to benefit from both the MCT and MT training 

programs. SPPB and 400-m walk times improved in both groups and performance on the 

chair stand task improved in the MCT group. Both training programs appear to be 

beneficial and enjoyable to older adults based on the results of this small pilot study. 
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RATIONALE 

Aging and the Burden of Disability 

The number of Americans aged 65 and older surpassed 40 million in 20101. As the “baby 

boom” generation reaches 65, the number of older adults is projected to reach 72.1 

million, or 19.3% of the population by 20301. While economic and social developments 

and advances in medicine have increased life expectancy, the aging population faces 

significant health issues such as chronic disease and disability. For older adults, there is a 

dramatic increase in the likelihood that their ability to carry out basic physical tasks will 

become impaired which may result in disability. For example, the Center for Disease 

Control estimates that approximately 37.8% of adults over the age of 65 report some 

level of disability2. Of these adults, roughly one third report mobility limitations due to 

difficulty with walking3. The onset of physical limitations and disability leads to the use 

of long-term care for disabled individuals, the cost of which is a significant burden to 

individuals, families, and the government. Estimates of long-term care spending for the 

elderly disabled in 2004 totaled $135 billion, or approximately $15,000 per disabled 

senior4. Research efforts are therefore needed to examine ways to maintain or improve 

physical function and reduce the disability burden in an aging population. 
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REVIEW OF THE LITERATURE 

Mobility and Mobility Disability 

Definition of mobility disability 

 Mobility is defined as the ability to move independently from place to place5. 

Mobility is critical to maintaining independence and a high quality of life because it is a 

fundamental part of many daily activities. Activities required for basic self-care are 

termed activities of daily living (ADLs) while instrumental activities of daily living 

(IADLs) are more complex tasks necessary for living independently in the community. 

ADLs are commonly defined as a set of five basic actions: eating, dressing, toileting, 

basic hygiene, and the ability to transfer from bed to chair6. IADLs include the more 

complex tasks of shopping, food preparation, housekeeping, doing laundry, using 

transportation, taking medications, handling money, and using the telephone5,7. 

Limitations in mobility can lead to dependence in ADLs and IADLs which may 

subsequently lead to increased dependence8. Mobility disability occurs when an 

individual’s ability to move about their natural environment in order to perform activities 

essential to daily life is compromised due to mobility impairments5. 

Consequences of mobility disability 

 Mobility disability is a significant concern at both an individual and societal level. 

Health care costs are estimated to be three times higher for a disabled senior than a non-

disabled senior9. In addition, mobility limitations are often the cause of premature 

institutionalization and nursing home admittance10. Mobility limitations are also 

associated with a decreased quality of life11, loss of independence12, and a higher risk of 

mortality13. 
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Disablement Models 

 In order to understand the emergence of disability among older adults, identifying 

steps in the pathway from disease to disability is necessary. Further, conceptualizing the 

disablement process is critical in order to develop interventions that would be successful 

at preventing or postponing disability8. Several theoretical models have been proposed to 

describe the pathway from disease to disability. Saad Nagi constructed a framework that 

differentiated disability from three other distinct but interrelated constructs: active 

pathology, impairment, and functional limitation14 (Figure 1). Verbrugge and Jette15 

presented a disablement model which extended Nagi’s model to include both intra and 

extra-individual factors that speed up or slow down the disablement process. This 

expanded model is relevant to clinical researchers as it accounts for predisposing risk 

factors, exacerbators, and interventions intended to prevent, reverse, or slow the 

development of disability15. 
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Figure 1. Proposed pathway from disease to disability. Adapted from Guralnik; Verbrugge and 
Jette15,16. 

Physical Activity and Disablement 

 The literature is replete with examples of the wide ranging benefits of physical 

activity in all populations. Regular physical activity increases cardiovascular function and 

strength and reduces the risk for chronic disease and unhealthy weight gain17. However, 

some of these benefits are especially pertinent to older adults. There is a large body of 

evidence demonstrating the positive effect of progressive resistance training on muscle 

strength in older adults18. Additionally, studies have shown improved balance in older 

adults following a physical activity program19,20. Improvements in strength and balance 

have also been shown to positively affect physical function in measures such as gait 

speed, stair climbing, and ability to rise from a chair21,22. There is less evidence to support 
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a relationship between physical activity and mobility disability; however, several studies 

have reported positive effects on disability outcomes following physical activity 

interventions23. 

 The Lifestyle Interventions and Independence for Elders pilot study (LIFE-P)24, a 

year-long, multi-center randomized controlled trial recently reported a significant 

increase in SPPB score which is an independent predictor of disability after a physical 

activity intervention consisting of aerobic, strength, balance, and flexibility exercises24,25. 

However, despite a significant increase in the mean SPPB score following the physical 

activity intervention in the LIFE-P study, participants with a baseline SPPB score of 7 or 

less did not improve SPPB score at follow-up to the same extent as higher functioning 

participants24. This indicates that a traditional walking program may not be as effective or 

appropriate for individuals who are already lower-functioning at baseline. Additional 

evidence is provided from a novel study by Marsh and colleagues26 in which participants 

were randomized to a traditional walking program or to a walking program supplemented 

with balance and mobility exercises that required focused attention, decision-making, and 

executive functioning. Higher functioning participants improved their SPPB scores to a 

greater extent with a traditional walking program whereas participants with an SPPB 

score of 8 or less improved more when balance and mobility exercises were added to the 

walking program. This study provides preliminary evidence that in order to benefit from 

an exercise program, older adults with compromised lower extremity function may first 

need to engage in a more complex intervention that challenges balance, mobility, and 

cognitive function. 
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Real-world Mobility Complexity 

 It has been proposed that the walking conditions present in many exercise 

interventions lack the complexity present in many real-world environments27. For 

example, walking interventions are often conducted on a straight, level, uncluttered, and 

well-lit surface. Patla and Shumway-Cook5 recognized that successful community 

ambulation not only requires the ability to move safely and independently from one place 

to another but that this mobility is characterized by starts and stops, changes in direction 

and speed, exposure to different surfaces, obstacle avoidance, and the concurrent 

execution of other tasks such as talking or carrying objects. Therefore, the ability to walk 

in a simple environment may not be sufficient for mobility in a complex environment 

within the community28. One of the aims in designing successful physical activity 

interventions to improve mobility must therefore be to challenge participants with tasks 

that mimic the complexity of real-world mobility29 and that challenge cognitive 

processes30. 

Mobility and Executive Functioning 

 The need for more complex training programs for older adults with limited 

physical function can be explained in part by recent evidence that walking may not be the 

automatic motor activity it was once thought to be31. As sensory and motor deficits occur 

in older adults as part of the natural aging process, walking may place greater demands 

on attentional resources. Walking may therefore require input from the higher cognitive 

processes that might be grouped under the term known as executive functioning30,31. 

Executive functioning refers to cognitive processes that control and integrate other 

cognitive activities. This term has been used to describe a diverse group of cognitive 
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actions such as dealing with novelty, planning and implementing performance strategies, 

using feedback to monitor and adjust performance, and inhibiting irrelevant information. 

Mobility required for ADLs and IADLs is dependent upon these cognitive actions to pay 

attention, plan, and inhibit inappropriate details during ambulation and that requirement 

is likely more important in complex environments30. 

 Several cross-sectional studies have reported associations between executive 

functioning and gait speed, which is a global indicator of mobility32,33. However, these 

cross-sectional designs do not allow for causal inferences. Recently a small, randomized 

pilot study of 24 participants investigated the effect of cognitive remediation therapy on 

gait velocity. The cognitive remediation group used the Mindfit program, a widely 

available computerized software program aimed at training attention and executive 

function and other cognitive tasks. After eight weeks of cognitive remediation therapy, 

self-selected usual pace gait velocity increased in the experimental group over the wait-

listed control group, even in the absence of physical activity. Additionally, those that 

received the cognitive training improved their gait velocity while talking, where they 

were asked to walk while also reciting alternating letters of the alphabet34. Though 

limited by its small sample size, the results from this pilot study provide some 

preliminary evidence that cognitive training may improve lower extremity function and 

mobility. Further research using cognitive approaches to treat functional decline is 

necessary.  

Cognitive-motor Interventions 

 Recently, researchers have begun to investigate the effects of cognitive-motor 

interventions, which combine physical activity with cognitive challenges, on lower 
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extremity function. However, research combining physical activity with cognitive 

challenges targeting function is in the early stages. Studies thus far have been limited by 

small sample sizes and there is widespread methodological heterogeneity. Previous 

studies have used three strategies in cognitive-motor interventions targeting physical 

function. Some studies have used novel interventions requiring participants to perform 

physical tasks that are more complex than simply walking. Others have asked participants 

to perform secondary tasks that challenge cognitive processes while performing physical 

activity such as walking. Lastly, virtual reality and gaming systems specifically designed 

for older adults have been used to provide a combined physical and cognitive challenge. 

Training complexity 

 Marsh and colleagues26 randomized participants to either a traditional walking 

program or a walking protocol in which they encountered four obstacle stations 

challenging balance, mobility, and executive functioning. Participants with higher SPPB 

scores benefited more from the traditional walking program, those with lower SPPB 

scores who are most at risk for mobility disability improved to a greater extent when 

balance and mobility exercises were added to the walking program. Li and coworkers35 

compared a cobblestone mat walking condition in which participants walked on a mat of 

fixed synthetic river stones to a conventional walking condition. After 16-weeks, 

cobblestone mat walking improved balance, time to rise from a chair, and gait speed 

during a 50-foot walk test to a greater extent than the traditional walking program. 

 Shigematsu and coworkers36–38 performed a series of studies using a square 

stepping exercise program. Participants were instructed to step from one end to the other 

of a thin felt mat that was partitioned into 40 squares following a specific step pattern. 
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Patterns required forward, backward, lateral, and oblique step patterns and grew 

progressively more complex36. When compared to walking, the square-stepping exercise 

resulted in improved leg power, balance, and agility as measured by leg extension power, 

tandem walking, stepping with both feet, walking around two cones, and simple reaction 

time37. When compared to a traditional strength and balance training program using 

rubber resistance bands and body weight, the square-stepping exercises yielded 

improvements in strength, balance, and agility similar to or greater than those in the 

strength and balance group38. Both the patterned stepping program challenging balance 

and mobility and the strength and balance program were more effective than a traditional 

walking program, indicating that interventions targeting physical function may provide 

greater benefit to older adults by including challenges beyond simple walking. 

 Several studies have used multisensory training programs in attempts to combat 

the impairments to visual, vestibular, and somatosensory systems that occur with aging 

and are thought to contribute to functional impairment39,40. Alfieri and colleagues41 

compared a multisensory training program with a traditional strength training program. 

