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Abstract 

The purpose of VESPA was to determine the feasibility and acceptability of virtual 

reality (VR) as a medium for remote group-mediated behavioral intervention delivery among 

older adults, and to explore the effect of a VR-delivered versus video-conference (VC)-

delivered remote activity intervention on physical activity (PA) levels and social connection. 

Methods: We randomized 9 low-active older adults (66.8±4.8 years) to a 4-week home-

based, group-mediated PA intervention delivered via either VR or VC. Analysis: Feasibility 

(i.e., number of participants reporting high levels of nausea, total sessions attended, 

adherence to behavioral prescription, number of VR accesses outside of scheduled meeting 

times) and acceptability (i.e., participant feedback on technological tools and program 

design) were illustrated via descriptive statistics. ANCOVA models were used to explore 

group differences in self-efficacy, social connection, and physical activity following the 

program. Results: All participants experienced low levels of VR related sickness and the 

ANCOVA models that revealed all participants improved in PA, functional performance, and 

the VR group had better social cognitive outcomes compared to the VC group.  Discussion: 

VESPA suggests VR may be a useful medium for social physical activity programming in older 

adults and further work leveraging large samples and long follow-up durations is needed. 

 



1  

Introduction 

 Governments throughout the world recognize physical inactivity as a major health 

issue. The World Health Organization (WHO) reported that around 3.2 million deaths each 

year are related to physical inactivity (1).  Four of the five leading risk factors for death could 

be combated by increasing physical activity; these risk factors for death include obesity, high 

blood pressure, high blood glucose, smoking and physical inactivity (1, 2). Many of these 

disease states are also associated with the aging process. According to the Office of Disease 

and Health promotion, 60% of adults ages 65 and older have 2 or more chronic health issues 

(3). Unfortunately, the older population are the least active segment of the population, 

exacerbating the impact of these conditions on quality of life and longevity (4). Naturally, 

increasing physical activity among older adults is a key public health goal. Behavioral 

scientists have spent decades developing effective intervention strategies and delivery to 

enhance the uptake and maintenance of physical activity. The next frontier lies in 

interventions that are scalable, have broad reach, and harness the characteristics of previous 

interventions that have proven to be effective.  

Promoting Physical Activity 

 Promoting physical activity is a challenging endeavor, especially in older adults (5). 

The WHO defines physical activity as “any bodily movement produced by skeletal muscles 

that requires energy expenditure”. The WHO identifies physical inactivity—or the tendency 

to engage in very little amounts of physical activity—as the fourth leading risk factor for 

global mortality (6). The current United States physical activity guidelines recommend 

achieving an equivalent of 150 to 300 minutes of moderate physical activity or 75 to 150 

minutes of vigorous physical activity per week, plus two days of strength training (7). Arem 

and colleagues found that compared to those with no leisure time physical activity, 
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individuals that met the aforementioned physical activity guidelines had a 20% decrease in 

mortality risk and those that participated in 1-2 times the physical activity guidelines had a 

31% decrease in overall mortality risk (8). Similarly, Ekelund and colleagues separated 

individuals into quartiles of MVPA. Those in the second quartile (i.e., the second-lowest levels 

of moderate-to-vigorous intensity physical activity [MVPA]) had a 37% reduction in risk for 

all-cause mortality relative to those in the lowest quartile, highlighting the value of even small 

improvements in the behavior (9). Unfortunately, most older adults are not sufficiently 

active: Keadle and colleagues observed that only 27% of all adults ages 65 and above meet 

the physical activity guidelines (10).  

Helping older adults engage in physical activity has proven to be an especially difficult 

endeavor due to behavioral barriers that are unique to this population, which could include 

physical limitations due to health conditions, lack of professional guidance, and insufficient 

information regarding safe participation in various modes of physical activity (11). To 

increase the rate of physical activity across the lifespan, researchers and clinicians have 

launched the “Movement as Medicine” and “Exercise is Medicine” initiatives. These were 

created to assist healthcare providers in promoting physical activity in the general public and 

to assist these individuals in prescribing a specific frequency, duration, and intensity of 

exercise (12, 13). These physical activity promoting initiatives are well-supported by the 

scientific literature. To date, much of activity promotion literature has focused on structured 

exercise. Villareal and colleagues found that older adults that were prescribed structured 

aerobic exercise could walk for longer distances and at a higher intensity (14). Villareal also 

observed improvements in overall physical function in those who had engaged in the 

prescribed aerobic exercise. Overall, the authors observed quantitative improvements in 

physical function and qualitative improvements in the engagement of activities of daily living. 

While the benefits of engaging in physical activity are widely known and quite potent, 
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promoting the maintenance of a physical activity regimen has been proven to be difficult in 

the past. Advances in behavioral sciences have produced a wide array of physical activity 

programs specifically designed for older adults that are effective in the short term, but long-

term behavioral relapse is very common following program cessation, leading to weight re-

gain and reversion to a sedentary lifestyle (15, 16). Researchers are pressed to create scalable 

interventions that equip participants to continue an active lifestyle after intervention support 

is removed.  

Promoting Structured Exercise 

 A subset of physical activity is exercise. Exercise is any activity that is planned, 

structured and repetitive and has the goal of either improvement or maintenance of physical 

fitness (17). Traditionally, exercise has been the focus of physical activity interventions as it 

as an efficient way to achieve a health-enhancing volume of the behavior and provides a 

useful framework for prescribing a specific dose of activity (i.e., a specific frequency, 

intensity, type, and time of activity). Villareal’s findings are echoed in the astounding body of 

research on exercise in older adults: that it is safe, generally tolerable, and can lead to 

improvements in strength, endurance, and function (18, 19). In the American College of 

Sports Medicine position statement, Chodzko-Zajko stated that exercise, specifically aerobic 

exercise, decreases overall lipid profile, heart rate and blood pressure while increasing bone-

mineral density, relative muscle mass and oxygen transport; all of which are related to a 

reduction in overall risk factors for chronic diseases (20).  

 Exercise interventions have proven to be very successful in decreasing mortality and 

improving quality of life (21–23). While participation in sufficient physical activity has many 

known benefits, maintenance of a structured exercise regimen tends to be difficult in older 

adults. Structured exercise interventions are costly in terms of both financial and personal 
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resources. Physical activity promotion staff would need to provide long-term contact with 

participants to sustain the social support that is vital to behavior change (24–26). Many 

programs are designed to be delivered in a central location under supervision, which 

necessitates providing a facility in which the participant exercises. Naturally, those with 

limited transport or who live in rural locations are less likely to have access to such facilities. 

Moreover, many find the intense and structured nature of exercise to be aversive, and older 

adults with limited function may find themselves unable to meet the demands of the behavior 

(5, 27). Implementing an exercise regimen in older adults also is a uniquely challenging 

endeavor because they have barriers that are not as present in a younger demographic 

including decreased mobility, fatigue, and age-related cognitive decline (19, 28). Recognizing 

the complexity of promoting exercise in older adults, most behavioral scientists have shifted 

towards an evidence-based theoretical approach for program development, with Social 

Cognitive Theory and Self-Determination Theory being two of the most widely used 

behavioral theories (29).  

Social Cognitive Theory 

 Due to the complexity of physical activity promotion, intervention designers have settled 

on several effective psychological theories that can guide the process of tailoring the 

intervention content to the unique physical and psychological needs of the individual. Social 

Cognitive Theory (SCT, Figure 1) is a leading theory that has been implemented in successful 

physical activity behavior change programs in the past (30–34). Its nuanced view of the 

behavior change process considers the interactions between psychological, physiological, 

and environmental influences on behavior. SCT is centered around self-efficacy, a construct 

that describes an individual’s perception of whether or not they are able to successfully 

execute a plan of action. Other key influences on behavior include self-regulation, outcome 

expectancies, perceived barriers and facilitators, and goal-setting (24). These constructs, 



 5

along with a more in-depth view of the construct of self-efficacy, will be outlined in the next 

sections.  

 

Figure 2. A model describing Social Cognitive Theory, adapted from Bandura, 2004 

 

Self-Efficacy 

 Self-efficacy plays a central role in SCT. This belief is centered around the idea that 

the individual undergoing the health behavior change is capable of successfully enacting this 

change, and if they do not have this belief, they have little incentive for the continuation of 

this behavior shift in the face of challenges (24, 25). The goal for those working with 

individuals attempting to modify their behavior should be improving self-efficacy because an 

individual that has higher self-efficacy will aspire to higher goals and be more consistent with 

their actions to achieve these goals (24, 25). Bandura outlined the four primary sources of 

self-efficacy: mastery experiences, modeling, verbal communication from self and others, and 

the interpretation of both the physiological as well as the psychological effects of the 

behavior. Self-efficacy directly and indirectly influences both the physical and social aspects 

of behavioral motivation during both adoption and maintenance phases (24, 25).  McAuley 

and colleagues found that after a 6-month physical activity intervention, initially sedentary 

individuals were most likely to continue at both year 2 and year 5 post study if they had a 
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higher self-efficacy (35). This highlights the importance of a strong belief that a behavior 

change is possible. McAuley also noted that older women who were more physically active 

and had stronger belief of their physical abilities performed better on physical function 

tests and displayed fewer restrictions in their lower body (36). Furthermore, in a 2011 

meta-analysis conducted by Williams and colleagues, the research team found a positive 

association between interventions that used tactics to improve self-efficacy and physical 

activity. This finding is important, as self-efficacy has emerged as the most predictive 

construct for future physical activity participation, and has been adopted in most other 

behavioral theories  (37, 38) 

Influences on Self-Efficacy: Mastery Experiences 

In SCT, mastery and self-efficacy have a reciprocal relationship (24). Efficacious 

individuals generally engage in activities in high rates and will also notice when 

improvements are made and when milestones are reached. Mastery experiences refer to any 

successful experience, whether it is a large or small success; this can be as a result of 

successfully enacting a planned goal, overcoming a barrier to achieve the desired behavior, 

reflection on an achieved behavior, intuitively performing an action that was once difficult, 

or even achieving a noticeable small improvement in performance (24). Experiencing 

mastery is a fundamental human motivator and is the most potent input to efficacy. More 

mastery experiences enhance the likelihood a health behavior intervention will elicit 

improved self-efficacy and lasting behavior change (24). The reciprocal nature of mastery 

and self-efficacy was noted by Scholz and colleagues. Here, they studied the effect that 

mastery and non-mastery events had on the self-efficacy of 122 cardiac rehabilitation 

patients. They found that after discharge, those participants who had the most mastery 

events in the context of physical activity had higher self-efficacy, and in turn, had more 
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physical activity (39). Moreover, mastery played a key role two of McAuley’s successful SCT-

based physical activity interventions. McAuley first studied the effect that a walking 

intervention had on 114 initially low-active adults aged 45-64. The researchers targeted 

mastery experiences in several ways. First, the participants kept exercise logs that monitored 

duration of walk, distance walked, exercise heart rates, and rating of perceived exertion. The 

participants also had monthly timed walks where they were instructed to give no extra effort 

than they normally had previously. Both tactics provided very specific feedback on progress, 

highlighting successful experiences for the participant (40). Later, McAuley and colleagues 

delivered a DVD-based intervention that targeted inactive adults older than 65. This 

intervention integrated mastery experiences in several ways. The 6-DVD program itself had 

mastery experiences embedded in it by mentioning and modeling variations that were more 

difficult than the “base” exercise, allowing for progression within sessions, as well as 

progressively increasing exercise difficulty over 6 months. Again, participants received 

regular feedback on their progress over time. This sense of gradual progression is key to 

instilling a robust sense of mastery and self-efficacy (32). 