The multisensory training program included balance and strengthening activities in 

addition to more complex tasks. Participants in the multisensory program also walked 

forward, backwards, and sideways over varying ground surfaces and at varying speeds 

and were challenged with obstacles such as ropes, cones, and sticks. After the 12 week 

training program, participants in the multisensory training group significantly improved 

TUG scores, SPPB, and balance measures. No significant changes in these measures 

were observed in the strength training group. Buccello-Stout and coworkers42 performed 

an interesting intervention in which the experimental group walked on a treadmill for 20 
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minutes while viewing a rotating visual scene that provided a perceptual-motor mismatch 

while the control group walked while viewing a static scene. The outcome measure was a 

walking course consisting of 13 obstacles designed to measure a subject’s ability to 

navigate and balance though a complex and challenging environment. The experimental 

group was able to move more quickly and with fewer penalties through the obstacle 

course, an effect that was retained for at least four weeks post-intervention. The walking 

course outcome provided a challenging task that mimicked the complexity of real-world 

environments. The participants who completed the more complex intervention were able 

to navigate the course more quickly and effectively than those who completed a simple 

walking task. Therefore, interventions targeting mobility may be more effective if they 

simulate real-world complex conditions. 

Dual-task interventions 

 As mentioned, ambulation often requires more than the act of walking; it may also 

require an individual to concurrently avoid obstacles or hold a conversation5. Therefore, 

several studies have examined the use of dual-task interventions which require 

participants to simultaneously complete walking or balance tasks along with cognitive 

tasks43–46. Silsupadol and colleagues43 randomized 23 participants to a single-task balance 

training program where only balance tasks were given or one of two dual-task conditions 

in which participants practiced balance tasks and cognitive tasks such as naming objects 

and remembering numbers simultaneously. After four weeks of training, all groups 

improved their balance and gait speed under single-task contexts. However, only the two 

dual-task conditions improved their gait speed under dual-task conditions, which may 

better reflect walking ability in a real-world environment. Similarly, Vaillant and 
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coworkers45 randomized elderly women with osteoporosis to an exercise program which 

included sensory-awareness, strengthening, proprioceptive awareness, balance, 

coordination, and agility either with or without concurrent cognitive tasks. Cognitive 

tasks consisted of reciting poems, counting out loud upward or downward in twos, threes, 

or fives, and saying lists of objects or places. Both groups improved similarly on the 

timed up-and-go (TUG) and the one-leg balance (OLB) when the tests were performed 

under single task conditions. However, when the assessments were repeated under dual-

task conditions, only those in the dual-task group improved their TUG scores. You and 

colleagues46 randomized 13 older adults to one of two groups. The experimental group 

walked for thirty minutes while performing a memory recall task while the control group 

walked while listening passively to classical music. After the six week intervention, there 

was a significant increase in gait velocity in the control group, and while it failed to 

achieve statistical significance, there was a trend for an improvement in gait speed in the 

experimental group as well. The results of these studies suggest that in order to improve 

physical functioning and performance under dual-task conditions, it may be important to 

train participants under dual-task conditions. It may also be important that participants 

are required to pay close attention during dual or concurrent tasks in order for 

improvements to occur. This has important implications as physical functioning and 

mobility tasks in the real-world are often performed under dual-task conditions such as 

navigating or carrying on a conversation. 

Computerized interventions 

 Training with computer and video game systems may also improve functioning in 

older adults47. These systems may be classified as either biofeedback or virtual reality. 
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Biofeedback systems allow the user to become aware of their own movements and 

functions by the use of instruments that provide information about those functions. 

Virtual reality systems allow the user to interact with images and virtual objects that 

appear in the virtual environment30. Bisson and coworkers48 compared two computerized 

training programs designed to improve balance in older adults. The virtual reality training 

condition required participants to lean sideways to juggle a virtual ball while the 

biofeedback group viewed a red dot on the screen representing their center of gravity and 

were asked to move the dot to randomized locations on the screen. After a ten week 

training program, balance in both groups significantly improved. Szturm and colleagues49 

used a similar computerized biofeedback program coupled with a dynamic balance 

program in older adults with balance and mobility limitations in which participants were 

required to shift their center of pressure to complete various tasks presented on screen. 

Compared to the control group which received a standard rehabilitation program 

consisting of strength and balance exercises, the experimental group improved their 

scores on the Berg Balance Scale as well as their TUG performance to a greater extent 

than the standard treatment control group. These studies indicate that the use of simple 

biofeedback or virtual reality systems may improve balance and therefore physical 

function in older adults. 

 Interactive dance video games, modified to accommodate the functional abilities 

of older adults, have also been assessed as a way to improve physical function in this age 

group. These games require simple stepping movements to targets on an instrumented 

floor mat in response to vertically drifting arrows displayed on a video screen in front of 

the player. A feasibility study by Smith and colleagues50 found that older adults were able 
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to interact with this type of game when the stepping rate and arrow drift speed were 

adjusted to slower speeds. In another study using this same interactive video dance game, 

participants who completed the three month training program showed gains in balance as 

measured by narrow walk time as well as balance confidence51. However, SPPB scores 

showed an unexpected small but statistically significant decline after training. In 

summary, these preliminary studies, using cognitive-motor interventions, appear to be 

effective in improving physical function in older adults and provide a foundation for 

additional research into exercise interventions that combine traditional aerobic exercise 

therapy with tasks that challenge coordinated movement and cognitive function. 

Researchers have used an array of methods to challenge cognitive processes, 

including training with more complex interventions as well as interventions that force 

dual-tasking. However, few studies have used a virtual reality training program to 

challenge both physical function as well as cognitive processes simultaneously. 

Benefit of using virtual reality technology 

 Virtual reality can be defined as participant involvement in a real-time simulation 

in an environment, scenario, or activity that allows for user interaction52. Virtual reality 

systems provide a number of unique features compared to conventional physical activity 

programs. The use of virtual reality scenarios introduce a “gaming” effect into physical 

activity interventions which may positively affect participant motivation and adherence47. 

In a study by Van Schaik and colleagues53, participants aged 50 and over strongly 

preferred an exercise condition which augmented stationary bicycling with a virtual 

reality game over traditional stationary bicycling. Additionally, when asked to estimate 

the duration of their exercise session, participants underestimated the duration of their 
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session by 38% when using the virtual reality augmented program. Anecdotally, in a 

study by Studenski and colleagues51 using a version of the popular Dance Dance 

Revolution video game modified for older adults, many participants provided enthusiastic 

feedback about their enjoyment of the game. The use of novel interventions may engage 

and motivate users who would otherwise lack interest in a traditional physical activity 

program30,54. The use of a gaming situation may therefore increase participation and 

involvement. 

 Additionally, the use of virtual reality technology has several advantages from a 

methodological and research design standpoint. First, virtual reality systems can provide 

ecologically valid scenarios that elicit naturalistic movements47. Movements required to 

participate in these games can mimic movement in the real-world which require older 

adults to move in multiple directions while changing speeds, talking, or navigating while 

remaining in a controlled environment. Second, virtual environments can easily be 

manipulated allowing for a high degree of internal validity as the training protocol can be 

delivered systematically and performances recorded accurately30. Finally, virtual reality 

systems can be set up in a relatively small area using a minimum of equipment. They can 

be tailored to the physical and cognitive performance of the participant as they progress 

in the game-like environment by using structured difficulty levels. This allows for 

mastery of challenges to be tracked and for an efficient and independent delivery of the 

physical activity program. 
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PURPOSE OF THE STUDY 

 The purpose of the study is twofold. The first aim is to assess the safety, 

feasibility, organization, and development of a novel virtual reality exercise program that 

combines movement and cognitive training and a movement only training program in 

older adults living at a Continuing Care Retirement Community. The second aim is to 

compare the effect of the two training programs on Short Physical Performance Battery 

score and 400 meter walk time.  

HYPOTHESIS 

 In an adequately powered study our hypothesis would be that participants 

randomized to the combined movement and cognitive training program will improve 

lower extremity physical function to a greater extent than those randomized to the 

movement only training program. 
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METHODS 

Participants 

 Participants were recruited at a local continuing care retirement community using 

two methods; several informational meetings for the residents; and flyers posted in 

strategic locations throughout the community. All participants met the following 

inclusion criteria: be able to stand without assistance from another person, not have been 

hospitalized in the last six months, reside in independent living at the time of testing, 

living in the area for at least three months, no progressive or debilitating conditions that 

would limit participation, have received approval from their physician, be at least 65 

years of age, score ≥ 24 on the MMSE, be willing and able to participate in all aspects of 

the trial, and be willing to give informed consent. Exclusion criteria were: any psychiatric 

illness, severe symptomatic heart disease, hypertension, severe systemic disease, active 

treatment for cancer, hearing or sight impairments, excessive alcohol intake, the inability 

to walk unassissted, MRI incompatibility and claustrophobia. 

Testing Sessions 

 Participants each completed two testing sessions, one at baseline prior to 

randomization and one at follow-up after completion of the six week training program. 

The baseline session took approximately an hour and a half to complete and the follow-

up session took approximately one hour. Both visits were completed on site at the 

retirement community. 

Baseline Visit 

 Participants were met by an investigator at the site for the baseline visit. The 

investigator explained the purpose of the study and the requirements to participate. 
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Participants were given a brief pre-screening questionnaire to determine eligibility. Upon 

meeting the eligibility pre-screen criteria, participants were given ample time to read and 

ask questions about the informed consent before signing. Following the consent process, 

participants provided demographic data, a medical history, and information about current 

physical activity habits. Height and body mass were measured without shoes. Blood 

pressure was measured after participants had been sitting quietly for at least 5 minutes. 

The investigator also administered the Folstein Mini-Mental State Examination prior to 

completion of the physical performance measures. The Short Physical Performance 

Battery and the 400-Meter Walk were used to assess physical function of the participants. 

Follow-up Visit 

 Upon completion of the six week training program, participants completed the 

Short Physical Performance Battery and the 400-Meter Walk. 

Physical Performance Measures 

 The Short Physical Performance Battery (SPPB) and the 400-Meter Walk Test 

(400MWT) were performed by all participants to evaluate lower extremity physical 

function. 

Short Physical Performance Battery 

 The Short Physical Performance Battery (SPPB) consists of three tasks; a 

standing balance test, a 4 m walk to determine gait speed, and a timed performance test 

on 5 consecutive chair rises. For each task, the investigator read from a script detailing 

instructions before demonstrating the movement to the participant. The investigator used 

a digital stopwatch to time each movement and the scores from the three tasks were 
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compiled to produce the final SPPB score which ranged from zero to twelve, indicating 

lowest and highest levels of physical performance, respectively. 

Task 1: Standing Balance  The standing balance task consisted of a series of three 

positions, each position becoming progressively more difficult. Each position was held 

for a maximum of ten seconds. First, the participant was instructed to stand with their feet 

together, side-by-side. If the participant was successfully able to hold the side-by-side 

position, they were instructed to attempt a semi-tandem position with the calcaneus of 

one foot touching the hallux of the other foot. Upon completion of the semi-tandem 

condition, participants were asked to attempt the tandem position, in which the calcaneus 

of one foot was placed directly anterior to and touching the digits of the other foot. 

Participants who were unable to hold the side-by-side task for ten seconds were assigned 

a score of 0. A score of 1 was assigned if the participant was only able to complete the 

side-by side stand. A score of 2 was assigned if the participant was able to complete the 

side-by-side and semi-tandem stances. A score of 3 was assigned if the participant 

completed the first two stands and was able to hold the tandem stand for 3 to 9 seconds. 

Successful completion of each position for the full 10 seconds resulted in a score of 4. 

Task 2: Gait Speed  Participants were instructed to walk at their normal, comfortable 

pace over a 4 meter course. The investigator instructed the participant to begin with both 

feet on the start line and walk to a cone placed several meters beyond the 4 meter mark to 

ensure that the participant did not stop at the 4 meter mark. The investigator cued the 

participant to begin walking with the phrase “Ready, begin”. The investigator walked 

beside the participant and recorded the time required to complete the 4 meter distance. 
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Participants completed two trials, with the faster of the two times being used to calculate 

the score. Scores were assigned based on the following cut points of time: 

Unable to complete 0 

> 8.71 s 1 

6.21-8.70 s 2 

4.82-6.20 s 3 

< 4.82 s 4 

 

Task 3: Chair Stands  The investigator demonstrated the starting position to the 

participant with arms folded across the chest and both feet flat on the ground. The 

investigator then demonstrated one repetition, in which they stood up and sat back down, 

keeping arms folded across the chest. The participant was asked to complete one 

repetition. Following successful completion of one repetition, the participant was asked 

whether they felt it was safe to try to stand up five times without using their arms. If the 

participant felt it safe, they were instructed to complete five chair stands as quickly as 

possible. Scores were assigned based on the following cut points of time: 

Unable to complete or 
> 60 seconds 

0 

16.70-60 s 1 

13.70-16.69 s 2 

11.2-13.69 s 3 

<11.19 s 4 

 

400-Meter Walk 

 Participants also performed a measure of physical function, the 400-meter walk. 

Participants were escorted to a hallway with a measured 20 meter course marked by a 

cone on either end. The investigator read the following instructions to the participant: 
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“Now I would like to observe how you walk. You will be walking 10 complete laps 

around the course, which corresponds to about ¼ mile. I would like you to walk as 

quickly as you can, without running, at a speed you can maintain for 10 laps. During the 

test, I will ask you to rate how hard you feel you are working. When I ask you to rate how 

hard you are working during the walk, I want you to think about the total feeling of 

exertion in your overall body, including your breathing and muscles. If you develop chest 

pain or significant shortness of breath, or are too uncomfortable to continue, please stop 

walking and tell me. If you need to, you may stand in place and rest for a few moments.” 

 The investigator then demonstrated one full lap around the course. Participants 

were then asked whether they felt it was safe to try and walk up and down the course 10 

times. If they felt it safe, participants then walked 10 laps around the course. The 

investigator walked with the participant and also monitored the number of laps and 

provided standardized encouragement. Time was not stopped if the participant needed to 

rest, but the test was terminated if the participant wanted to stop or needed to sit down. 

After completion of the 5th lap, participants were asked how hard they felt they were 

working, on a scale of 1-4: 1 = Light, 2 = Somewhat hard, 3 = Hard, 4 = Very Hard. If 

participants reported working light or somewhat had they were reminded to walk as fast 

as possible at a speed they could maintain. If the participant was unable to complete the 

walk they were asked to provide a reason for termination. The investigator also recorded 

any observed or reported symptoms and monitored the participants until the symptoms 

subsided. If the participant was able to complete the 400 meters then the time it took to 

complete the 10 laps was recorded. If a participant was unable to complete 10 laps then 

the time and distance they were able to complete was recorded. 
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Intervention 

 Participants were randomized to either a movement plus cognitive training group 

(MCT) or a movement training only (MT) group. The goal was for participants in both 

groups to attend five sessions a week for six weeks, for a total of thirty sessions. When 

scheduling allowed, missed sessions were made up at the end of the six weeks. Sessions 

lasted 15-30 minutes, depending on the physical capabilities of the participant. 

 Participants in both groups used a new custom software program integrated with 

the Microsoft Kinect camera. A laptop computer connected to the Kinect camera was 

used to run the software program. The computer was also connected to a 42” LCD 

television which projected the display on the computer. The Kinect camera tracked the 

participant’s movements and these movements were mimicked by an avatar on the 

screen. The software program is in the form of a game which provides a gradual 

progression of either movement and cognitive tasks or movement only tasks as described 

below. 

Movement plus cognitive training 

 Participants in the MCT training group began each session with 5 warm-up levels, 

lasting 30 seconds each in which they moved laterally to avoid obstacles in the form of 

red blocks moving towards them. In each of the 5 warm-up levels, the blocks move 

progressively faster. Upon completion of the warm-up, participants moved on to a series 

of movement tasks in which three cognitive challenges were incorporated: Go-No Go, N-

back, and Ts and Ls. 

 To provide an aerobic stimulus to the training program, two minute marching 

sessions were also included in the program after each of the three cognitive tasks. A total 
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of 3 marching sessions were completed during each exercise session. Participants were 

given a beat, adjustable by the interventionist in the program software, and instructed to 

march to the beat. The Kinect was able to track the knee angle of the participant and 

compare timing between the knee angle and the beat. Therefore, feedback was provided 

by a bar on the screen which turned green if the participant was marching on beat and red 

if the participant stepped off beat.   

Go-No Go: In this task, targeted blocks of different colors moved toward the avatar. One 

color was randomly selected and indicated in a box in the upper left hand corner of the 

screen. Participants were instructed to move laterally to avoid all obstacles except those 

of the specific color indicated, which they were instructed to hit by moving the avatar. 

Initially, there were only red and blue blocks so the participant was instructed to hit one 

and avoid the other but as participants progressed through the levels two additional 

colors, yellow and green were added and the color to hit varied randomly. The 

interventionist controlled the progression through each 30 second level and the difficulty 

was further increased by increasing the speed of the blocks targeting the avatar (Figure 

2). 
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Figure 2. Go No-Go Task. Participants would be instructed to move laterally to first 
avoid the red block and then hit the blue block. 

N-back:  This task was a color adaptation of the n-back working memory test. In this task, 

players were presented with a series of 21 pairs of blocks, each alternating with a single 

gray block. Each pair of blocks contained one black and one colored. The participant 

selected which block to hit based on the color of the block seen previously. If the color of 

the block matched the color they saw previously then the participant moved so that their 

avatar touched the colored block. If the color did not match the previous color then the 

participant touched the black block. Participants were instructed to always hit the gray 

block which was used to increase the amount of lateral movement required by the game. 

As the game progressed in difficulty, the participant was forced to decide which block to 

touch more quickly. Additionally, some participants progressed to matching the color of 

the block seen two, three, or four pairs back (Figure 3). 
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Figure 3. N-back Task. In this series, participants would begin the level by touching the 
gray block but remembering the red. They would touch the red block in the next pair 
because red was the color seen immediately before. In the third pair, they would touch 
the black block because yellow does not match the red block seen prior. 

Ts and Ls: In this task, participants were presented with a pair of doorways in which there 

were randomly positioned and rotated Ts. In one doorway there was an L. Participants 

were given 4 seconds to decide which doorway contained the L and to move to the 

appropriate doorway. This challenge was repeated ten times per training session. Initially, 

there were 4 letters presented in each of the two doorways. After participants correctly 

identified the side with the L a total of 10 times, the number of letters within each 

doorway increased. Participants progressed from 4 letters on each side to 8 letters and 

then 16 letters while the time restraint was kept constant. 
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Figure 4. Ts and Ls Task. In this frame, participants would move to the right doorway. 

Movement training 

 Participants randomized to the MT group completed the same warm-up as the 

MCT group in which they completed five 30 second levels where they were instructed to 

move laterally in order to miss all red blocks targeting their avatar. The MT group also 

completed approximately ten additional 30 second segments in which additional blocks 

were added and the speed of the blocks increased but no decision making was required, 

that is, the object of the game remained the same as participants moved laterally to avoid 

hitting all blocks. After the warm-up and after every fifth 30 second segment was 

completed, the participants completed a two minute marching segment, for a total of 

three marching segments per session. The marching stimulus was identical to that used in 

the MCT group, as participants were presented with a consistent beat and provided 
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feedback via a bar across the top of the screen which turned green when the participant 

matched the beat. 

 In order to keep the amount of training time consistent between groups, the MT 

group also participated in a stretching and toning program since they did not do the three 

cognitive modules. This protocol is consistent with one used in several other studies 

examining the relationship between physical activity and cognition that have used a 

stretching and toning program for the non-cognitively challenged control group55,56. The 

interventionist guided each participant through a series of upper and lower body toning 

exercises. Each exercise used light elastic resistance bands and targeted all major muscle 

groups. Participants completed one set of 12 repetitions of each exercise. Upper body 

exercises consisted of the chest press, rows, lateral raises, bicep curls, and triceps 

extensions. Lower body exercises performed were seated leg extensions, abductor 

exercises, seated ankle extensions, standing squats using the chair for support, calf raises, 

hip extensions, and 15 seconds of balancing on one leg. The cool-down consisted of 

seated stretching exercises targeting the hamstrings, gastrocnemius, pectorals, deltoids, 

latissimus dorsi, triceps, and biceps.  

Statistical Analyses 

 All statistical analyses were performed using the Statistical Package for Social 

Sciences (SPSS) software (version 19.0, SPSS, Inc., Chicago, IL). Statistical significance 

for this study was set at the p < .10 level. 

Descriptive Statistics 

 We computed descriptive statistics for demographics and functional measures for 

the MCT and MT groups. 
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Baseline Differences 

Independent t-tests were used to test for baseline differences between groups. 

Functional Measures 

Traditional parametric statistical analyses were inappropriate for the small sample 

size. Means and standard deviations were computed for the outcome variables of SPPB 

score, 400 meter walk, time to complete 5 chair stands, and usual pace gait speed over 

four meters. Individual data points and standardized scores were also examined pre and 

post intervention. 
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RESULTS 

Demographics 

A total of 8 older adults completed the study, 6 in the MCT group and 2 in the 

MT group. Descriptive statistics for demographic information are presented in Table I. 