Influences on Self-Efficacy: Modeling 

People do not solely rely on personal experiences as a source for self-efficacy. Efficacy 

appraisals can often times come through watching others model the activity, thus 

experiencing the activity vicariously (25). Bandura argues that seeing people that are like 

oneself perform an activity successfully can increase self-efficacy to perform that activity. The 

individual may intuitively persuade themselves that if the model can perform a task, they too 

are capable of success. McAuley and colleagues recruited 39 female undergraduate students 

to perform a seemingly difficult task on a balance beam and recorded their self-efficacy and 

anxiety prior to the performance of the task (41). The participants were divided into one of 

three groups: aided participant modeling (i.e., physical assistance during trials), unaided 
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participant modeling (i.e., no physical assistance during trials), and control (i.e., short video 

detailing the techniques for another gymnastics event). Here, they found that the participants 

that had the task modeled reported significantly higher self-efficacy and reduced anxiety for 

their performance compared to the control group. The model proved to be an effective tool 

in both showing as well as explaining the correct technique for this performance. 

Modeling can also be used for when an individual is uncertain of their own personal 

capabilities or is unsure of what to expect in an experience. Parent and colleagues observed 

56 male patients who had recently received cardiac surgery. They examined the effects of 

modeling in the form of active men that had a similar surgery (42). Here, the men who were 

already active in recovery visited the men who were undergoing the surgery both before and 

after the cardiac surgery was performed. The authors found that the experimental group had 

significantly reduced anxiety prior to, and after the surgery, while also having significantly 

more activity after the surgery both at 5 days and the subsequent 4 weeks. Because the 

patients had yet to experience cardiac surgery, the models yielded beneficial effects on both 

anxiety and physical activity post-surgery.   

 Many of the past social cognitive interventions have been successful in designing to 

the modeling construct. For example, McAuley and colleagues’ DVD-based FlexToBa program 

described earlier included older adults within each video (43). These older adults modeled 

each exercise as well as modifications that allowed participants to engage in both easier and 

more difficult version of each exercise. This benefit was two-fold. First, the individuals could 

see an individual that looks similar to them in terms of age and ability. The participants could 

also see that the exercises were possible to do. As physical activity interventions move to 

more home-based settings and technology improves, researchers should utilize novel 

methods of modeling that incorporate newer technology to improve intervention quality, and 

possibly improve long-term maintenance of physical activity.  
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Influences on Self-Efficacy: Verbal Persuasion 

 A great deal of attention has gone into the development of effective group structures 

that can promote quality communication among peers and with the group leader. This 

communication is vital when engaging in a social physical activity intervention. In the social 

group, there will inevitably be varying degrees of self-efficacy for physical activity and 

exercise. A beneficial aspect of having effective communication in a group is the effect of 

verbal persuasion, which captures the effect of interindividual communications on self-

efficacy. Severe criticism might hamper self-efficacy while people that are persuaded verbally 

that they possess the capabilities to perform a particular activity are likely to have greater 

self-efficacy and decreases momentary anxiety leading up to the event (44). Moreover, they 

will often give more effort and dwell less on deficiencies after the activity has been completed. 

While Bandura notes that overt mastery experiences have the strongest impact on self-

efficacy, verbal persuasion can act as an indirect mastery or failure experience, thus boosting 

or reducing perceptions of efficacy.  

 The construct of verbal persuasion was tested by Wright and colleagues (45). The 

research team had 96 students, ages ranging from 18-55, perform a kick, a throw, and a golf 

putt, using their non-dominant hand. The researchers implemented both modeling and 

verbal persuasion, in the form of feedback or coaching, studying their effects on both 

performance and self-efficacy. While there was no statistically significant finding in terms of 

motor performance, they found that self-efficacy was statistically improved through verbal 

persuasion.  

  In addition to using verbal persuasion prior to an event, verbal persuasion could be 

used for driving motivation during an activity as well. Andreacci and colleagues tested the 

effects of verbal persuasion during a maximum exercise test (46). In this study, the research 

team verbally encouraged the 18 participants, ranging in ages from 18-22, at different 
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intervals during the maximum oxygen uptake test. Various physiological and psychological 

measurements such as VO2 max, respiratory exchange ratio, blood lactate levels, and rating 

of perceived exertion were the dependent variables. The researchers reported that verbal 

encouragement every 20 or 60 seconds elicited a greater physiological and psychological 

response than verbal encouragement every 180 seconds, resulting in increased duration of 

the graded exercise test. Because during a maximal oxygen uptake test the participants are 

encouraged to exercise as long as possible while the workload is increasing, this improved 

motivation to exercise longer can be attributed to the verbal encouragement that was 

received. In a physical activity intervention setting, carefully considering the timing and the 

dose of the encouragement could help researchers improve the motivation of a participant 

during bouts of activity, especially early in the behavioral adoption phase when participants 

are adjusting to the physical sensations of activity. 

Influences on Self-Efficacy: Interpretation of Physical and Psychological Responses to 

Behavior 

 While self-efficacy for physical activity is generally treated as a stable, if modifiable, 

construct, one’s self-efficacy for physical activity is more likely to fluctuate on a moment-to-

moment basis. People often interpret their physiological activation in stressful or taxing 

environments as indicators of vulnerability and inefficacy. Generally, inward observation of 

physiological states is non-beneficial because it takes attention, which is finite, from the task 

at hand (24, 25). Bandura notes that one might have high self-efficacy for a physical feat, but 

as they begin to focus on their aches, pains, and fatigue, their self-efficacy might quickly drop. 

Bandura also uses a more subtle example of a public speaking—those about to speak who 

interpret their sweating is due to the discomfort of the room will hold higher self-efficacy 

than those who interpret the sweat as impending personal failure (25). While Bandura places 

a great deal of emphasis on the dynamic nature of self-efficacy, this notion rarely appears in 
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SCT-based activity interventions. Still, one might expect that higher levels of fatigue or lower 

levels of energy will impact self-efficacy on a moment-to-moment basis, and in turn, behavior. 

One study, conducted by Kratz and colleagues, observed overall physical activity from 

individuals with multiple sclerosis via wrist-worn accelerometer, along with ecological 

momentary assessments (i.e., 5 assessments per day sent to the participant in their daily life) 

of pain, fatigue, depressed mood, and perceived cognitive function (47). Kratz found that 

there was a bidirectional relationship between high momentary levels of fatigue and 

depressed mood with overall physical activity. Such findings highlight the potent impact of 

transient states of fatigue and depression on activity behaviors.  

Dynamic psychological and physical states can explain a great deal of intraindividual 

shifts in physical activity. A study observing momentary physical activity intentions in 116 

adults revealed that only 16% of participants completed their intended physical activity (48). 

This means that 84% of the time participants had the intention to engage in physical activity, 

they did not. It is hypothesized that the reason for this gap is due to momentary fluctuations 

of self-efficacy and personal affect (i.e., mood and emotion). In another study, information 

was pooled from 5 publications observing a total of 1,322 participants’ ecological moment 

assessment and accelerometer data (49). It was found that greater within-person variability 

in mood was associated with lower levels of moderate to vigorous levels of physical activity, 

while there was no association between average mood and moderate to vigorous intensity 

physical activity. This information is intriguing as it emphasizes the notion that the 

motivation for physical activity is impacted by variables that are subject to change often 

throughout the day. Rapidly changing levels of fatigue and mood are more likely to derail an 

intention for physical activity, likely acting through moment-to-moment changes in self-

efficacy. Schwerdtfeger and colleagues echoed this finding by having 124 student and middle-

aged participants wear accelerometers while completing ecological momentary assessments 
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of affect over a single day (50). Participants completed a custom affect scale capturing both 

positive (e.g., “contentedness,” “happiness”) and negative (e.g., “anxious,” “irritable”) affective 

states hourly during waking hours. The researchers modeled whether positive and negative 

affect predicted physical activity in the subsequent 1, 5, 15, and 30-minute period. Positive 

affect was associated with activity in each window. Interestingly, those individuals reporting 

negative affect showed slight increases in physical activity for the 15- and 30-minute 

windows. This increase of physical activity during negative affect states could be due to 

activities such as pacing back and forth or switching attention to something else that is in the 

individual’s control.  

 In addition to affect and physiological states, situational context can act as a powerful 

dynamic influence on self-efficacy and activity behavior. Social and physical environments 

can play significant roles in one’s self-efficacy by creating facilitators, barriers, or providing 

cues that enhance or diminish one’s self-efficacy for movement. Liao and colleagues studied 

the impact of an individual’s setting on their overall levels of physical activity (51). Ecological 

moment assessments of their physical environment (e.g., greenness, traffic, safety) and social 

context alongside accelerometer data were collected on 114 adults. The majority of the 

responses placed individuals at home and alone. The majority of the time spent was 

sedentary. While not sedentary, female participants showed more physical activity at home, 

specifically either working in the driveway or engaging in activities such as gardening. Male 

participants, however, showed a greater amount of physical activity in places with more 

greenness and vegetation. All participants showed the least amount of physical activity in 

places where a higher concentration of traffic could be found. Those interested in promoting 

physical activity face many barriers that they must overcome to help create an environment 

that enables individuals to have high momentary self-efficacy for physical activity. While 

research is relatively sparse on the optimal methods of guarding against momentary dips in 
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self-efficacy, there are a few promising avenues for future interventions; these include: (1) 

maximizing perceptions of enjoyment, (2) convenient access to physical activity (preferably 

in the home), (3) environmental modifications to help people become more aware of places 

they tend to sit (e.g., at home or work), and (4) meaningful social connection.  

Outcome Expectations 

Prior to performing any activity, one can have various expectancies regarding what 

may occur during or following the activity (25). These expectancies can manifest in three 

distinct categories: physical, social, and self-evaluative outcome expectancies (24). Physical 

outcomes expectancies comprise any beneficial or aversive feelings/outcomes that could 

come from performing an activity (24). The goal for health behavior change interventions 

should be to increase the amount of positive physical outcomes one experiences (e.g., feelings 

of power or post-activity relaxation) while limiting the amount of negative physical outcomes 

(e.g. pain, aversive sensory experiences) (25) one expects to come from the behavior. For 

example, Cramp and colleagues enrolled 26 new mothers in a group-mediated behavioral 

counseling session aimed to increase overall physical activity and improve physical outcome 

expectancies. These mothers were compared to 31 women who did not receive the 

counseling sessions. The counseled group showed improvements in all aspects of physical 

activity and physical outcome expectancies and had significant increases in frequency and 

volume of physical activity compared to the control group (52). This study suggests that a 

social setting where participants can discuss any physical outcomes they expect to come from 

the behavior (e.g., weight loss, increased energy, decreased pain) may be beneficial for 

enhancing activity behavior.  

In addition to physical outcome expectancies, individuals are likely to hold social 

expectancies. Positive social outcome expectancies include interest, approval, or positive 

social recognition, and negative expectancies may include disinterest, disapproval, and social 
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rejection (25). Anderson and colleagues observed aspects of social cognitive theory and 

nutritional behavior in 712 churchgoers, and negative outcome expectations were found to 

impact the total fat, fiber, fruit, and vegetable intake more than positive outcomes (53). 

Anderson notes that there was reason to believe that social support through the family was 

a key determinant on quality of foods. Those with high social support and social outcome 

expectations for improving diet had higher nutrition self-efficacy and effectively changed 

their diet (53). These findings shed light on the effect that negative social outcome 

expectancies and low social support can have on an individual adopting a health behavior 

change and can give insight on how to improve interventions to target these negative 

outcome expectations.  

Finally, an individual can hold positive and negative self-evaluations and can expect 

behaviors to elicit positive or negative effects on these self-evaluations. One may expect that 

the behavior could increase or decrease personal stress, offer a sense of accomplishment or 

failure, or affect their overall psychological state. Using a different cohort of 963 healthy 

internet users, Anderson found that positive self-evaluative outcome expectancies increased 

self-regulation behaviors, which resulted in increased physical activity and improved 

nutritional intake (54). Anderson’s results show that people that have a positive self-

evaluative outcome expectancy will have increased self-regulation and therefore be more 

likely to adopt and maintain a behavior change.   