Older adults in the MCT group ranged from 76-91 years of age (84.5±6.0). The 

MCT group was comprised of 3 males and 3 females. Five of the participants were 

Caucasian and one participant was African American. All older adults had completed 

high school, 67% had completed college, and 50% had completed a post graduate degree. 

The older adults were overweight, with a mean Body Mass Index (BMI) of 27.8±2.6 

kg/m2. The mean Mini Mental State Examination (MMSE) score was 28.3±1.51. All 

participants in the MCT group participated in physical activities aside from the 

intervention. Activities included walking, chair exercises, and strength and balance 

training. All but one participant reported daily participation in one of these activities, 

usually lasting 30 to 45 minutes in the form of group exercise class at the CCRC. The 

remaining participant reported 30 minutes of balance training three times per week. 

Older adults in the MT group ranged from 80-86 years of age and both were 

female; one participant was Caucasian and the other African American. Both members of 

the MT group had completed high school and one had completed college and a post 

graduate degree. The MT group was overweight, with a mean BMI of 27.2±3.1 kg/m2. 

The mean MMSE score in the MT group was 29.5±0.71. One participant in the MT group 

participated in daily walking and strength and balance training lasting 45 minutes per 

session separate from the intervention. The second participant reported no outside 

physical activity. 
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Independent sample t-tests were used to determine if differences in baseline 

characteristics existed between groups. There were significant gender differences 

between groups as there were no males present in the MT group. There were no 

significant differences in age (p=0.761), BMI (p=0.788), or MMSE (p=0.348).  

Safety and Feasibility 

 All participants were willing and able to complete both testing visits and all 

training sessions. The length of each training session averaged 20 to 25 minutes 

depending on the abilities of the participant. Participant feedback was positive and most 

participants reported that the training was enjoyable and they perceived it to be 

beneficial. No reports of discomfort or injury were made by participants to the 

investigators. There was one adverse event during a MCT session. A participant sustained 

a fall to the side during the Go-No Go task. The participant reported no pain or soreness 

immediately after the fall or during a follow-up phone call the next day. 

Compliance and Adherence 

 Participants attended an average of 29.5 sessions in the MCT group and 25.5 

sessions in the MT group. Two participants in the MCT group and three participants in 

the MT group did not complete the study due to health problems unrelated to 

participation in the study. Of the five drop-outs, one female participant had to respond to 

an out of state flooding emergency during the study and upon return injured her ankle 

stepping off a curb. A second participant sustained an ankle injury walking her dog and 

underwent physician treatment. Another participant left the study due to chronic fatigue, 

later diagnosed as leukemia. She passed away while her husband was still enrolled in the 

study, and upon her passing he dropped out in order to be with his family. The fifth 
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participant dropped out due to an episode of vertigo which required an emergency room 

visit and repeated spells of dizziness. 

Measures of Lower Extremity Function 

Descriptive statistics at baseline and follow-up for the lower extremity functional 

data are presented in Table II. Lower extremity function data and standardized scores for 

individual participants are shown in Table III.  

SPPB 

 At baseline the mean SPPB scores were the same for both the MCT and MT 

groups (10.5). Both groups improved post-intervention and had equivalent mean SPPB 

scores of 11.0. SPPB scores at baseline and follow-up for each participant are shown in 

Figure 5. The four participants with baseline SPPB scores of 12 maintained this score at 

follow-up. Each of the four participants with baseline SPPB scores of 11 or less improved 

their scores at follow-up. Individual scores for each of the SPPB components are shown 

in figure 6. 

Gait Speed:  Gait speed measured during a 4 meter usual pace walk was faster for the 

MCT (1.04±.25m/s) than MT (.66±.12m/s) group at baseline. Both groups improved their 

usual pace gait speed at follow-up (Table 2). Gait speed for each participant is presented 

in Figure 7. Seven of the participants increased their gait speed following the intervention 

while one participant remained the same. 

Chair Stands:  Participants in the MCT group were able to complete five chair stands 

more quickly than the participants in the MT group (10.26±4.21s, 11.34±3.32s) at 

baseline. At follow-up, participants in the MCT group improved their chair stand times 
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(8.77±3.82) while those in the MT group took longer to perform the task than at baseline 

(12.05±3.99). Chair stand time for each of the participants is presented in Figure 8. 

400-Meter Walk 

At baseline, the mean time to complete the 400 meter walk was faster for the 

MCT group (388.6±118.0s) than the MT (491.5±153.4s) group. Both groups improved 

after the intervention as the mean time to complete 400 meters was 369.6±103.5s for the 

MCT group and 394.5±71.4s for the MT group. One participant in the MCT group was 

unable to complete the full 400 meters at either baseline or follow-up so his data is 

excluded from this analysis. Individual data for the 400-m walk is presented in Figure 9. 

All participants were able to complete the 400 meter walk faster at follow-up. Regression 

analysis of the 400 meter walk times in the MCT group pre and post intervention showed 

a significant difference (p=.067) between the slope of the regression line and a slope 

equal to one (Figure 10). This indicates that participants who had slower times at baseline 

improved to a greater extent than did the participants with faster times at baseline; the 

lower functioning participants improved 400 meter walk times to a greater extent than 

higher functioning participants. 
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Table I. Demographic information 

 MCT, n=6 (3 males, 3 females) MT, n=2 (2 females) 
 Mean±SD Range Mean±SD Range 
Age 84.5±6.0 76-91 83±4.2 80-86 
Height (m) 1.66±.11 1.54-1.80 1.63±.03 1.61-1.65 
Body Mass 
(kg) 

77.83±17.1 59.9-97.3 72.3±5.8 68.2-76.4 

BMI (kg/m2) 27.8±2.6 25.2-31.7 27.2±3.1 25.0-29.4 
MMSE 28.3±1.51 26-30 29.5±0.71 29-30 
 
Table II. Lower extremity function 
 MCT, n=6 (3 males, 3 females) MT, n=2 (2 females) 
 Pre Post Pre Post 
SPPB 10.5±1.98 11.0±1.55 10.5±2.12 11.0±1.41 
Chair stands (s) 10.26±4.21 8.77±3.82 11.34±3.32 12.05±3.99 
Gait speed (m/s) 1.04±.25 1.11±.28 .66±.12 .96±.17 
400m walk time 
(s) 

388.6±118.0* 369.6±103.5* 491.5±153.4 394.5±71.4 

*Includes the 5 participants who were able to complete the 400 meter walk. Excludes one 
participant who was unable to complete the full 400 meters. 
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Table III.  Individual lower extremity function data and standardized scores 
 SPPB (0-12)  

(z-score) 
400-MW (s) 
(z-score) 

Gait Speed (m/s) 
(z-score) 

Chair Stand (s) 
(z-score) 

 Pre Post Pre Post Pre Post Pre Post 

MCT Male 12 
(0.81) 

12 
(0.71) 

271  
(-1.17) 

266 
(-1.23) 

1.30 
(1.31) 

1.32 
(0.97) 

5.37 
(-1.36) 

4.93 
(-1.22) 

8  
(-1.35) 

9 
(-1.41) 

  0.84 
(-0.40) 

0.95 
(-0.48) 

11.39 
(0.23) 

12.35 
(0.71) 

12 
(0.81) 

12 
(0.71) 

288 
(-1.04) 

275 
(-1.13) 

1.36 
(1.52) 

1.56 
(1.91) 

6.57 
(-1.04) 

5.08 
(-1.16) 

Female 8 
(-1.35) 

9 
(-1.41) 

564 
(1.16) 

516 
(1.54) 

0.76 
(-0.68) 

0.79 
(-1.11) 

17.10 
(1.73) 

14.26 
(1.20) 

11 
(0.27) 

12 
(0.71) 

417 
(-0.01) 

410 
(0.37) 

1.01 
(0.23) 

1.00 
(-0.31) 

11.73 
(0.31) 

8.59 
(-0.26) 

12 
(0.81) 

12 
(0.71) 

403 
(-0.12) 

381 
(0.05) 

0.97 
(0.09) 

1.05 
(-0.83) 

9.42 
(-0.29) 

7.42 
(-0.56) 

 

MT Female 12 
(0.81) 

12 
(0.71) 

383 
(-0.28) 

344 
(-0.36) 

0.74 
(-0.73) 

1.08 
(0.03) 

8.99 
(-0.41) 

9.23 
(-0.09) 

9 
(-0.81) 

10 
(-0.71) 

600 
(1.45) 

445 
(0.76) 

0.58 
(-1.34) 

0.84 
(-0.92) 

13.69 
(0.83) 

14.87 
(1.36) 
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Figure 5. Individual participant SPPB scores. Possible scores range from a zero to 
twelve, with a higher score indicating better functional performance. 
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Figure 6.  Individual scores on the balance, gait speed, and chair stand components of the 
SPPB. 
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Figure 7. Usual pace gait speed over 4 meters for individual participants. Greater values 
indicate faster gait speed and better lower extremity function. 
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Figure 8. Time to complete 5 chair stands for individual participants. Smaller values 
indicate that the participant was able to complete the task in less time, indicative of better 
lower extremity function. 
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Figure 9. Time to complete the 400 meter walk for individual participants. Smaller 
values indicate that the task was completed in less time and are therefore indicative of 
better functional performance. 
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Figure 10.  Regression of 400-m walk times pre and post intervention. The red line 
indicates a theoretical regression where pre and post are equal for all participants. The 
actual regression line is shown in red and the slope < 1. A slope < 1 indicates that 
difference between pre and post 400-m walk time is greater the higher the pre time, or the 
lower functioning participants improved walk times to a greater extent than did higher 
functioning participants. 
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DISCUSSION 

 As the American population ages, the burden of chronic disease and disability 

will become an ever-increasing problem. Nearly one third of adults over the age of 65 

report mobility limitations3. The consequences of mobility limitations include increased 

health care costs9, loss of independence12, decreased quality of life11, and a higher risk of 

mortality13. Therefore, research efforts focused on maintaining or improving physical 

function and preventing disability in the older adult population will be important now and 

in the future. There were two specific goals of this study. The first was to assess the 

safety, feasibility, and organization of a combined movement and cognitive training 

program using a virtual reality system and of a movement only program using the virtual 

reality system with the addition of stretching and toning exercises in older adults residing 

in independent living in a continuing care retirement community. The second aim was to 

compare the effect of the two interventions on lower extremity function. 