Self-Regulation 

Alongside self-efficacy, self-regulation is another key construct within SCT. This 

reflects the ability for a person to plan, schedule, and undergo a desired activity (24). Self-

regulation plays a key role in the adoption and maintenance of a consistent physical activity 

regimen. Individuals with a high degree of self-regulatory ability are more likely to be able to 
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inhibit a desired behavior (e.g., relaxing in front of a television) in favor of one that better 

aligns with health-related goals (e.g., going for a bike ride). Indirectly, self-regulation also 

influences self-efficacy for performing the desired health-related behavior, as achieving a 

personal goal is a potent mastery experience (55). Dishman and colleagues found that there 

was a positive dose-relationship between goal-setting, self-efficacy, and physical activity in a 

cohort of 664 office workers (56). Their findings show that if an individual sets progressive 

goals and has high perceptions of self-efficacy, their intention to complete the goals as well 

as commitment to those goals will be increased (56). It is important to note that there are 

many key elements to effective self-regulation. For instance, the type of goal an individual 

sets can affect long-term behavioral adherence. Wilson and Brookfield found in a group of 60 

recreational exercisers, that process goals (e.g., keep heart rate of 140 throughout the 

exercise bout) increased exercise adherence, self-efficacy, and interest/enjoyment when 

compared to outcome goals (e.g., lose 10 lbs. this month) and control (no goal at all) (57, 58). 

Their finding supports the notion that completing a set goal provides a rich mastery 

experience, thus reinforcing the desired behavior (24). This is also supported by a review 

from Williams and colleagues. The authors report that the publications that reported the 

largest effects on physical activity and self-efficacy included targeted, short-term goals (e.g., 

walk for 30 minutes 3 times per week) rather than overall, long-term goals (e.g., walk more 

this month) (57). This information, along with the information from Williams and Brookfield, 

underscores the importance of implementing high-quality goal setting practices (e.g., 

“SMART” goals) to support self-efficacy through mastery experiences.  

Facilitators and Barriers 

During the adoption and maintenance processes of a new health behavior, one must 

evaluate what will help make the behavior change possible—behavioral facilitators—and 

what will impede the behavior change—behavioral barriers. Bandura notes that an 
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individual’s perceptions of facilitators and barriers are more important than the objective 

presence of facilitators and barriers, and that these do not directly impact behavior. Rather 

they affect self-efficacy, and ultimately behavior, indirectly through self-regulation (24, 25).  

A major goal for activity promotion professionals should be to create as many as perceived 

facilitators for the behavior change while limiting the number of perceived barriers. Self-

efficacy should be measured against the gradation of perceived barriers (24). For example, 

self-efficacy to maintain an exercise program should be judged when the individual is faced 

with obstacles. If an individual is posed with these obstacles and does not complete an 

exercise bout, it is unlikely the behavior will be maintained in the long term in the face of 

future barriers (24). Tulloch and colleagues studied the perceived facilitators and barriers of 

aerobic, resistance, and combined aerobic/resistance exercise held by 28 individuals with 

type 2 diabetes mellitus and found that the main facilitators were social/familial support and 

general health benefits while the main barriers to exercise included illness/injury and work 

commitments (59). Similar to the aforementioned Anderson finding, those with high 

social/familial support will have an easier time adopting and maintaining an exercise 

regimen compared to those without this support (53). For individuals in the workforce, 

occupational commitments will frequently be a barrier. As noted in SCT, working with an 

individual to identify other opportunities to achieve activity in their day can assist in setting 

actionable goals, and in turn drive activity behavior. Furthermore, Drigny and colleagues 

facilitated a four-day secondary prevention program for 32 patients with coronary artery 

disease aimed at decreasing psychological barriers to exercise. At the start of the 

intervention, the top barriers were current physical condition, feeling of breathlessness, and 

lack of motivation. Three months after the completion of the secondary prevention program, 

the barriers that demonstrated the most significant decreases were current health condition, 

lack of motivation, and being alone (60). This finding, especially the reduction in the “being 
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alone” category, is of interest because the program could have potentially increased the 

participants’ social outcome expectations, access to modeling, and availability of verbal 

persuasion. Lastly, Shuval and colleagues interviewed a group of 25 low-income residents of 

Dallas, Texas to investigate their shared conceptions of physical activity and their perceived 

facilitators and barriers. Many of the participants knew engagement in physical activity was 

important but cited slightly different facilitators and barriers than the aforementioned 

publications. The main facilitators of physical activity listed were overall health, physician’s 

recommendations, physical activity partners, working with kids, and support from family. 

There were also distinct barriers of note: illness/injury was frequently mentioned, as was 

lack of free parks or exercise facilities. Finally, overall safety of the activity and environment 

was of concern for many (61). This low-socioeconomic population could potentially benefit 

from an at home physical activity program delivered through a video, internet-based 

communication software, phone application, or other modes of delivery that would enhance 

both their safety as well as physical activity (43).  

Evidence for Social Cognitive Theory in Behavioral Interventions 

 Bandura’s SCT has provided researchers with a useful roadmap for the delivery of 

behavioral interventions, and the programs that utilize SCT are generally successful in 

driving behavior change (24, 25). McAuley and colleagues directly targeted the constructs 

within SCT through an in-home DVD-based physical activity intervention promoting physical 

function in older adults (31). The aspects of SCT that were used in this study were (1) 

modeling, or watching relatable people exercise on the DVD to instill a sense of confidence in 

the behavior through vicarious experience; (2) in-session modifications to each exercise to 

allow for progression and mastery; (3) inclusion of ideas for overcoming barriers by older 

adults models; and (4) monthly feedback from activity coaches regarding performance and 

bi-weekly or monthly phone calls to emphasize success and address barriers (31, 32). This is 
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one of the few studies that explicitly addressed all key SCT constructs, with the authors noting 

that such an approach is necessary for promoting uptake of the behavior and ultimately 

positive health benefits (62).  McAuley and Phillips studied the specific relationships between 

physical activity and SCT constructs on 1,527 patients with breast cancer (33). They found 

that self-efficacy had a significant indirect influence on physical activity through goal-setting 

and social outcome expectations/support. The research team also found that those 

individuals that had higher social support and self-evaluative outcome expectations engaged 

in more goal-setting behaviors which in turn increased total physical activity time (33). 

Phillips, using SCT as a theoretical model for an 18-month prospective analysis on 227 

community-dwelling older adults, found that changes in self-efficacy were associated with 

changes in physical activity, goals, disability limitations and physical, social and self-

evaluative expectations (34). Their findings indicate that the middle aged and older adults 

had greater self-efficacy for physical activity tended to keep more consistent goals, limited 

physical contraindications to exercise, and had higher physical, social, and self-evaluative 

outcome expectancies. Phillips also noted that those individuals that had higher social 

support tended to engage in more physical activity as well (34). Taken together, these studies 

support the structure of SCT, making it an excellent roadmap for future intervention design 

(24, 25). This notion has also been supported by meta-analytic evidence. Two recent meta-

analyses have been published studying relationships between SCT constructs and health 

behaviors; one studying the effect of SCT on physical activity and/or nutrition behaviors and 

the other observing the impact SCT had on physical activity (63, 64). Stacey and colleagues 

found that there was a significant intervention effect using SCT to guide interventions 

targeting both increasing physical activity as well as improving diet (63). Similarly, Young 

and colleagues found that both self-efficacy and active goal setting were positive influences 

on physical activity change (64). In sum, SCT offers an excellent foundation for crafting an 
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intervention designed to improve self-efficacy, teach self-regulatory skills, and enhance 

uptake of a behavior. It is common to augment SCT with constructs from theories such as Self-

Determination Theory in order to improve the likelihood for long-term change upon 

completion of a structured intervention period. 

Self-Determination Theory 

 Where SCT effectively guides behavior change, Ryan and Deci’s Self Determination 

Theory (SDT) aims to describe the source and quality of motivators for a given health 

behavior (26). The authors place motivators on a continuum of sources that arise either 

externally or internally to the individual. The most predictive form of motivation for physical 

activity is intrinsic motivation, pertaining to activities that are inherently pleasurable and 

valued. These will tend to produce self-determined behavior, or the natural inclination to 

engage in the behavior. Broadly, intrinsically motivated behaviors are the most likely to 

produce lasting change. Aside from behaviors that are enjoyable, all other motivators are 

considered extrinsic, meaning an individual is motivated to participate not because they 

simply enjoy the behavior. Extrinsic motivators that are viewed as generally internal to the 

individual include activities that are valued and that align with the individual’s identity (e.g., 

viewing oneself as a runner or wearing a race t-shirt to advertise that you are a runner to 

others). As motivators become more external to the individual, they are more likely to 

produce short-term change and then behavioral extinction. For instance, ego pursuits (e.g., 

ranking higher on a stepping challenge, looking more attractive) and provisioning rewards 

are external and extrinsic motivators that quickly contribute to behavioral extinction. Those 

that are controlling (e.g., being active to avoid a failing grade in gym class, being active to 

avoid an insurance penalty) are the least likely to lead to meaningful change. This continuum 

of motivations has been assessed in three different publications (65–67). Wilson and 

colleagues verified this information with a cohort of 440 individuals, 220 of which having 
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breast cancer. The authors found when goals were set by the participants, they were far more 

predictive of overall moderate-to-vigorous physical activity than those set in a controlled 

fashion (i.e., goals set by activity coaches). Dacey and colleagues assessed the physical activity 

motivation continuum for 645 older adults with physical activity ranging from inactive, newly 

active, and active (65). Agreeing with SDT, the individuals that reported the most activity 

reported a significantly higher level of intrinsic motivation and self-determined extrinsic 

motivation than those who reported a sedentary lifestyle. Moreover, the individuals that 

reported the most extrinsic motivators, such as appearance and weight management, 

reported the least amount of physical activity. In this study, the participants that enjoyed the 

aspects of physical activity/exercise, whether it is the competence, relatedness, or time to 

listen to music (i.e., something they value), participants had significantly more total physical 

activity than their sedentary counterparts. Geller and colleagues studied the motivators held 

by 721 adults who were all classified in one of four groups: maintainers, improvers, decliners, 

and sedentary (66). The improvers and maintainers were highest in intrinsic motivators and 

self-determined extrinsic motivators, such as enjoyment of music during exercise and 

perceived health. For the decliners and sedentary individuals, the single significant finding 

was that the female participants had an inverse correlation between reported physical 

activity and engagement in physical activity for appearances, an extrinsic motivator. These 

studies show that those individuals that maintain high levels of physical activity have 

intrinsic motivation to perform their desired physical activity. Conversely, the individuals 

that do not maintain their desired health behavior have external reasons for engaging in 

healthy actions, such as improving appearance, increasing their social status, or receiving 

rewards. 