Measures of Lower Extremity Function 

SPPB 

 Following the intervention, the mean SPPB score of both groups improved by 0.5 

of a point. This is consistent with several other studies which reported higher SPPB 

scores after a multi-sensory training program26,41. According to a study by Perera and 

colleagues57, a 0.5 point change in the SPPB is small but meaningful. However, it is 

important to note that in our study, 4 of the 8 participants attained the maximum possible 

SPPB score of 12 at baseline and again at follow-up. The 4 participants who scored 11 or 

less at baseline all improved their scores by 1 point at follow-up. Perera and colleagues57 
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consider a change of this magnitude to be substantial. This change in SPPB is 

encouraging given the short duration of the intervention. 

Gait Speed 

 Participants in both groups increased their usual gait speed measured over 4 

meters. The mean gait speed in the MCT group improved by 0.07m/s, while the MT 

group improved by 0.3m/s. The 0.07m/s increase in gait speed is between a small and 

substantial change and the 0.3 m/s is a substantial change according to Perera and 

coworkers57. The magnitude of change in our study is consistent with several other 

studies which have reported improvements in gait speed following interventions designed 

to challenge cognitive and functional abilities34,43,46. Verghese and colleagues34 reported a 

0.08m/s increase in gait speed after cognitive remediation therapy, even in the absence of 

a physical activity intervention. Silsupadol and coworkers43 reported increases of 0.16m/s 

and 0.09m/s in gait speed in each of the two experimental groups after four weeks of 

dual-task training. 

 Even the small change in gait speed of 0.07m/s observed in the MCT group may 

be important as gait speed has been reported as a global indicator of mobility58,59 and is a 

good predictor of physical performance60, and incidence of falls10,61. Perhaps most 

importantly, slower gait speed is associated with an increased risk of mortality58,62. In a 

pooled analysis of nine cohort studies, Studenski and colleagues62 reported that gait speed 

is associated with survival in older adults and that survival rate increases significantly 

with each 0.1m/s increase in gait speed. 
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Chair Stands 

 We observed a significant decrease of 1.49s in time to complete 5 chair stands in 

the MCT group, indicating improved performance. Although similar studies have not 

reported the time to complete 5 chair stands as an outcome, several studies have found 

improvements in the timed up-and-go (TUG) task after a multi-sensory 

intervention41,45,49. While only one chair stand is required during the TUG, completion of 

this task also requires the ability to rise from a chair. We did not see any improvement in 

time to complete five chair stands in the MT group. Instead, we observed a decline in 

performance at follow-up as the time to complete the chair stands increased by 0.71s. 

Although the small group size limits the power to detect changes, this is interesting 

because the MT group participated in lower extremity strengthening exercises whereas 

the MCT group did not. Alfieri and colleagues41 observed similar results in a study which 

compared a multi-sensory program to a general strength training program. The 

participants who completed the strength training did not improve on the TUG task 

whereas those who completed the multi-sensory program did. We hypothesize that the 

improved performance on the chair stand task may have been a result of cognitive 

adaptations which increased the speed of processing and facilitated the ability to perform 

the task. The ability to rise from a chair is important in many of the ADLs and IADLs 

and also partially predicts risk of falls, disability, and mortality63. 

Balance 

 We were unable to detect any changes in balance following the intervention due 

to a ceiling effect in participant performance with our balance measures. All but one 

participant was able to attain the maximum possible score on the balance portion of the 
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SPPB before and after the intervention. Several other studies using more sensitive 

outcome measures have reported balance improvements following multi-sensory 

interventions41,45. Alfieri and coworkers41 reported a reduction in the displacement of the 

center of pressure after a multi-sensory physical activity intervention, indicating an 

improvement in static balance. In a study by Vaillant and colleagues45 which combined a 

physical activity program with cognitive tasks, participants improved their performance 

on the one-leg balance test in which they were asked to stand on one leg for as long as 

possible, up to a minute. Additionally, Bisson and coworkers48 also reported improved 

performance on the Community Balance and Mobility Scale (CB&M), a battery of 13 

tests designed to reflect necessary skills for functioning in the community64 after use of a 

computerized training program. Due to the lateral movement, stops and starts, and 

directional changes required to play both versions of the game, it is possible that balance 

changes did occur. However, our outcome measure combined with a relatively high 

functioning group of participants did not allow for us to detect any changes that may have 

occurred. 

 Future studies may want to incorporate a more sensitive measure of balance as an 

outcome measure to avoid the ceiling effect observed in the present study. Useful 

measures may include the CB&M64 which is designed to assess balance as well as the 

skills necessary for community functioning or an expanded battery of more demanding 

tasks to supplement the SPPB65. Use of these additional measures would allow 

researchers to discern whether balance improvements occurred in participants who are 

higher functioning at baseline and also to determine whether improvements in balance 

translate to better functioning in daily tasks.    
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400 Meter Walk 

 On average, participants improved their performance on the 400-m walk. The 

time to complete the 400-m walk improved in both groups following the intervention and 

all seven participants who were able to complete the task at both baseline and follow-up 

improved their times. The magnitude of change was greater in the MT group than in the 

MCT group, however this was due to one participant who improved by 2 minutes 35 

seconds during follow-up testing. This particular participant was the only individual who 

reported no participation in physical activity prior to the study. She also reported an 

increase in time spent walking throughout the day as a result of being physically active 

during the study. Therefore, the improvements in her 400-m walk time coupled with a 

0.26m/s increase in gait speed may be due to the fact that she had more to gain by simply 

becoming more physically active than the participants who already reported additional 

forms of physical activity. 

 The regression analysis of 400-m walk times pre and post intervention 

indicated that participants in the MCT group who had slower times pre intervention 

improved to a greater extent than did participants with faster times at baseline. Marsh and 

colleagues 26 also found that participants who were lower functioning at baseline 

improved 400-m walk times to a greater extent following a multi-sensory intervention 

targeting balance, mobility, and cognitive processes. Results from this study provide 

additional evidence that physical activity programs for lower functioning older adults 

may need to target cognitive processes in addition to simply walking in order to improve 

on functional tasks such as the 400 meter walk. The inability to walk 400 meters has been 

defined as major mobility disability66 and the ability to walk this distance is important as 
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a functional outcome, as a predictor of several adverse health outcomes, and for the 

ability to take part in a wide variety of daily and social activities that require walking this 

modest distance. The loss of this ability requires an individual to either resort to 

compensatory strategies which result in significant social or financial burdens or to 

narrow the scope of their daily lives67. Additionally, in a large observational cohort study, 

Newman and coworkers68 found that the inability to complete the 400m walk was 

associated with a higher risk of mortality, cardiovascular disease, mobility limitations and 

mobility disability. 

Explanation for Lack of Differences Between Groups 

 We had hypothesized that in an adequately powered study, participants who took 

part in the MCT program would improve lower extremity function to a greater extent 

compared to those in the MT program. While our small sample size, particularly in the 

MT group, limited our ability to make comparisons, we found improvements in both 

groups in both the mean 400-m walk time and mean SPPB score. This is partly explained 

by a large improvement of 115 seconds on the 400 meter walk from one of the two 

participants in the MT group as mentioned previously. This participant was the only 

participant who reported no outside physical activity prior to the intervention and 

therefore may have benefited greatly from beginning a training program. 

 Another potential explanation for the improvements in 400-m walk time and 

SPPB scores seen in both groups is that while only the MCT training program explicitly 

incorporated cognitive tasks, the MT group was also required to adapt to a novel 

intervention. We developed two versions of the training program software, one with 

cognitive tasks and one without, in an attempt to separate the effects of the cognitive 
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training from the movement training. However, in this group of older adults, none 

reported previous use of any video games and therefore both groups were required to 

learn and adapt to a novel task. Dealing with novelty and planning and implementing 

performance strategies are both actions that require the use of executive functioning31. 

Therefore, although the MT training program lacked specific cognitive tasks, it may have 

still required the use of executive functioning in the older adults. This could explain why 

both groups improved on measures of lower extremity function and why we failed to see 

differences between groups. 

Safety 

 All older adults were willing and able to participate in all training sessions. The 

one participant who sustained a fall during training reported that her foot had simply 

gotten stuck on the carpet. Several other participants also reported that they felt as if their 

shoes were getting caught on the carpet. All of the participants regularly wore walking 

shoes or athletic shoes and the carpeting was similar throughout the entire independent 

living community. 

We also had a high drop-out rate due to serious medical conditions. However, the 

participants are older adults in which medical complications are not uncommon. Of the 

five reasons reported for drop-outs, only the two ankle injuries have any plausible 

connection to the study given the large amount of lateral movement incorporated into the 

training program. However, one participant stated explicitly that the injury occurred 

when she stepped off of a curb, and the other participant reported that symptoms began 

while walking her dog. None of the participants who completed the intervention 

complained of any adverse events that might be attributed to the study and therefore the 
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training program appears to be safe for older adults who live independently and are able 

to stand without assistance from another person. 

Feasibility 

 This pilot study also assessed the feasibility of the MCT and MT training 

programs. We sought to evaluate whether the program was suitable for older adults as 

well as whether the game could be played with an appropriate amount of time and 

involvement from an interventionist. 

 We were concerned in the development of the program with designing a software 

program that would challenge the movement and cognitive capabilities of older adults 

without being too difficult. We found that the participants responded very well to the 

cognitive challenges presented in the MCT program. All of the participants were able to 

understand the directions for each of the cognitive tasks. Multiple levels of difficulty 

within each task allowed the interventionist to tailor the program to an individual 

participant’s level of cognitive functioning. For example, in the N-Back task, many 

participants felt that they were being challenged remembering one color previous. Several 

participants were able to move to the second level where they were required to remember 

two colors previous, and one participant played the game at level four. Therefore, we 

believe all participants were challenged, but able to complete each task without becoming 

frustrated by a lack of success, and when skill level improved they were able to progress 

to the next module. The interventionist was also able to effectively tailor the MCT and 

MT program to each individual’s level of physical functioning by adjusting the speed at 

which blocks moved towards the avatar. A wide range of physical abilities were 

represented by the participants. Two participants were able to complete the training 
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program with assistance from their canes. Therefore, we believe the training programs to 

be feasible for older adults who live independently and who are able to stand without 

assistance from another person. 

 From an interventionist’s perspective, the software used for both training 

programs was time intensive. An interventionist must be present for each session and can 

only feasibly train one participant at a time as they must manually begin each level of 

play. It was also necessary for the interventionist to explain each task during each of the 

first few sessions, although with repeated exposure all participants were able to 

remember the directions on their own. Future versions of the program should be designed 

to be more autonomous so that participants can begin each level and play without the 

supervision of the interventionist. Additionally, although this training program is time 

intensive for the interventionist, it may be more feasible than many of the other multi-

sensory cognitive-motor interventions. The MCT and MT programs can be completed in 

a relatively small space such as a living room or common room with the use of a 

television, laptop, and Kinect camera. Many of the other multi-sensory interventions 

described in the literature require elaborate set-ups and large spaces for the intervention 

training programs26,41,69. Therefore, with an updated software version, the MCT and MT 

training programs may be appropriate for use in a retirement community or private home. 