In addition to mapping the quality of different sources of motivation, Deci and Ryan 

also highlight the central pillars of human thriving. These include competence, autonomy, and 
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relatedness. Competence is thought to be gained through social-contextual events; 

experiences such as feedback, rewards and communication regarding the task. Comparing 

this construct to SCT, competence is analogous to mastery experience. Relatedness refers to 

the need to feel belongingness or connected to others. In a health behavior change context, 

people must feel a sense of meaningful connection with others to keep their optimal level of 

health and functioning to perform the desired behavior. For physical activity, if the 

participants feel connected to each other or the interventionist, they will have greater 

motivation to continue the program and adopt the lifestyle change with more ease. This 

information underscores the importance of the social aspect within Bandura’s SCT, and 

highlights the importance of building a social infrastructure within program development 

stage (24). An important if often overlooked consideration in the design of many 

conventional exercise interventions is the social nature of all intervention elements. For 

instance, goal setting is a social tool wherein a participant shares their successes with their 

coach and peers. Walking with peers offers social connection as a motivator, where walking 

by oneself does not. The loss of these connections at the end of a program is often quickly 

followed by the extinction of the exercise behavior. Autonomy refers to the belief that the 

individual is in control of their behaviors and choices (26). This is of great importance in 

aging, as individuals lose control over important activities of daily living. Broadly, activity can 

restore and sustain autonomy and quality of life. From a behavior promotion perspective, 

when considered alongside the importance of intrinsic motivators, this calls to question the 

utility of prescribing a specific type of exercise and underscores the importance of choice and 

the identification of enjoyable modes of movement. Edmunds and colleagues studied the 

main aspects of SDT in 369 exercisers. They found that those who exercise due to perceived 

importance or identity, maintain self-esteem or pride, or had high intrinsic motivation for 

exercise, were all positively associated with vigorous exercise. Moreover, the importance of 
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competence and autonomy were also related with moderate exercise while external 

motivators were negatively correlated with all forms of exercise (68). This is in agreement 

with the aforementioned Geller publication as the exercise “maintainers” expressed the 

highest levels of competency, relatedness, and autonomy, all of which are necessary for 

people to engage in a positive health behavior.  This finding was further echoed by a 2012 

meta-analysis conducted by Teixeira and colleagues. Within the meta-analysis, the authors 

evacuated the relationship between each SDT construct and activity behavior (69). They 

found that personal autonomy had the greatest impact on overall physical activity and 

exercise. These findings imply that if one can perceive their actions in a physical 

activity/exercise intervention to be under their control, they will be more likely to adopt and 

sustain activity behavior. 

The best health promotion strategies, specifically for physical activity, include 

elements that are intrinsically motivating, create rich social connection, and allow individuals 

to feel autonomous. However, most of the available physical activity interventions require 

individuals to travel to a location to engage in structured physical activity and interact with 

their peers. This raises a key question: how can researchers promote physical activity for 

older adults, while many cannot frequently attend a research center? This question has 

caused a shift of focus from the delivery of in-person interventions to potential avenues for 

easier access, in home programming. 

Social-Oriented Physical Activity Interventions 

 The most important design consideration arising from SCT and SDT is the role of 

social connection in driving long term behavior change. Group-mediated interventions are 

designed to maximize social influences on behavior change by pairing an individual with their 

peers and a coach trained in principals of group dynamics. Peers can highlight facilitators, 
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troubleshoot barriers, and provide rich social connection developed through shared 

experience. An added benefit to groups is that they allow for coaching of multiple people at 

once, decreasing costs and staff burden. Rejeski and colleagues tested this group-mediated 

behavior change model against a traditional cardiac rehabilitation program on its effects of 

physical activity, metabolic equivalents as well as self-efficacy for mobility (70). They found 

that the 74 participants in the group-mediated behavior change group statistically out-

performed their 73 peers in the traditional cardiac rehabilitation program in physical 

activity, ventilatory threshold, physical function, bodily pain, and mental health. Here, the 

group-mediated behavior change condition gradually decreased their face-to-face meeting 

time while still giving them the same educational information that the cardiac rehabilitation 

received. Both groups received the same total amount of time with interventionists, with the 

group-mediated behavior change cohort having their time spread over a 9-month period 

instead of the 3-month intensive period that the cardiac rehabilitation group received. 

Rejeski, using social connection created by the group-mediated behavior change model, 

facilitated a longer, less-intensive intervention delivery, successfully showing that long-term 

delivery of a social, physical activity intervention is more effective for overall physical activity 

and self-efficacy for mobility than the traditional cardiac rehabilitation therapy program. 

Outside of the cardiac rehabilitation setting, Brawley tested the effects of a group-mediated 

cognitive behavioral intervention against a standard physical activity program and wait list 

control on overall activity, aerobic power, and health related quality of life (71). During the 

intervention, the group-mediated cognitive behavioral and standard physical activity groups 

received the same amount of physical activity under the supervision of interventionists and 

were both recommended to partake in the same amount of physical activity outside of the 

intervention center. The researchers recommended similar amounts of physical activity to 

each group but strategically created cohesion amongst the group-mediated cognitive 
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behavioral arm. Here, they had group-based activities such as creating a group name, stating 

their goals to each other publicly, conversation about self-monitoring techniques and a 

“buddy” system in which two members were suggested to keep each other motivated and on 

track to meet their personal goals. The results for total physical activity favored the group-

mediated cognitive behavioral group in terms of frequency of physical activity as well as total 

volume of activity after termination of contact with the research staff. For secondary 

outcomes, aerobic power and health related quality of life improved for both groups. From 

the information derived from this publication, Brawley demonstrated that there can be both 

physical and cognitive benefits of meeting in a group with others going through a similar 

behavior change.  

To this point, we have illustrated the importance of group-based interventions based 

in SCT and SDT for driving behavior change in older adults. While this is clearly beneficial for 

those who can physically attend the sessions, these types of interventions require the 

participants to be physically present with each other. There are underserved populations that 

would be unable to come on-location to physically meet with interventionists due to 

geographical location or potentially physically limiting purposes. For this reason, a key next 

step in the evolution of group-mediated interventions lies in the identification of methods 

that can extend the model into the home. 

Virtual Reality 

For decades, technology developers have been attempting to create a system that can 

transport a person to a fully immersive virtual world. Since the early 1990’s, the public has 

had access to systems that can be used to connect the physical and virtual worlds. Virtual 

reality (VR) has been broadly defined as the interaction between the user and a computer or 

mobile device that appears and feels similar to real-world objects and events (72). Generally, 
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these systems were found in arcades and were both large and very costly. Since the advent of 

consumer VR devices and advances in computing technology, the systems have evolved to be 

far smaller and more affordable to the public for at-home use, with modern devices costing 

approximately one-third the MSRP of contemporary smartphone devices (73, 74). While VR 

is still in its infancy, contemporary VR systems are for the first time fully wireless, powerful, 

cost-efficient, and offer access to hundreds of applications facilitating physical activity, but 

also social connection, and relaxation (72, 75). It is important to note that consumer VR is at 

the early stages of accelerated growth, and it can be expected that health programming will 

soon become a fixture in VR application stores (76). Therefore, now is the time to establish 

an evidence-base to provide some guidance to future commercial and research application 

developers.  

 In an effort to understand which aspects of active gaming (i.e., engaging in enjoyable 

gaming experiences that involve physical movement) VR users preferred, Faric and 

colleagues studied 498 commercial reviews of the three VR systems (77). At this early stage, 

common critiques of all active gaming systems included the presence of technical issues and 

bugs. Interestingly, the users reacted positively to the experience of being immersed in the 

game. They reported a high preference for games that were graphically realistic and for 

activities that mimicked lifelike movements. These realistic movements are one feature that 

strongly differentiates virtual environments from traditional active games such as Dance 

Dance Revolution or Wii Fit. Users are free to move around the real-world playing space while 

playing a game of table tennis, or they may duck and weave during a boxing match. These 

familiar movement patterns help the user focus on the activity at hand, instead of focusing on 

moving for the purpose of physical activity. As with many well-crafted games, those that were 

positively reviewed also included multiplayer interaction. This is analogous to the difference 

between treadmill running and running in the context of sport; the latter of which is a 
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secondary feature of an intrinsically pleasing activity. These interactions help create social 

ties that can aid in skill acquisition as well as modeling. Even at this early stage in use of VR, 

it is clear that VR-based activities represent an exciting foundation for delivering a robust and 

varied activity intervention.  

 There are also rehabilitative uses of VR. Karaminas pooled 38 articles that provided 

insight as to how VR can be used to provide upper-limb rehabilitation to patients that were 

post-stroke (72). The researchers found that the use of a VR game improved upper-limb 

function compared to conventional treatment. Moreover, the authors specified that the use 

of VR gaming offers comparable benefits seen in the acute phase of rehabilitation (<6 

months), while also noting that significant improvements can be seen in the longer-term.  

From the studies reviewed, the authors hypothesized that the aspects of VR that were more 

beneficial to the patients included in-program goal setting and mastery experiences. 

 Intriguingly, there have been no studies conducted observing the use of VR as a 

medium for a social physical activity intervention, especially for older, potentially isolated 

individuals. Because VR is designed to be immersive, can allow for social interaction, and 

inherently includes physical movement, VR may be an excellent medium for remote 

intervention delivery, especially for individuals that either physically cannot leave their place 

of living or would prefer a physical activity intervention in the comfort of their home. 

Virtual Presence   

 Human beings are physiologically wired for nuanced social interaction. As described 

by polyvagal theory, the sense of safety provided by social connection downregulates 

sympathetic nervous system activity, which inhibits our ability to manage impulsive and 

often unhealth behaviors. Social connection simultaneously upregulates parasympathetic 

activity, activating executive functioning centers in the brain and facilitating the self-
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regulation needed for lasting behavior change (78). These intricacies come naturally when 

physically present with others but are difficult to obtain via telephone or even modern 

teleconference software due to the flat nature of the 2-dimensional interaction. As one user-

design expert notes, communication via teleconference software is especially poor at 

providing social connection as it constricts us to only audio and visual senses (limiting our 

sense of physical closeness), and removes our ability to understand important social cues 

such as the direction of one’s gaze (79). Fortunately, VR developers have spent immense 

resources in terms of both time and money to enhance the feeling of presence in the virtual 

world in order to drive immersion and use of the technology, and to decrease the feeling of 

“cybersickness” which has been noted to decrease the feeling of presence (80). There are 

many types of presence, whether its physical presence (i.e., the feeling of being somewhere 

when the physical body is elsewhere), social presence (i.e., the feeling of being with others 

when not physically close to one another), and co-presence which could be defined as the 

feeling of being psychologically connected to other individuals when not physically close to 

each other (81). All of these aspects of presence are very important when designing both 

immersive VR and a behavioral intervention using a social cognitive approach. Individuals 

need to feel close to each other, both in a physical sense, but also a cognitive sense. Programs 

such as Second Life, which is a 2-dimensional life simulator, (82) have emerged as popular 

methods for creating these types of experiences. These virtual platforms allow their users to 

communicate and perform activities in a realistic space. Bulu and colleagues studied the 

effects of virtual presence using Second Life on medical students ranging in ages from 20-24 

(81). They found that there was a significant relationship between place presence and co-

presence. When the students felt as though they were in a physical space with each other, 

they felt as though they were more socially available to each other as well. It was also 

reported that the students that felt a higher rating of place presence also reported a higher 
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rating of social presence. This could be because those individuals that felt the virtual world 

was more realistic also felt that they could be more personable and open with the other 

students. This aspect is very important in the design of a virtual world behavioral 

intervention because the aim is to have the participants connect meaningfully with each 

other, given the central role of relatedness in SDT and SCT. Similarly, Behm-Morawitz 

surveyed 279 Second Life users, studying the effect of self-presence on offline health and 

online relationships developed in the virtual world (83). The research team found that the 

individuals that had the highest rating of self-presence, or perceived their avatar to reflect 

their offline bodies, had improved health offline. Much in the same way Bandura describes 

the effect of modeling on motivation, this finding shows that if the participants could “see 

themselves” in a digital avatar, they would be more likely to improve their health offline. They 

also found that higher self-presence in the virtual world also improved their online 

relationships. Individuals that perceived their avatars to reflect themselves felt more 

comfortable when interacting with others in the virtual world, thus creating a more positive 

relationship. Using World of Warcraft (i.e., a computer-based 2-dimensional social and 

gaming application) as another virtual environment, McCreery and colleagues tested the 

relationship between social-spatial interactivity and self-presence in 39 experienced players 

(84). They found that the individuals that had greater rates of socio-spatial interactions (i.e., 

playing with others more frequently) reported greater social presence and had greater 

interactions with others in the virtual world. It was found that there was a positive feedback 

loop with those players that had greater socio-spatial interactions with others and greater 

social presence among others. These findings, along with the other social-presence studies 

discussed, show that there is a significant benefit to the interaction with others in the virtual 

world. However, the virtual worlds discussed herein are 2-dimensional. This is exciting, as 

the potential for true feelings of immersion and presence are heightened in 3-dimensional 
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space. In contemporary VR technologies, the user has the ability to physically move and 

experience tactile feedback. In fact, VR requires the use of the physical body as the controller 

(e.g., to fetch a dropped ball, the user must physically walk to the ball, bend toward the floor, 

and squeeze their hand to grab). As Servotte notes, a sense of physical presence is heightened 

with each additional sense included in the experience (85). Unsurprisingly, maximizing one’s 

sense of presence is the central design consideration for 3-dimensional VR (86). To date, no 

studies have been conducted using contemporary VR technologies to deliver a group-

mediated activity program. It can be hypothesized that having an improved virtual world 

with more realistic interaction with peers will have a greater influence on the social presence 

during a behavioral intervention. 

Recommendations for the use of Virtual Reality in Future Behavior Change 

Studies 

Contemporary VR systems offer a suite of useful intervention delivery tools, including 

libraries of physical activity experiences and social meeting spaces. During a behavioral 

intervention, users should be instructed to explore all physically and socially engaging 

features available to them. Just as in-person activity interventions would strive for variation 

on modes of physical activity (i.e., building an activity repertoire), virtual coaches should 

work with participants to utilize a wide array of active games that they find interesting. This 

will maximize a sense of autonomy, provide a wellspring of novel mastery experiences, avoid 

the development of negative outcome expectancies (e.g., “I am tired of this game and will feel 

bored”), and bolster intrinsic motivation. Even though VR has been utilized by researchers 

for decades, the application of VR in the health promotion domain is still in its beginning 

stages. There are several key aspects of modern VR platforms that make them good 

contenders for remote delivery of robust, theory-driven activity programs. 
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Simplicity of Use 

Recent advances in image processing and small-scale, high speed computing in the 

commercial sector have allowed for the development of deeply immersive VR headsets that 

are for the first time “untethered” (i.e., without the need to be wired to a high-end computer). 

This small change opens many doors to behavioral scientists, allowing for devices to be 

distributed into the home and used without a high degree of comfort with technology. When 

a user receives VR system, all of the necessary components to use the system are included 

(i.e., headset, controllers, and charger). This allows the user to immediately begin using the 

system without requiring any extra purchases. VR systems also come with applications that 

assist in the acquisition of basic skills and can be revisited at any time (87). These 

applications, along with the tutorial for each game, allow the user to familiarize themselves 

with the specifics of the system and the requirements of each activity. 

Physical Activity Repertoire Development 

Traditional digital physical activity experiences – exergaming – often involve a good 

deal of novelty in the beginning stages of use, then the utilization of the exergame fades 

rapidly. In the general public, the use of programs such as Dance Dance Revolution and Wii 

Fit were very popular after their release, but soon decreased in popularity after their novelty 

subsided (88, 89). This is one aspect that the modern VR platform has combatted quite well. 

Once a user purchases a VR headset, they are able to acquire new active games from within 

the headset, and often these games add new content over time. There are also exergames 

specifically designed for the VR platform. An example of this is a cardio-boxing style game 

entitled BoxVR (90); a VR adaptation of popular cardio-boxing classes that includes guided 

boxing movements that coincide with a beat. These activity experiences in combination with 

other forms of activity (e.g., walking outside, cycling) provide a robust platform that 

intervention leaders can use train participants to develop flexible repertoires of physical 
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activity sufficient to achieve health and fitness benefits (7). Importantly, these prescriptions 

can be easily delivered within any home and regardless of climate. We would like to 

emphasize that we would not expect a person to make a lifelong activity behavior change 

using only active VR experiences. An effective VR-delivered activity intervention should 

include active VR experiences alongside other activity opportunities as individuals work to 

develop flexible activity repertoires. 

Social Presence 

 Previous studies have shown that applications such as Second Life and World of 

Warcraft have the ability to improve presence (81, 83). This is promising given the 

rudimentary nature of these programs, which utilize a 2-dimensional computer screen and 

generally rely on instant messaging and voice chat via the computer microphone. A chief 

achievement of contemporary VR is its ability to instill a deep sense of presence. This is tied 

strongly to the use of the body as a controller (i.e., the hands and head are used to navigate 

and view the virtual world just as one would interact with the real world), and this experience 

is deepened with a suite of technologies built into modern headsets. For instance, there is 

generally a built-in microphone to allow for natural speech. The users also have the choice of 

how they would like to engage with each other. There are meeting spaces available in the 

virtual world in which users can engage in activities or simply be in a room with one another 

while verbally and visually communicating. These spaces can be created to have specific users 

join or can be used to engage with unknown users from around the world. Using these spaces, 

program staff can schedule group meetings and activities, or have one-on-one interactions 

with their participants. Importantly, we expect that the physical sensation of immersion 

inherent to VR will allow this experience to more closely match in-person meetings relative 

to telephone or video conference technology. As an added benefit, some users may choose to 
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participate in competitive or cooperative social games within VR, providing yet another social 

outlet.   

Summary 

In light of the multifaceted and complex issue of physical inactivity, there is a clear 

need for theory-based physical activity programming for older adults that is social in nature 

and widely accessible. VR may offer a uniquely well-suited platform for accomplishing this 

goal by offering meeting spaces that create physical and social presence, and applications that 

offer moderate-to-vigorous physical activities. However, as of yet there have been no social 

activity interventions grounded in behavioral theory and delivered via VR.  
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Methods 

Overview and Study Design 

The VESPA (Virtually Engaging Socially with Physical Activity) Pilot Trial is a 

randomized controlled trial assessing the feasibility and acceptability of delivering a remote 

physical activity intervention via modern VR technology. Moreover, this trial is comparing 

the effects of an at-home, social, physical activity program delivered via either contemporary 

VR equipment or video conference (VC) format on social connection, overall physical activity, 

and other exploratory outcomes. We randomized nine low-active adults aged sixty years and 

older to each condition. Both groups received the same physical activity intervention, which 

utilized elements of Social Cognitive and Self-Determination theories with the key difference 

between groups being the method for connecting with the group (Bandura, n.d., 2004; Ryan 

& Deci, 2000). Assessments occurred at baseline, prior to randomization, and following the 

four-week program. We recruited participants from the Winston-Salem, North Carolina area 

who can attend the three in-person visits.  

Eligibility 

Those who were eligible for the program were aged sixty or above, insufficiently 

active (i.e., 30 or more minutes of moderate intensity physical activity on 2 or fewer days per 

week), body mass index of 30-45 kg/m², low fall risk (verified via their primary care 

physician), had a smartphone with a wireless data plan, had available at-home Wi-Fi, willing 

to use a head-mounted VR headset, willing to use a Facebook account to connect to the VR 

headset, willing to wear a Garmin activity tracking watch, had no cardiac events or 

procedures within 3 months of study team contact, had no or controlled hypertension or 

depression, and had no or ongoing treatment for cancer within 3 months of study team 

contact. For additional participant safety, each participant had to have a “Designated Virtual 

Reality Space,” which was a clear and unobstructed seven-foot by seven-foot space in their 
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home where they could do physical activity and an “Activity Buddy” who was an individual 

that could be available to watch for safety during all physically active VR use. All participants 

were screened for cognitive impairment using the validated Modified Telephone Interview 

for Cognitive Status (TICS-M) 21-point questionnaire, and those who received a score less 

than 32 (out of 50) were excluded from the study (91). Lastly, due to the at-home nature of 

this physical activity program, all participants must have received consent from a physician 

prior to participation. For those interested, the screening form provided to the participant’s 

providers is located in appendix A.  

Recruitment Procedures 

Participants were recruited around the Winston-Salem area for ease of 

transportation to the testing facility. Advertisements for the study emphasized the 

opportunity for participants to meet with a behavioral coach, other group members via 

different online media, including VR, and engage in a four-week physical activity program. 

Paper flyers were distributed to local businesses, clinics, and around Wake Forest University. 

Additionally, targeted ad campaigns specifically made for the study population were 

broadcasted via social media websites. All interested and potential participants were 

provided with a full description of the study procedures and were screened via telephone. 

Basic demographic and other acceptability information (e.g., willingness to use Facebook 

account, available virtual reality-space, Activity Buddy, etc.) were collected from all 

interested participants, whether they participate in the study or not. Prior to participation in 

the program, all participants were required to read, understand, and sign a university 

Institutional Review Board (IRB) approved informed consent document.   
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Randomization 

Eligible participants were randomized to either the VR group or the video conference 

group using a web-based randomization tool. All participants were randomized to a group 

during their second visit.   

Intervention 

Following randomization, all participants were instructed to wear the Garmin activity 

tracking watch during all waking hours of the day, initiate any physical activity via the Garmin 

watch, and record their physical activity into their activity diaries for one week. This was 

considered their baseline physical activity collection period.  

Four-Week Physical Activity Program 

Following the completion of the week of physical activity data collection, each 

member underwent a four-week home-based social physical activity intervention. This 

intervention was structured using aspects of Bandura’s Social Cognitive Theory and Ryan and 

Deci’s Self-Determination Theory (24, 92). An informational packet was provided to each 

participant during their second visit, which included information about the benefits of 

physical activity, social connection, and other aspects of physical activity. For those 

interested, a list of session topics and an example page can be found in Appendix B and C 

respectively. Each group met in their assigned meeting modality for a period of 45 minutes 

to one hour each week. These group meetings were designed to facilitate group discussion 

regarding participant physical activity. Group members assisted their peers by providing 

insight into their own physical activity, modifications, strategies for overcoming barriers, 

modeling, and verbal persuasion. The activity coach used the group discussion as a means to 

promote enjoyable physical activity both virtually (VR or web video) and in the real world. 

Each group member also individually met with their activity coach in a tapered schedule. 

These one-on-one meetings were held three times during the first week, two times during 
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weeks two and three, and once during week four. These meetings were designed to facilitate 

any technological troubleshooting required for the participant and discussion regarding 

participant physical activity. Prior to each one-on-one meeting, the activity coach reviewed 

the information received from the Garmin device, including all purposeful physical activity 

bouts. During these meetings, the activity coach reviewed each participant’s activity diary, 

matching bouts on the Garmin device with recorded bouts via the activity diary, inquired 

about previously completed physical activity bouts, provided any necessary feedback on the 

bouts, and offered suggestions for future physical activity. This was the main source for the 

tailoring of the participant’s physical activity program.   

Physical Activity Prescription 

 To achieve the United States physical activity recommendation of 150-300 minutes 

of moderate or 75-150 minutes of vigorous physical activity, each participant was prescribed 

a heart rate range at which they would begin to achieve “intensity minutes”, which is a 

feedback metric provided by the Garmin device (7, 93). These intensity minutes begin to 

accrue once the user has a sustained heart rate at or above a “moderate intensity” for 10 

minutes, or prolonged walking bouts where the user’s steps per minute are significantly 

elevated. The prescribed heart rate range was calculated during the second visit following 

the six-minute walk. This physical function test is widely used and elicited a workload of 

approximately 80% of participant’s maximum heart rate during a previous trial (94). Using 

the final heart rates achieved during the six-minute walk, the study team estimated each 

participant’s maximum heart rate and input those data into the Garmin Connect application 

as the participant’s maximum heart rates. Once entered, the Garmin device creates “Heart 

Rate Zones,” which serve as thresholds for both moderate and vigorous activity by 

delineating percentages of the maximum heart rate (i.e., >70% for moderate intensity and 

>80% for vigorous intensity).  
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 During the one-on-one meetings, the activity coach would review each activity bout 

recorded on the Garmin device and inquire about the perceived exertion and enjoyment 

recorded on the activity diary. Armed with this information, the activity coach would alter 

the participant’s heart rate thresholds based on the heart rate and rating of perceived 

exertion scale (1 = no exertion, 10 = maximal exertion) or suggest ways the participant could 

modify the activity to make it more physically engaging. In the event of a consistent 

discrepancy between heart rate information and perceived exertion (e.g., registered vigorous 

physical activity via the Garmin device but perceived exertion level of five out of 10) the 

activity coach would alter the participant’s Garmin settings to reflect a higher maximum heart 

rate. This was deemed necessary as there is potential for participants to not achieve 80% of 

their maximum heart rate during initial six minute walk test. For those interested, examples 

of data from physical activity bouts recorded by the participant on the Garmin including 

intensity minutes and steps are located in appendix D.   