Acceptability and Enjoyment 

 In the development of the software, an important intention was to create a training 

program both acceptable and enjoyable to the older adult participants. Anecdotally, the 

feedback received from the participants in the MCT group was very positive. Participants 

reported that they enjoyed the program and felt that they received some benefit. One 
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female participant reported that she felt as though it made her daily walk much easier. 

Another male participant felt that his focus and concentration had improved throughout 

the study while another reported that he felt like he had “been exercising his brain”.  

 Participants in the MT group generally enjoyed participating in the study although 

they reported more enjoyment from the individual stretching and strengthening sessions 

than from playing the MT version of the game. Most participants found the MT training 

program to be boring after the first few levels had been played. Generally, however, all 

participants responded very well to the use of the new technology in the Kinect camera 

and software and found enjoyment in some component of the program. 

Limitations 

 The results of this study should be interpreted within the context of several 

limitations. The primary limitation was the small sample size which resulted in low 

statistical power. Further, the randomization procedure and unequal attrition rates 

between groups resulted in just two participants completing the MT program. This 

limited our ability to make comparisons between groups and also allowed data from one 

participant to greatly influence the group mean. A second limitation was that due to the 

exploratory nature of the study, one investigator completed all baseline and follow-up 

assessments as well as the majority of the training sessions. While this introduced the 

potential for bias, the SPPB and 400 meter walk are objective measures of physical 

function. Both tests are administered using a standard protocol and prepared script which 

reduces the potential for bias. An additional limitation of this study was the lack of 

sedentary, low-functioning older adults included in the sample. Half of our sample 

attained perfect SPPB scores before the intervention and all but one reported participation 
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in additional forms of physical activity aside from the intervention. The lowest SPPB 

score represented was an 8, and therefore we cannot draw conclusions about the effect of 

this program on older adults with very low function. Therefore future studies should 

include a greater percentage of sedentary older adults with impaired lower extremity 

function who may most benefit from this training program. 

Conclusion 

 As the population ages, a multitude of approaches to preventing or treating 

impaired lower extremity function and mobility limitations will need to be considered. 

Findings of this study indicate that participants appeared to benefit from two novel 

training programs. Participants in the combined movement and cognitive training 

program as well as the movement only training program improved SPPB and 400-m walk 

times after the intervention. The participants also reported that the program was 

enjoyable and beneficial. Further research is needed to replicate these findings in a larger 

sample and to determine the effects of these programs on adults who are lower-

functioning at baseline. Additionally, more research is needed to determine whether the 

improvements in outcome measures in this study translate to better functioning in daily 

activities. 
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Brain Boot Camp: Multi-sensory Training to Enhance Brain Health and 
Functional Abilities in Aging Intervention 

Initial Contact Script & Pre-screen Questionnaire 
 

 
Date: ___/___/___  Name: ________________________ Sex: M  /  F 
 
 
Introduction: Hello Mr./Ms._________________ , this is ___________ and I’m 
from _______________. I’d like to invite you to participate in a research study to 
compare how two new, 6-week movement only or movement plus decision-
making training programs improve brain and lower extremity function in older 
adults. Would you be interested in taking part in a research study at this time? 
 

 If yes, continue on to explain the study purpose and details. 
 If no, record reason, a later date they may be interested, etc. 

 
 

START 
 
Purpose:  
The purpose of this study is to measure how two new, 6-week movement only or 
movement plus decision-making training programs improve brain and lower 
extremity function in older adults. It is our hope that this study will help 
researchers learn if increasing lower body strength and function increases ability 
to perform activities of daily living such as climbing stairs or standing up out of a 
chair. They would also like to know if these abilities allow you to live 
independently longer. We hope the information learned from this study will 
benefit other people in the future. 
 
Brief study description: 
This study will require two visits at the beginning of the study and another two 
visits at the end. The first visit is on the Wake Forest University Health Sciences 
campus to consent you and further determine your study eligibility. This visit will 
last about 60 minutes. If you do qualify, you will then be scheduled for one 
additional brain imaging visit at the WFUHS MRI Center lasting about one-hour .  
The second visit at the end of the study would involve the same procedures. You 
will be compensated $100 for completing each neuroimaging visit. Therefore, the 
possible total amount for participating in the entire study would be $200. 
 
In between these visits, you would complete a 6-week exercise and /or decision-
making program. This program would consist of 5 daily movement training 
sessions lasting up to 30 minutes, Monday through Friday. Does this sound like 
something you would be interested in doing? Do you have any questions so far? 
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(If yes, answer any questions they have at this point before continuing on to get 
their contact information.)  
 

 
 
 
If ineligible based on weight, do not proceed and let them know that they do not 
meet study eligibility requirements. Would you like us to put your name in a 
database to notify you of for future studies? Otherwise: 
 
I will now be asking you some questions to determine if you qualify for this 
research study. The questions will take 10-15 minutes in total. Do you have time 
to go through them with me now? 
 
 
(If yes, continue; if no, reschedule:  
 
 
TIME: ___________AM/PM DATE: ____/___/____.) 
 
 

CONTACT INFORMATION 
 
Name   ___________________________, __________________________, ________ 

             Last                                                 First                                                M.I. 
 

      
DOB: ______ / ______/ __________       Age: _______ (Must be 65 years+) 
             MM       DD           YYYY              
                  
                                              
 Male               
 Female      

 
Reported Weight: ___________   lbs     Height: _____ ft. ____ in.    (Note: must be < 250 lbs)  
 
Street Address: 
      
         City:________________________  State:__________  Zip:_______________ 
 
 
Home Telephone:   (___________) __________ - __________________ 
 
Cell Phone:             (___________) __________- ___________________ 
      
Email Address:       __________________________________________ 
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By answering these questions, you are under no obligation to participate in this 
research study. Before we begin, I want to let you know that the information and 
responses you provide are kept strictly confidential. If at any time you do not feel 
comfortable answering a question, please let me know.  

 
PHYSICAL FUNCTIONING 

        Note: Shaded response boxes indicate exclusionary items. 
                                                                                                   

             
YES     

 
NO 

Do you require assistance for walking? 
 

  

 
If participant answers the above questions “Yes”, thank them for their time and let 
them know that they do not meet the eligibility requirements for this study.  
 

 

HEALTH  
 
 

Note: Shaded response boxes indicate exclusionary items. 
 

YES NO 

 

Have you had or been under treatment for high blood 
pressure? (Do not exclude if on medication and controlled.) 
 

  

 

Have you had or been under treatment for severe heart 
problems? 
(Interviewer only cue examples if needed:  unstable angina, symptomatic 
congestive heart disease or failure, exercise-induced arrhythmias,aortic 
stenosis.) 

  

 
Do you have an implanted pacemaker or any wires in your 
heart? 

  

 

Do you have cancer?  
 

  

 

Do you have a thyroid disorder? 
 

  

 
Do you have severe kidney disease? 
 

  

 
 

 
YES 

 
NO 

Has a doctor ever told you that you have:   
     a. Parkinson’s Disease?   
     b. Rheumatic disease? (Rheumatoid arthritis, lupus,    
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If eligible to all screening questions up to this point, continue on to MRI screening 
questions. If not (i.e. they had one or more response in a shaded box indicative 
of a permanent exclusion), thank them for their time and let them know that they 
do not meet the eligibility requirements for this study. 

         psoriatic arthritis, Reiter’s disease).
     c. Multiple sclerosis?   
     d. ALS (or Lou Gehrig disease)?   
     e. Schizophrenia?   
     f. Bipolar disorder?   
     g. Chronic liver disease?   
     h. Inflammatory bowel disease?   
     i. Chronic obstructive pulmonary disease?   
 
Do you have any major hearing or vision problems? 
(Significant visual or hearing impairment that cannot be corrected and 
prevents participation in experimental procedures.) 
 

  

 
Do you wear a hearing aid? (Bring with you to visits, but you will 
not be allowed to wear it in the scanner.) 
 

  

 
Do you drink more than 3 alcoholic drinks a day? 
 

  

 
Are you currently taking any medications for your memory? 
If yes, specify:  
 
 
 

  

 
Has a doctor ever diagnosed you with a problem with 
memory or thinking such as dementia or mild cognitive 
impairment?  
 

  

 
Do you have any difficulty reading? 
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MRI SCREENING 
                                                                                                            
 
Note: Shaded response boxes indicate exclusionary items. 

  
YES 

         
NO 

Are you claustrophobic? (Afraid of being in a tight or narrow space 
or enclosure?) 

  

 
Do you have a cardiac pacemaker?   

  

 
Do you have a cerebral aneurysm clip (a clip on a blood 
vessel in your brain)? 

  

 
Have you ever worked with, or been hit in the eye with a 
piece of metal?  
 

If yes to above – Is there any chance that a metal fragment 
may still be in your eye?  

  

  

 
Are you pregnant, possibly pregnant, or breast-feeding? 

  

Do you have head tremors that cannot be controlled while 
lying down?  
 

  

 
Please list all major operations you have had with approximate dates: 
(Ineligible if ppt has had stents inserted within the last 6 weeks.) 
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Do you have any metal objects or devices implanted in your body?  If yes, 
can you please tell me what sort of object (s) or device (s) and the location? 
(Interviewer: List any objects/devices described by the participant and show 
location in diagram below.) 

 
Do you have any of the following items in/on your body? (Ineligible if “yes” to 
any of the following conditions.) 
	
Yes    No    Cardiac valve, wires, or defibrillator                                                    
Yes    No    Electrical stimulator for nerves or bone 
Yes    No    Eye or ear implants 
Yes    No    Bullets, BB’s, or pellets 
Yes    No    Metallic shrapnel or fragments 
Yes    No    Infusion pump 
Yes    No    Coil, filter, or wire in blood vessel 
Yes    No    Orthopedic hardware (plates, screws, pins, rods, wires) 
Yes    No    Surgical clips, staples, mesh or sutures 
Yes    No    Eyelid tattoo 
Yes    No    False teeth, partial plate, retainers, or magnetic braces 
Yes    No    Drug delivery patch (smoking, estrogen, nitroglycerine) 
	
(Contact	Ashley	Morgan	–	armorgan@wfubmc.edu	or	–	716‐0368	‐	with	questions	
about	MRI	eligibility.	Fax	eligible	ppt	screen	forms	to	Ashley	at	716‐0798	upon	
completion.)	
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GENERAL STUDY RELATED QUESTIONS 

 
 
Note: Shaded response boxes indicate exclusionary items. 