Virtual Reality Group 

The VR group used the Oculus Quest, which is a head-mounted VR system that offers 

three-dimensional viewing and 360-degree capabilities (95). This system houses various 

meeting applications for users to interact in the virtual world as well as applications that have 

opportunities to engage in moderate-to-vigorous physical activity. To enhance the feeling of 

immersion, participants had the option to create an avatar in the meeting application entitled 

“Spatial” (96). This application allowed users to see the face and bodily movements of those 

in the same “room”. Additionally, participants in the VR group had the ability to choose three 

to four applications from a list of applications created by the study team to offer light-to-

vigorous physical activity options. Participants were encouraged to choose applications that 

they believe they would enjoy and would add to their physical activity repertoire. 
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Participants randomized to this group were suggested to engage in physical activities that 

are in both the real-world and virtual. 

Virtual Reality Safety 

Multiple safety precautions were implemented to ensure participant safety during VR 

use. The Oculus Quest has a built-in safety feature called the “Guardian Boundary.” This 

guardian boundary is set up during the initialization process and whenever the Quest is being 

used outside of the previous guardian boundary. The user has the ability to see their outside 

environment from within the Quest and scan their desired VR space for any impediments that 

may cause trouble. Each time a headset is initialized or moved (e.g., to a new room in the 

house); a guardian boundary must be drawn. The user must draw their desired VR space (i.e., 

users must look down the floor and highlight an area on the floor creating a 360-degree VR 

use area) that will be used on the ground (virtually) as well as set the floor level. These steps 

are crucial for user safety because once the guardian boundary is drawn, the user will be in 

the VR space unless they go outside the guardian boundary. When a user is in the virtual space 

and they approach the guardian boundary, a blue grid will appear, indicating that the user is 

approaching the pre-set VR use boundary. If the participant continues closer to the edge of 

the guardian boundary, the grid will turn red. If any of the three components of the Quest 

(controllers and headset) approach the guardian boundary, a red circle will appear on the 

grid indicating that component of the VR system is approaching the outside perimeter of the 

guardian boundary. Once the headset passes the boundary the externally facing cameras are 

activated so a user can orient to their environment. 

Additional Safety Precautions 

Participants randomized to the VR group were required to have an “Activity Buddy” 

present during all VR related physical activity. A member of study staff met with the 

participant and their Activity Buddy via video conference shortly after randomization to 
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review their role and their desired “Designated Virtual Reality Space”. The purpose of the 

Activity Buddy is twofold; for verbal warnings and, in the event of an injury, calling for help. 

Activity Buddies were instructed to verbally warn the participant if they are approaching the 

edge of their “Designated Virtual Reality Space” and direct them back to the center of the area. 

Additionally, they were also be provided with a protocol to both evaluate the participant and, 

if necessary, call for medical assistance. In the event of an adverse event or serious adverse 

event, participants were instructed to call for medical assistance first and then a member of 

the study team.  

During the Activity Buddy meeting held via video conference, a member of study staff 

reviewed each participant’s proposed “Designated Virtual Reality Space” and provided 

recommendations on how to create a safer VR use environment as needed. The member of 

study staff ensured that the Activity Buddy had working knowledge of where this VR space 

is, so they can provide adequate verbal warnings when the participant approaches the edge.  

Video Conference Group 

The VC group met via Wake Forest University’s secure instance of Zoom (97). This 

application is widely used for video conferencing and offers the ability for both small and 

large groups to meet as well as the formation of “breakout rooms” for private conversation 

during larger group meetings. All meetings were password protected and used the “Waiting 

Room” feature, which requires the meeting host to admit users, ensuring only video 

conference participants were permitted in the meeting. Participants in the VC group received 

the recommendation to use physical activity videos available on the internet and real-world 

physical activities to accomplish their physical activity goals.  
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Adverse Events 

Any major adverse event was reported by the participant or the participant’s Activity 

Buddy to the study staff member immediately after completing any action necessary to 

protect the subject’s health and safety. Minor adverse events were recorded and reported to 

the IRB within seven days of the event, while any serious adverse events were reported to 

the IRB within 24 hours.  

Measures 

All questionnaires plus the physical performance assessment were collected during 

the first two eligibility visits and a maximum of two weeks following the 4-week intervention. 

Measures of physical activity were taken during the week of baseline physical activity data 

collection and during the fourth week of the intervention. Measures of functional 

performance were taken at the Worrell Professional Center on Wake Forest’s Reynolda 

Campus by trained study staff. To avoid social desirability bias, the questionnaires that were 

more sensitive in nature were self-administered by the participants with a member of study 

staff close by to answer any questions. 

Acceptability  

The acceptability of delivering an activity program for older adults using a VR headset 

was assessed via several metrics. The 9-item Virtual Reality Sickness Questionnaire (VRSQ) 

was used to assess any potential VR related discomfort that participants may encounter (99). 

Participants were presented with discomforts that have been noted in the past when using 

VR equipment and were asked to rate their feelings from “None” to “Severe”. All participants 

that indicated a “Severe” feeling were to be counted and then excluded for safety, while others 

that indicated any other response besides “None” were asked if the feeling would be too great 

to continue with the program. Each score was represented with a numeric value (e.g., none=0, 

severe=3) with lower scores indicating less sickness. Participants were also prompted to 
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answer Likert style questions and provide open response feedback pertaining to the program 

design and the technology. The Likert style questions that the participants were prompted to 

answer were as follows: (a) How easy/difficult was it to engage in meaningful dialogue with 

your peers? (b) How connected did you feel to your peers on a personal level? (c) How 

easy/difficult was it to accomplish goals set by you and your behavioral coach? and (d) How 

easy/difficult do you think it was to find options for physical activity that you enjoyed? 

Answers responded on a scale from 0-4 with 0 indicating a response of “Very Difficult” and 4 

indicating a response of “Very Easy”.  As such, overall program scores ranged from 0 – 16, 

with higher scores indicating better response to the program. 

Feasibility 

Feasibility was determined by each participant’s overall adherence to behavioral 

prescription (i.e., achieving at least 150 minutes of moderate-to-vigorous intensity physical 

activity during week 4 as recorded via the Garmin, described below), number of coaching 

sessions attended, and number of VR accesses outside of group sessions (VR group only), plus 

recruitment yield (i.e., number of participants enrolled divided by those interested). 

Adherence to the behavioral prescription was defined as achieving MVPA levels greater than 

150 minutes per week during week 4. 

Social Connection 

Both the Relatedness Satisfaction and Frustration Scales (RSFS) and a modified, 

program specific RSFS were used to test the participant’s overall social connection as well as 

the social connection shared in the groups (98). This is a subscale of a larger scale that 

examines the satisfaction and frustration experienced within the three main pillars of Deci 

and Ryan’s Self-Determination Theory (i.e., autonomy, relatedness, competency) and we 

focused on the relatedness subscales as indicators of social connection. An exemplar 
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relatedness satisfaction item is “I feel that the people I care about also care about me” and an 

example frustration item is “I feel excluded from the group I want to belong to.” Participants 

were presented with a statement and asked to rank their feelings to the statement between 

1 and 5 such that a rating of 1 indicated “not true at all” and 5 indicated “completely true”. 

Each subscale score ranged from 4 – 25. For satisfaction scores, higher values indicated 

greater satisfaction and for frustration scores, high values indicated greater frustration.  

Physical Activity 

Physical activity was be assessed via the Garmin Vivosmart 4 smartwatch (99). This 

activity monitor tracks physical activity via an embedded tri-axial accelerometer paired with 

an optical heart rate sensor. Participants were instructed to wear the activity monitor during 

all waking hours of the day for the duration of the program, and to purposefully record each 

exercise bout on the watch (e.g., by starting a “walk” activity). The device is waterproof, but 

participants were instructed they could remove the watch while engaging in water related 

activities and sleeping if desired, and to charge the watch as needed. Metrics extracted from 

the activity monitor included average daily minutes of MVPA (i.e., time spent at ≥70% of the 

individual’s maximum heart rate), MVPA intensity minutes (i.e., time spent in a sustained 

bout of MVPA), average daily minutes of total physical activity, and average daily steps. Given 

the small sample, and thus the possibility for extreme values to affect the mean, we also 

report median values for each outcome. Each metric was computed for one week prior to the 

start of the intervention and during the fourth week of the program. Additionally, we 

leveraged the weekly minutes of MVPA to determine whether participants achieved their 

activity prescription during the final week of the study. It is notable that in accordance with 

US physical activity guidelines participants were instructed that each minute of vigorous 

activity was equivalent to two minutes of moderate activity. As the Garmin watch quantifies 

total time in MVPA, we were not able to include this weighting in our analyses.  Participants 
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also completed activity diaries, which offer information unattainable by the Garmin 

Vivosmart 4, such as a rating of enjoyment, perceived exertion, and detailed activity notes. 

Perceived enjoyment of an activity was rated on a sliding scale from -5 to 5, with -5 indicating 

the greatest dislike for an activity, and 5 indicating great enjoyment for the activity. Rating of 

perceived exertion was assessed on a scale from 1 to 10, with 1 indicating the lowest level of 

exertion and 10 indicating the highest level of exertion. Participants randomized to the VR 

group were instructed to not use their headset for physical activity until they had worn the 

Garmin device for a minimum of one week.  

Social Cognitive Outcomes 

Self-Efficacy 

Three questionnaires were used to assess various aspects of self-efficacy. These 

questionnaires include the Exercise Self-Efficacy Scale (EXSE), the Lifestyle Self-Efficacy Scale 

(LSE), and the Barriers Self-Efficacy Scale (BARSE). The EXSE is a six-item scale that assesses 

an individual’s confidence on their ability to exercise at a moderate intensity for increments 

30 minutes or greater on five or more days per week for increasing periods of time (e.g., for 

two months) (100). The LSE is a six-item scale that assesses an individual’s confidence on 

their ability to accumulate 30 total minutes of physical activity on five or more days per week 

over increasing periods of time (101). The BARSE is a 15-item scale that assesses one’s 

personal confidence of being able to overcome barriers and exercise on five days per week 

for the next three months under different circumstances that could serve as barriers (102). 

The strength for the individual’s self-efficacy in each domain was calculated by summing the 

confidence ratings in each of the scales and dividing them individually by the total number of 

the items in each scale, thus creating a self-efficacy score out of one hundred. Higher scores 

indicate better self-efficacy. 
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Outcome Expectancies 

The Multidimensional Outcome Expectancy for Exercise Scale (MOEES) was used to 

examine one’s personal beliefs of the benefits they will receive from participating in exercise 

(103). The three different domains of expected outcomes from exercise that were assessed 

are the physical, social, and self-evaluative domains. The scores from the responses of each 

domain were summed for a domain score. Higher ratings indicate higher outcome 

expectancies for exercise.  

Perceived Barriers 

The 21-item Perceived Barriers to Exercise (PBE) was used to assess one’s perceived 

barriers to exercise (104). Participants were asked if they frequently encountered barriers 

impacting their exercise regimen, with a score of 1 indicating “never” and a score of 5 

indicating “very often”. Scores were summed producing a range of 21-105, with higher scores 

indicating greater presence of perceived barriers.  