 
YES 

         
NO     

 
Are you currently involved in any other research studies? 
Explain: (Screener, use your judgment based on EBB exclusion 
criteria.) 
 

  

 
Do you have any plans to be out of town in the next 2-3 
months? 
Explain: 
 

  

Do you have any plans to move out of the retirement 
community within in the next 6 months? 
Explain: 
 

  

Would you be able to attend up to four separate 60 minute 
testing visits at the WFUHS medical center over the next 2-3 
months?  
 

  

 
Would you be able to attend up to 30 minutes of a physical 
activity program daily, between 8:00 am – 4:00 pm) over the 
next 2-3 months?  
                                                                                                           

  

 
Would you be willing to complete a written agreement giving 
us permission to let you participate in this study?  
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If interviewee qualifies: 
 
You have met the preliminary qualifications for this study. I am going to mail you 
some information about your first visit along with a map to the WFUHS MRI 
center. Set screening visit appointment. Allow 60 minutes. 
 
SV Time/Date: ______________________________________ 
 
If interviewee does not qualify:  
 
I am sorry, but you do not qualify for this study. Thank you very much for your 
time and interest in this study. May we keep your name on file and contact you in 
the future for other research projects?   Yes_____ No ____ 
	
 
	

END 
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WAKE FOREST UNIVERSITY SCHOOL OF MEDICINE AND 

WAKE FOREST UNIVERSITY DEPT. OF HEALTH AND EXERCISE SCIENCE 
WINSTON-SALEM, NC 

 

INFORMED CONSENT 
 

Brain Boot Camp: Multi-sensory Training to Enhance Brain Health and 
Functional Abilities in Aging Intervention 

(BBC) 
 

Anthony Marsh, Ph.D., Principal Investigator, Wake Forest University 
Jack Rejeski, PhD, Co-investigator, Wake Forest University 

Dale Dagenbach, PhD, Co-investigator, Wake Forest University 
Janine Jennings, PhD, Co-investigator, Wake Forest University 

Jonathan Burdette, MD, Co-investigator Wake Forest University Health Sciences 
Paul Laurienti, MD, PhD, Co-investigator, Wake Forest University Health Sciences 

 
 

INTRODUCTION 
You are invited to be in a research study. Research studies are designed to gain scientific 
knowledge that may help other people in the future. You are being asked to take part in this 
study because you are aged 65 or older, exhibit lower extremity weakness, and have shown a 
willingness to participate in testing and research. Your participation is voluntary. Please take 
your time to make your decision and ask the study staff to explain any words or information that 
you do not understand. You may also discuss the study with your friends and family. 
 
WHY IS THIS STUDY BEING DONE? 
The purpose of this research study is to compare how two new, 6-week movement only or 
movement plus decision-making training programs improve brain and lower extremity function 
in older adults.  
 
HOW MANY PEOPLE WILL TAKE PART IN THE STUDY? 
40 older adults will be participating in this study. 
 
WHAT IS INVOLVED IN THE STUDY? 
 
Testing Session 1: Two Visits 
There will be two parts to this first visit that will take place at the retirement community where 
you live and Wake Forest University Health Sciences (WFUHS) located at the North Carolina 
Baptist Medical Center.  
 
Visit One For this first visit at the retirement community, you will meet with study staff for 
consenting followed by a screening of your blood pressure, height, weight, medical history, 
vision, and medications to ensure that you are eligible for the study. After that you will be asked 
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some questions to determine your ability to safely participate in the imaging part of the study. 
Finally, you will complete some additional leg strength, walking and thinking, decision-making 
and memory tests. This screening visit will last about 90 minutes. If you qualify for the study 
you will be scheduled for your first imaging visit. 
 
Visit Two This visit will be completed within 3 weeks before starting the exercise program. For 
this visit, you will report to the 1st Floor, WFUHS MRI building. All that you will do is lie 
quietly in the scanner while we image the activity of your resting brain. The researcher may 
decide to take you out of the study is you experience claustrophobic effects (become too anxious 
due to the tight space) from the scanner or move excessively which prohibits adequate image 
collection. You may be asked to return for a second session to finish the study in you were 
unable to complete the MRI during the first session, but you are not required to attend the second 
session and you may refuse to participate at any time. 
 
 
Testing Session 2: Two Visits 
The second two visits will take place within approximately six to nine weeks after Testing 
Session 1. You will undergo the same procedures at these visits except for the consenting, 
physical screening, and some of the forms. Visit One of this session will last approximately 1 
hour, and Visit Two, 1 hour. 
 
Exercise Intervention Program 
Following successful completion of Visit 1, you will be randomized into one of two study 
intervention groups; one that focuses on Movement Training (MT), or another that focuses on 
Movement and Cognitive (decision-making) Training (MCT). Randomization means that you are 
put into a group by chance. It is like flipping a coin. You will have equal chance of being placed 
in either group. If you are randomized into the 6-week MT group, you will attend 5 to 30-minute 
sessions, 5 times a week at the retirement community wellness center. The length of each session 
will depend on your particular physical ability on the day of the session. If you are randomized 
into the MCT group you will also complete five, 5 to 30-minute sessions per week, the length of 
which will depend on your particular ability on the day of the session. All sessions will be done 
at the retirement community wellness center. The goal will be to have all participants in each 
group complete a total of 30 training sessions over a six-week period. In the event of a missed 
session, a make-up session will be scheduled. Participants will be supervised at all times by an 
interventionist with an American College of Sports Medicine (ACSM) Exercise Specialist 
certification. 
 
Participants in the MT group will follow a gradual progression of movement tasks using a new 
video software program in the form of a movement game. In this game, the user moves around to 
avoid obstacles as the obstacles move down a hallway shown on the TV screen. A camera tracks 
the participant’s movements and these movements in the hallway are shown on the TV screen. 
The game is designed to gradually increase in difficulty based on how the participant is 
performing at that particular session. How fast this game operates for anyone can also be 
controlled if the participant does not feel ready to move on to the next level. 
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Participants in the MCT group will play a very similar movement game but a decision-making 
task is added to each game. At first, these tasks will be fairly easy, but will become more 
challenging as the game progresses with the addition of more decision-making tasks. As with the 
MT group, all sessions will be done at the retirement community wellness center with the same 
goal of each participant completing a total of 30 training sessions per week over a six-week 
period. In the event of a missed session, a make-up session will be scheduled. The participants 
will be supervised at all times by an interventionist with ACSM Exercise Specialist certification. 
 

HOW LONG WILL I BE IN THE STUDY? 
If you agree to be in this study it will take about 9 to 12 weeks to complete. 
 
You can stop participating at any time. If you decide to stop participating in the study we would 
like you to talk to the investigators or study staff first to learn about any possible health or safety 
issues.  
 
WHAT ARE THE RISKS OF THE STUDY? 
Being in this study involves some risk to you. You should discuss the risk of being in this study 
with the study staff. Risks and side effects related to this study include: 
 
Physical Activity Testing and Program: All participants in this study will be required to obtain 
physician approval prior to completing any physical activity component of this study. There is 
minimal risk in performing the physical function tests for this study, but all precautions will be 
taken to minimize risks. You will be permitted to avoid any assessment that makes you feel 
uncomfortable or uncertain that you can complete. The physical function tests include a slight 
risk of tripping or falling; however, you will be introduced to the physical activity environments 
prior to exercise and the physical activity will be closely supervised by an ACSM-certified staff 
member. To minimize the risk of falling, you will complete the intervention tasks in a self-paced 
manner and will not be allowed to progress in difficulty until you have mastered the previous 
level. Furthermore, during testing and training, your heart rate and blood pressure will be 
monitored. Mild muscular soreness is typical in older adults starting a physical activity program. 
To minimize soreness you will be led through a general warm-up prior to testing and training and 
stretching exercises will be done following the exercise programming. 
 
Imaging: The Magnetic resonance (MR) imaging of the brain does not use X-rays or other type 
of radiation. MR scanners have been in clinical use for about 20 years. During that time, no 
significant biologic side effects have been found with the use of standard clinical magnets. 
Because strong magnetic fields are used for scanning, you will not be allowed to participate if 
you have implanted devices or objects known to be adversely affected by a strong magnetic field 
such as metal foreign bodies inside the head or eyes, metal prosthetic devices, pacemakers, 
neuro-stimulators, and/or aneurysm clips. 
 
Less than 1 in 10 study participants have claustrophobia, or become uncomfortable in small or 
enclosed spaces. To help with that, the study staff will talk to you over an intercom while you are 
in the scanner. You will also be given a bulb to hold in your hand and squeeze if you want to let 
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the study staff know that you are uncomfortable or would like to stop the scan. If you choose to 
withdraw from the study, you will be removed from the scanner immediately. 
 
There also may be other side effects that we cannot predict. You should tell the research staff 
about all the medications, vitamins and supplements you take and any medical conditions you 
have. This may help avoid side effects, interactions and other risks. 
 
Taking part in this research study may involve providing information that you consider 
confidential or private. Efforts, such as coding research records, keeping research records secure 
and allowing only authorized people to have access to research records, will be made to keep 
your information safe. 
 
ARE THERE BENEFITS TO TAKING PART IN THE STUDY? 
If you agree to take part in this study, there may be direct benefit to you. Increasing your lower 
body strength and function may increase your ability to perform activities of daily living such as 
climbing stairs or standing up out of a chair. These abilities may allow you to live independently 
longer. We hope the information learned from this study will benefit other people in the future. 
 
WHAT OTHER CHOICES ARE THERE? 
There are programs, such as the wellness program at your retirement community, which offer a 
variety of exercise classes. 
 
WHAT ABOUT THE USE, DISCLOSURE AND CONFIDENTIALITY OF HEALTH INFORMATION? 
By taking part in this research study, your personal health information, as well as information 
that directly identify you, may be used and disclosed. Information that identifies you includes, 
but is not limited to, such things as your name, address, telephone number, and date of birth. 
Your personal health information includes all information about you which is collected or 
created during the study for research purposes. It also includes your personal health information 
that is related to this study and that is maintained in your medical records at this institution and at 
other places such as other hospitals and clinics where you may have received medical care. 
Examples of your personal health information include your health history, your family health 
history, how you respond to study activities or procedures, other test results, medical images, and 
information from study visits, phone calls, surveys, and physical examinations. 
 
Your personal health information and information that identifies you (“your health information”) 
may be given to others during and after the study. This is for reasons such as to carry out the 
study, to determine the results of the study, to make sure the study is being done correctly, to 
provide required reports and to get approval for new products. 
 