Goal Setting 

The 10-item Exercise Goal-Setting Questionnaire (EGS) was used to assess each 

participant’s goal-setting habits (105). Participants were presented with various statements 

regarding exercise goal setting and will be asked to rate if each statement describes them, 

with 1 indicating “Does not describe” and 5 indicating “Describes completely”. Scores were 

summed producing final scores between 10 and 50, with higher scores indicating greater use 

of goal-setting strategies.  

Technological Beliefs 

Participants reported the average amount of days per week they utilized basic 

cellular phones, smart phones, tablets, eReaders, laptop computers, desktop computers, and 

stand-alone video games. They were also be asked to about their self-efficacy for using these 



 45

technologies, with values ranging from 1-10, with higher values indicating higher self-

efficacy.  

Physical Function 

The six-minute walk test was used to assess physical function of all participants and 

was administered by trained research staff (106). This test assesses cardiorespiratory and 

lower-limb function by observing how far each participant walks during the test. The study 

team used a fifteen-meter course for this assessment. Following the completion of the test, 

the number of completed laps was multiplied by fifteen and the remainder of final lap was 

added. Maximum heart rate was assessed via the Garmin Vivosmart 4 device (107).  

Analytic Plan 

To address our primary aim of this study, we present descriptive statistics (means ± 

SD for continuous variables, n% for count variables) regarding the acceptability (i.e., VRSQ 

scores, Likert and open responses to the overall program) and feasibility (i.e., adherence to 

behavioral prescription, number of coaching sessions attended, and number of VR accesses 

outside of meeting times) of the VR and VC conditions. We also present descriptive statistics 

(means ± SD) for each focal measure at baseline and follow-up. To explore the effect of VR 

versus VC delivery on physical activity, social connection, physical function, and social 

cognitive variables, a series analyses of covariance (ANCOVAs) compared group scores at 

follow-up controlling for baseline values. Given our small sample size, we focused our 

interpretation on �� effect sizes such that η2>0.01 is considered a small effect, η2>0.06 is 

considered a moderate effect, and a η2>0.14 is considered a large effect (108). The following 

assumptions of ANCOVA were examined: (a) at least one continuous variable, (b) two or more 

groups being compared with independent observations, (c) covariates are measured on the 

continuous level, (d) residuals are approximately normally distributed, (e) homogeneity of 
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variances is present, and (f) baseline scores are linearly related to follow-up scores within 

each. It is of note that there were no violations of the aforementioned ANCOVA assumptions 

during final data analysis.  
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Results 

Participant Characteristics  

Participant characteristics are presented in Table 1. The majority of participants were 

female (66.7%), the mean age for the participants was 66.8±4.8 years, the average body mass 

index (BMI, kg/m2) was 35.59±5.52, the average participant was fairly educated 

(college/university graduate; 33%), and the majority of participants identified as white 

(77.8%), and the other participants identified as belonging to more than one race (22.2%)  

Acceptability 

 The average VRSQ score was 1.56±1.59 out of a possible 27 points, indicating very 

low levels of VR symptoms resulting from headset use. Further, four of the nine participants 

(44%) indicated no feelings of sickness or discomfort during or following VR use. Those who 

were randomized to the VR group and provided activity diary (either paper or electronic) 

information on their VR use reported having an average enjoyment rating of 4.5 out of a scale 

ranging from -5 to 5 during non-meeting VR-use (1 participant did not use VR outside of 

meeting times and 1 participant did not return their diaries). The overall mean score from 

the Likert responses of program evaluation was 12.0 ± 2.92, and the means for the VR and 

VC groups were 12.4 ±3.05 and 11.5 ±3.11 respectively. Informal investigation of open-

ended post-program survey responses suggested participants found VR meetings immersive 

and their VR options to be enjoyable. One participant noted regarding the meeting rooms, 

“Using the Oculus was so helpful. VR is so much better than Zoom meetings. It felt as though 

we were actually face-to-face.” Other participants also noted that their favorite aspect of 

VESPA was, “Oculus. Had never really been into electronics or games. Was lost at first, but  
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Table 1: Baseline Sample Characteristics for The Virtual Reality and Video Conference 
Groups 

Demographics VR VC All Participants 

Gender N (%)    

  Male 2 (40) 1 (25) 3 (33.3) 
  Female 3 (60) 3 (75) 6 (66.7) 
Age Mean (±SD)    

  Male 69.5 (±6.4) 74 (±0) 71.0 (±5.2) 
  Female 65.3 (±4.0) 64.3 (±3.2) 64.8 (±3.31) 
BMI Mean (±��)    

  Male 44.3 (±1.0) 32.3 (0) 40.3 (±7.0) 
  Female 34.2 (±5.3) 33.5 (±1.8) 33.8 (±3.6) 
Race N (%)    

  White 5 (100.0) 2 (50) 7 (77.8) 
  More than one race 0 (0) 2 (50) 2 (22.2) 
Ethnicity N (%)    

  Hispanic or Latino 0 (0) 0 (0) 0 (0) 
  Not Hispanic or Latino 5 (100) 4 (100) 9 (100) 
Education N (%)    

  1-3 Years of College or 2-Year         
    College/Vocational/Technical School 

2 (40) 0 (0) 2 (22.2) 

  College/University Graduate  0 (0) 2 (50) 2 (22.2) 
  Master’s Degree 2 (40) 1 (25) 3 (33.3) 
  PhD or equivalent 1 (20) 1 (25) 2 (22.2) 
Employment N (%)    

  Full time 0 (0) 2 (40) 2 (22.2) 
  Retired- Working Part Time 2 (40) 1 (25) 3 (33.3) 
  Retired- Not Working At All 2 (0) 1 (25) 3 (33.3) 
  Laid off or unemployed 1 (20) 0 (0) 1 (11.1) 
Technology Use (Days/Week)    

  Smartphone 7 (0) 7 (0) 7 (0) 
  Tablet Computer 2.2 (2.9) 2 (3.4) 2.1 (2.9) 
  eReader 5 (5.0) 2 (2.5) 1.6 (2.5) 
  Laptop or Desktop 6.6 (0.6) 6.25 (1.5) 6.4 (1.1) 
  Stand Alone Video Game 1.2 (2.7) 0 (0.0) 0.7 (2.0) 
Technology Self-Efficacy    

  Smartphone 9.0 (±1.4) 9.0 (±1.4) 9.0 (1.3) 
  Tablet Computer 7.6 (±3.4) 8.5 (±1.7) 8.0 (±2.6) 
  eReader 5.0 (±5.0) 8.25 (±2.4) 6.4 (±4.2) 
  Laptop or Desktop 9.6 (±0.9) 8.8 (±2.5) 9.2 (±1.7) 
  Stand Alone Video Game 4.6 (±5.1) 3.0 (±3.6) 3.9 (±4.3) 

Notes: BMI = body mass index;   
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started really enjoying, especially Beat Saber.” While 4 of the 5 (80%) of participants had 

generally positive reviews in regard to the VR technology used, there was one participant 

who mentioned in their open responses, “Oculus [had] excessive visual stimulation [and was] 

overwhelming…I had a near breakdown when first encountering the Oculus display…Not 

everyone can accept or enjoy the intensity and immensity of the visual space affected by 

Oculus on the first encounter.” Of note, this participant improved their level of physical 

activity during the program. 

Feasibility 

 A total of 34 people were contacted to enroll 9 participants for this wave, providing a 

26% recruitment yield. Five out of the 9 participants (55%) met their physical activity 

prescription (i.e., 150+ minutes of MVPA) during week 4. A total of 3 out of 5 in the VR group 

met their activity goal (60%) and 2 out of the 4 VC participants met their PA goals (50%). It 

is notable that only one participant in the intervention engaged in less than 90 minutes of 

MVPA during week 4 and this individual was in the VC group. Likewise, only two individuals 

did not increase weekly minutes of MVPA from baseline to follow-up. Both were in the VC 

group, and both increased their total activity time, suggesting improvements in light-

intensity physical activity. Total meeting attendance for each group was very high, with 

98.3% (59/60) of the VR coaching sessions attended and 95.8% (46/48) of the VC coaching 

sessions attended. Out of the five participants randomized to the VR group, data from only 4 

of the participants regarding VR use outside of meeting times are currently available. The 

mean count of VR sessions engaged in outside of meeting times was 6.75 ±6.70 with a range 

of 0 – 16 uses.  There were no adverse events reported in the study. 
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Table 2: Unadjusted Means (SD) at baseline and week 4 follow-up 

 Virtual Reality Video Conference 
Measure Baseline Follow-up Baseline Follow-up 

Phys Activity     
   Steps 5578.00 (1494.06) 6206.71 (2520.74) 2783.79 (913.11) 5687.25 (3786.27) 
   LPA 93.92 (30.50) 88.65 (29.23) 39.01 (4.82) 75.11 (14.00) 
   MVPA 18.43 (8.39) 26.75 (13.90) 13.98 (11.22) 25.68 (21.38) 
   TPA 112.36 (31.09) 115.40 (27.08) 52.99 (10.70) 100.79 (34.87) 
   MINT 6.98 (8.80) 6.03 (3.38) 1.82 (3.64) 22.25 (10.41) 
   VINT 0.14 (0.32) 3.11 (4.02) 0.00 (0.00) 5.71 (6.92) 
   MSTEPS 5689.10 (1854.21) 6437.80 (238.23) 2683.75 (1082.62) 5590.00 (3928.49) 
   MMVPA 16.81 (6.94) 27.77 (19.62) 13.37 (11.60) 24.37 (22.05) 
   MTPA 113.24 (30.69) 118.44 (33.74) 50.18 (12.06) 100.78 (35.03) 
SDT Outcomes     
   Satisfaction 15.20 (0.84) 16.00 (0.45) 15.25 (1.50) 15.50 (1.00) 
   Frustration 0.20 (0.45) 0.20 (0.45) 2.00 (1.83) 3.00 (2.16) 
   V Satisfaction  13.0 (3.24)  13.25 (3.10) 
   V Frustration  0.40 (0.55)  1.25 (1.26) 
SCT Outcomes     
   EXSE 88.33 (12.80) 80.33 (19.16) 61.25 (23.54) 60.41 (27.50) 
   LSE 96.67 (4.25) 84.58 (10.92) 84.58 (10.91) 76.67 (25.15) 
   BARSE 62.46 (23.95) 68.62 (20.20) 62.31 (27.74) 54.04 (28.96) 
   PBE 29.20 (16.19) 15.60 (9.91) 37.00 (5.35) 24.75 (16.11) 
   SOE 9.20 (3.83) 9.60 (4.51) 9.75 (2.22) 9.00 (0.82) 
   SEOE 22.60 (1.94) 23.80 (0.45) 19.75 (2.36) 20.25 (2.63) 
   PHOE 18.20 (2.17) 19.20 (0.45) 17.50 (2.08) 18.25 (1.71) 
   EGS 19.40 (12.76) 24.20 (10.21) 15.25 (11.56) 22.25 (8.50) 
Phys Function     
   6MW (m) 405.50 (59.39) 477.75 (122.31) 420.38 (90.66) 429.00 (117.36) 

Notes: LPA = Light Physical Activity, MVPA = Moderate-to-Vigorous Physical Activity, MINT= 
Moderate Intensity Minutes, VINT= Vigorous Intensity Minutes, TPA= Average Total Physical 
Activity, MMVPA= Median Moderate-to-Vigorous Physical Activity, MSTEPS= Median Steps, 
MTPA= Median Total Activity, EXSE = Exercise Self-Efficacy, LSE= Physical Activity Self-

Efficacy, BARSE=Barrier Self-Efficacy, PBE= Perceived Barriers, SOE= Social Outcome 

Expectancies, SEOE= Self-Evaluative Outcome Expectancies, PHOE= Physical Outcome 

Expectancies, EGS= Exercise Goal Setting, 6MWD= 6 Minute Walk Distance 
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Table 3: Means (SE) at week 4 follow-up adjusted for baseline values 