Some of the people, agencies and businesses that may receive and use your health information 
are the research sponsor; representatives of the sponsor assisting with the research; investigators 
at other sites who are assisting with the research; central laboratories, reading centers or analysis 
centers; the institutional review board; representatives of Wake Forest University Health 
Sciences and North Carolina Baptist Hospital; representatives from government agencies such as 
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the Food and Drug Administration (FDA), the Department of Health and Human Services 
(DHHS) and similar agencies in other countries. 
 

Some of these people, agencies and businesses may further disclose your health information. If 
disclosed by them, your health information may no longer be covered by federal or state privacy 
regulations. Your health information may be disclosed if required by law. Your health 
information may be used to create information that does not directly identify you. This 
information may be used by other researchers. You will not be directly identified in any 
publication or presentation that may result from this study. 
 

If this research study involves the treatment or diagnosis of a medical condition, then 
information collected or created as part of the study may be placed in your medical record and 
discussed with individuals caring for you who are not part of the study. This will help in 
providing you with appropriate medical care. In addition, all or part of your research related 
health information may be used or disclosed for treatment, payment, or healthcare operations 
purposes related to providing you with medical care. 
 

Laboratory test results and other medical reports created as a result of your participation in the 
research study may be entered into the computer systems of Wake Forest University Health 
Sciences and North Carolina Baptist Hospital. These will be kept secure, with access to this 
information limited to individuals with proper authority, but who may not be directly involved 
with this research study. 
 

When you sign this consent and authorization form you authorize or give permission for the use 
of your health information as described in the consent form. This authorization does not have an 
expiration date. You can revoke or take away your authorization to use and disclose your health 
information at any time. You do this by sending a written notice to the investigator in charge of 
the study at the following address: 
 

Dr. Anthony Marsh, Associate Professor of Health & Exercise Science 
Wake Forest University 
P.O. Box 7868 
Winston-Salem, NC 27109 
(Office: 758- 4643, Fax: 758-4680; E-mail: marshap@wfu.edu) 
 

If you withdraw your authorization you will be removed from this study. If you withdraw your 
authorization, no new health information that identifies you will be gathered after that date. Your 
health information that has already been gathered may still be used and disclosed to others. This 
would be done if it were necessary for the research to be reliable. You will not have access to 
your health information that is included in the research study records until the end of the study.  
 
WHAT ARE THE COSTS? 
There are no costs to you for taking part in this study. 
 
Any costs for your regular medical care, which are not related to this study, will be your own 
responsibility. 
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WILL YOU BE PAID FOR PARTICIPATING? 
You will be reimbursed $100 by check for each of two completed magnetic resonance imaging 
(MRI) scans; the first, following the study screening and the second within three weeks of 
completing the intervention program. You will receive $100 for each separate scan, resulting in a 
total of $200 if you complete both neuroimaging components of the study. If you complete only 
one scan, you will receive $100.00. If you do not complete either session then you will not be 
reimbursed. 
 
Reimbursement will occur in one lump sum and take place after the last completed study visit. It 
will take approximately 4-6 weeks to receive the check from Wake Forest University. To receive 
payment, you must provide your social security number, name and address so that we can 
comply with IRS (Internal Revenue Service) reporting requirements. When payments are 
reported to the IRS we do not let them know what the payment is for, only that you have been 
paid. If you do not wish to provide this information you can still take part in this study but you 
will not be paid. 
 
WHO IS SPONSORING THIS STUDY? 
This study is being sponsored by the Department of Health & Exercise Science, the Translational 
Science Center of Wake Forest University and the Department of Radiology of Wake Forest 
University Health Sciences. The researchers do not hold a direct financial interest in the sponsor 
or the product being studied. 
 
WHAT HAPPENS IF YOU EXPERIENCE AN INJURY OR ILLNESS AS A RESULT OF PARTICIPATING IN 

THIS STUDY? 
Should you experience a physical injury or illness as a direct result of your participation in this 
study, Wake Forest University School of Medicine maintains limited research insurance 
coverage for the usual and customary medical fees for reasonable and necessary treatment of 
such injuries or illnesses. To the extent research insurance coverage is available under this policy 
the reasonable costs of these necessary medical services will be paid, up to a maximum of 
$25,000. Wake Forest University Baptist Medical Center holds the insurance policy for this 
coverage. It provides a maximum of $25,000 coverage for each claim and is limited to a total of 
$250,000 for all claims in any one year. The Wake Forest University School of Medicine, and 
the North Carolina Baptist Hospitals, Incorporated do not assume responsibility to pay for these 
medical services or to provide any other compensation for such injury or illness. Additional 
information may be obtained from the Medical Center’s Director of Risk and Insurance 
Management, at (336) 716-3467. 
 
If you are injured, the sponsor may require information such as your name, social security 
number, and date of birth in order to pay for your care. This is because the sponsor is required by 
law to report any payments made to cover the care of any persons who are members of a 
government insurance plan to the Department of Health and Human Services. 
 
You do not give up any legal rights as a research participant by signing this consent form. For 
more information on medical treatment for research related injuries or to report a study related 
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illness, adverse event, or injury you should call Dr. Anthony Marsh at (336) 758-4643, or after 
hours (336) 758-4272. 
 
WHAT ARE MY RIGHTS AS A RESEARCH STUDY PARTICIPANT? 
Taking part in this study is voluntary. You may choose not to take part or you may leave the 
study at any time. Refusing to participate or leaving the study will not result in any penalty or 
loss of benefits to which you are entitled. If you decide to stop participating in the study we 
encourage you to talk to the investigators or study staff first to learn about any potential health or 
safety consequences. The investigators also have the right to stop your participation in the study 
at any time. This could be because you become pregnant during the study period or you are 
unwilling or unable to undergo testing procedures at follow-up visits. You will be given any new 
information we become aware of that would affect your willingness to continue to participate in 
the study. 
 
WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS? 
For questions about the study or in the event of a research-related injury, contact the study 
investigator, Dr. Anthony Marsh at (336) 758-4643. 
 
The Institutional Review Board (IRB) is a group of people who review the research to protect 
your rights. If you have a question about your rights as a research participant, you should contact 
the Chairman of the IRB at (336) 716-4542. 
 
You will be given a signed copy of this consent form. 
 
Signatures 
I agree to take part in this study. I authorize the use and disclosure of my health information as 
described in this consent and authorization form. If I have not already received a copy of the 
Privacy Notice, I may request one or one will be made available to me. I have had a chance to 
ask questions about being in this study and have those questions answered. By signing this 
consent and authorization form, I am not releasing or agreeing to release the investigator, the 
sponsor, the institution or its agents from liability for negligence. 
 
 
___________________________________________________________   ____________________ 
 Subject Name (Printed) Time 
 
___________________________________________________________   ____________________ 
 Subject Signature Date 
 
___________________________________________________________   ____________________ 
 Person Obtaining Consent Date 
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PHYSICIAN CONSENT 

«Date» 
 
Dear Physician: 
 
Your patient, ____________________________/ (DOB: _______________), has 
volunteered to enroll in the Brain Boot Camp: Multi-sensory Training to Enhance Brain 
Health and Functional Abilities in Aging study (BBC). BBC is a lifestyle behavioral 
research study conducted at your patient’s retirement community by researchers from 
Wake Forest University Translational Science Center. As a result, Mr. /Mrs 
________________ may be randomized to a either a 6-week movement training only 
(MT) or a movement plus decision-making training (MT+C) program designed to 
improve brain and lower extremity function in older adults. If randomized into the 6-
week MT group, your patient will very gradually work up to five, customized, 5 to 30-
minute movement sessions per week. If randomized into the 6-week MT+C group, your 
patient will very gradually work up to five, customized, 5 to 30-minute movement + 
decision-making sessions per week. The training for both will take place over a six-week 
period. Participants will be supervised at all times by an interventionist with an American 
College of Sports Medicine (ACSM) Exercise Specialist certification. 
 
As a precautionary measure, I have advised the patient to obtain your written permission 
to proceed with the movement or movement plus cognition exercise program and confirm 
that he/she does not meet any of the study exclusion criteria listed below. 
 

 Psychiatric Illness: bipolar depression or schizophrenia (defined as self-reported 
treatment for these conditions), currently receiving lithium or neuroleptics. 

 

 Severe Symptomatic Heart Disease: evidence of unstable angina, symptomatic 
congestive heart failure, or exercise induced complex ventricular arrhythmias. 

 

 Blood Pressure: a resting blood pressure >160/100 mmHg. 
 

 Severe Systemic Disease: diagnosis of Parkinson’s disease, chronic liver disease 
(cirrhosis, chronic hepatitis, etc.), systemic rheumatic condition (rheumatoid arthritis, 
psoriatic arthritis, Reiter’s disease, systemic lupus erythematosus, etc.), end stage 
renal disease or other systemic diseases or abnormal laboratory values which would 
preclude participants from safely participating in the protocol or impair their ability to 
complete the study 

 

 Cancer: active treatment for cancer other than non-melanotic skin cancer. 
 

 Hearing or Sight Impairments: significant visual or hearing impairment that cannot 
be corrected and results in the inability to use the telephone or hear normal 
conversation. 

 

 Participation in Other Trials: currently participating in or planning to participate in 
another medical intervention study. 
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 Cognitive Impairment: dementia, delirium, or impaired cognitive function. 
 

 Alcohol Intake: consuming more than 21 alcoholic drinks per week or alcoholism. 
 

 Functional Limitations: unable to walk unassisted. 
 

 English Literacy: unable to speak or read English. 
 Judgment of Clinical Center Staff: judged to be unsuitable for the trial for any reason 

by the clinic staff. 
 
Following your evaluation, please indicate below whether or not this individual may 
continue with the physical activity intervention. Then, please sign and date this 
authorization form and fax it to (336)758-4680, Attn: Julie Sorensen.  
 
If you have any questions or concerns about this request, please call Ms. Sorensen at 758-
5398. 
 
Sincerely, 
 

 
 
Anthony Marsh, Ph.D., Primary Investigator, Brain Boot Camp: Multi-sensory Training 
to Enhance Brain Health, Department of Health and Exercise Science, Wake Forest 
University  
 
 
Physician Approval and Recommendations 
 
I approve this patient’s participation in the Brain Boot Camp: Multi-sensory Training to 
Enhance Brain Health program, 
      
  Without restrictions 
 

  With the following recommendations/restrictions: 
________________________________________________________________________ 
________________________________________________________________________ 
________________________________________________________________________       
     
   I do not approve return to the Brain Boot Camp: Multi-sensory Training to Enhance 
Brain Health and Functional Abilities in Aging program at this time.  
 
________________________________________   ________________ 
Physician Signature        Date 
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