Measure VR VC Fa p �� 

Physical Activity      
    Steps 4344.06 8015.57 1.67 0.24 0.22 
    LPA 83.62 81.39 0.01 0.94 <0.00 
    MVPA 25.58 27.14 0.02 0.91 0.03 
    TPA 109.78 107.80 <0.00 0.96 0.00 
    MINT 5.87 22.45 8.49 0.03 0.57 
    VINT 2.33 6.69 1.52 0.26 0.21 
    MSTEPS 4478.80 8038.74 1.79 0.23 0.23 
    MMVPA 8.37 28.92 5.66 0.06 0.49 
    MTPA 113.62 106.80 0.03 0.88 <0.00 
SDT Outcomes      
    Satisfaction 16.01 (0.17) 15.49 (0.19) 4.15 0.09 0.05 
    Frustration -0.26 (0.68) 3.57 (0.80) 10.46 0.02 0.64 
SCT Outcomes      
    EXSE 73.35 (11.4) 69.15 (13.09) 0.05 0.84 0.01 
    LSE 95.49 (10.70) 73.98 (12.32) 1.37 0.29 0.19 
    BARSE 68.57 (8.49) 54.09 (9.49) 1.29 0.29 0.17 
    PBE 16.07 (6.36) 24.17 (7.15) 0.68 0.44 0.10 
    SOE 9.81 (0.98) 8.73 (1.09) 2.54 0.49 0.08 
    SEOE 24.28 (0.84) 19.65 (0.96) 10.80 0.02 0.64 
    PHOE 19.1 (0.52) 18.34 (0.58) 1.02 0.35 0.15 
    EGS 23.04 (2.69) 23.71 (3.02) 0.03 0.88 <0.00 
Physical 
Function 

     

    6MWD 474.69 (39.76) 432.06 (39.76) 0.57 0.48 0.10 
Notes: LPA = Light Physical Activity, MVPA = Moderate-to-Vigorous Physical Activity, MINT= 
Moderate Intensity Minutes, VINT= Vigorous Intensity Minutes, TPA= Average Total Physical 
Activity, MMVPA= Median Moderate-to-Vigorous Physical Activity, MSTEPS= Median Steps, 
MTPA= Median Total Activity, EXSE = Exercise Self-Efficacy, LSE= Physical Activity Self-

Efficacy, BARSE=Barrier Self-Efficacy, PBE= Perceived Barriers, SOE= Social Outcome 

Expectancies, SEOE= Self-Evaluative Outcome Expectancies, PHOE= Physical Outcome 

Expectancies, EGS= Exercise Goal Setting, 6MWD= 6 Minute Walk Distance. aResults from an 
ANCOVA controlling for baseline values with group assignment included as a fixed factor. 
Numerator df = 1, denominator df=6 
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Physical Activity 

 Group means (SD) for all focal outcome variables at baseline and week 4 are 

described in Table 2, and all ANCOVA results including scores at follow-up adjusted for 

baseline are displayed in Table 3.  The ANCOVA revealed a large magnitude difference 

between groups at follow-up in average daily steps (p=0.24 η2=0.22), a large magnitude effect 

of median daily steps (p=0.23 η2=0.23), a small magnitude effect of moderate-to-vigorous 

physical activity (p= 0.91 η2=0.03), a large magnitude effect of moderate intensity minutes 

and vigorous intensity minutes (p = 0.03, η2= 0.57 and p=0.26m η2=0.21 respectively), with 

each of these effects favoring the VC group. No other comparisons had a meaningful effect 

size. 

Social Connection 

 Figure 2 illustrates adjusted group differences in social connection as assessed via the 

Relatedness Satisfaction and Frustration Scales. There was a large and statistically significant 

difference for the relatedness frustration subscale such that those in the VR group maintained 

low frustration while those in the VC group experienced increased frustration over four 

weeks (p = 0.02, η2= 0.64). There was a large magnitude group difference in adjusted week 4 

scores on the relatedness satisfaction subscale (p=.09, η2=.05). Individuals in both groups 

increased relatedness satisfaction in the program and this was exaggerated in the VR 

condition.  
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Figure 2. Change in relatedness subscales over four weeks, adjusted for baseline levels. VR = 
virtual reality, VC = video conferencing. 

Social Cognitive Outcomes 

 Figure 3 depicts baseline-adjusted changes in all social cognitive outcomes. The 

ANCOVA revealed a large magnitude group difference in four of the eight social cognitive 

measures in favor of the VR group. Relative to VC, the VR group showed less decline physical 

activity self-efficacy (p=.29, η2= .19), and improvements in barrier self-efficacy (p=0.29, η2= 

0.17), self-evaluative outcome expectancies (p=0.02, η2= 0.64), and physical outcome 

expectancies (p=0.35, η2= 0.15). Further, medium magnitude effect sizes were observed for 

perceived barriers and social outcome expectancies (p=0.44, η2= 0.10 and p=0.49, η2= 0.08). 

Where both groups perceived fewer barriers at follow-up, this was exaggerated in the VR 

group. The VR condition also improved social outcome expectancies where those in the VC 

group reported poorer expectancies. Lastly, there was a small magnitude difference in 

exercise self-efficacy whereby the VR group demonstrated less reduction in their confidence 

(p=0.84, η2= 0.01). 
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Figure 3. Change in social cognitive outcomes over four weeks, adjusted for baseline levels. 

VR = virtual reality, VC = video conferencing. 

Physical Function 

 There was a moderate-to-large magnitude difference between groups for the distance 

traveled during the six-minute walk test at follow-up (p=.483, η2=0.10; see Figure 4). The VR 

group walked on average 42.63 meters further than the VC group after adjusting for baseline 

values, which approaches a substantial clinically meaningful difference (109). 
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Figure 4. Change in six minute walk distance in meters over four weeks, adjusted for 
baseline levels. VR = virtual reality, VC = video conferencing. 
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Discussion 

The VESPA study is the first research study to determine the feasibility and 

acceptability of VR as a medium for delivery of a theory-based group-mediated physical 

activity intervention. This is a vital initial step for establishing the utility of an emerging 

technology as a tool for behavior change and for establishing an early evidence base that can 

guide the development of effective health programming via VR. It is notable that researchers 

were late to the development of effective smartphone behavior change applications, and as 

such most commercial apps are ineffective and not evidence-based (110). We found the 

headset to be acceptable, with promisingly low feelings of sickness and discomfort. This is 

important as there has been concern over nausea induced by VR, which was common in older 

devices (85, 111). Delivery of a remote group behavioral intervention was also feasible as 

indicated by high attendance rates in both conditions, and a general tendency to improve 

levels of physical activity in each condition. As expected, there was considerable 

heterogeneity in uptake of both VR and the physical activity prescription. For instance, one 

individual who responded well to the prescription disliked the use of the headset. Two 

individuals in the VC condition did not improve their MVPA time but did improve overall 

physical activity time. As remote interventions continue to become more sophisticated, work 

will be needed to better tailor these technology-heavy interventions to a person’s preferences 

and physical capabilities. 

In addition to establishing basic feasibility and acceptability of VR for remote activity 

intervention among older adults, we also investigated the extent to which VR delivery 

affected key social outcomes within self-determination theory (i.e., relatedness) and social 

cognitive theory (i.e., social outcome expectancies). We expected more beneficial effects on 

these measures, given the importance of presence in both the design of VR applications and 

in driving feelings of social connection. As expected, those in the VR condition did not 



 57

experience relatedness frustration (i.e., feelings of exclusion or isolation) and reported 

improvements in satisfaction (i.e., feelings of connectivity and group membership). They also 

reported more positive social outcome expectancies related to physical activity participation. 

Conversely, those in the VC group had elevated frustration, less robust improvements in 

satisfaction, and declines in outcome expectancies. While VESPA is too short in duration to 

determine whether these improvements translate to long-term behavior change as suggested 

by SDT and SCT, we believe these findings are promising. Of note, the VR group also 

demonstrated more favorable changes in all social cognitive outcomes relative to VC, which 

we believe may be driven by enhanced social connectivity and easy access to many activity 

opportunities both within and outside of the device. An astute reader may note that both 

groups decreased physical activity-related self-efficacy during the program. This is not 

uncommon, as individuals entering an activity intervention often have elevated confidence 

that quickly recalibrates upon exposure to the active stimulus (112). In future work, an 

additional measure of self-efficacy within the early phase of the active intervention will help 

to determine whether this is the case within a study like VESPA. 

Finally, it is notable that individuals in both conditions enhanced levels of physical 

activity in response to the VESPA program, supporting the value of a remote theory-based 

social intervention for enhancing physical activity. Relatedly, those in the VR group 

demonstrated greater improvements in six-minute walk distance relative to VC with adjusted 

scores approaching a substantially clinically meaningful magnitude (109). It may be that 

engaging in active VR experiences, which include coordination and reaction time training, 

have a unique impact on older adults’ physical functioning. In a future study with a larger 

sample, we would recommend investigating whether time spent in VR activities correlates 

with change in six-minute walk distance. Additionally, the VC condition performed better 

than the VR condition on steps and median MVPA time, though it is notable that these 
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differences were driven by a single individual in VC who adopted high levels of activity. When 

analyzed without this individual, the effect favors the VR condition, and as such additional 

work leveraging a larger sample is warranted. 

Strengths and Limitations 

The primary strength of the VESPA pilot trial is that it provides guidance for the 

delivery of an evidence-based, social and remote activity intervention using a new but rapidly 

growing technology. VESPA accomplished this using a small, randomized design, with results 

indicating the value of VR as a safe delivery medium above and beyond basic video conference 

technologies. An important limitation to this early work is that it was not powered for 

statistical significance testing. The key next step is to develop a larger randomized trial which 

will have the appropriate statistical power to detect significant differences between groups. 

Furthermore, the small sample size allows space for single values to meaningfully affect the 

analyses. Additionally, VESPA occurred over only 4 weeks. We suspect a longer duration 

would allow participants to become even more familiar with the technology and in turn, more 

willing to explore new active experiences with the headset, potentially further differentiating 

it from other forms of remote interventions. Finally, given the time constraints of this trial, 

participants wore their activity monitor after receiving randomization. Though both groups 

received an exercise intervention, this may have resulted in some bias in activity levels. In 

sum, we believe VESPA urges additional research into the value of VR as an intervention 

delivery tool, and next steps should include a fully powered study with a longer study 

duration to determine whether positive effects on social cognitive outcomes hold and 

whether these translate to long-term behavior change. 
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Conclusion 

 The VESPA study provides first-of-its-kind data suggesting that remote activity 

intervention delivered via either VR and VC technologies are acceptable and feasible in the 

older adult population. VESPA demonstrates that VR may have value as a delivery medium 

that can foster better social connection relative to video calling technologies. An added 

benefit to VR delivery is the ability to engage in physically active virtual experiences, which 

in itself is an activity facilitator that also provides many opportunities for enjoyable physical 

activity that can be done indoors. Our data suggest that together these features also drive 

more favorable changes in social cognitive and self-determinative outcomes that bode well 

for long-term change. As consumer purchasing of VR technologies continues to accelerate, it 

will be vital for research teams to continue this line of research, leveraging large sample sizes 

and long-term research designs to identify how to best support social connection and 

physical activity in older adults (113). 
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Appendix A: Physician Consent Screening List 

• Severe Symptomatic Heart Disease: evidence of unstable angina, symptomatic 

congestive heart failure, or exercise induced complex ventricular arrhythmias.  

• MI or Cardiovascular Procedure within the last 3 months  

• Fall Risk and Recent Falls: Individual is dependent on a cane or walker, has had 

>1 fall (injurious or non-injurious) in the last year, and/or has a physical impairment 

or other condition that places them at high fall risk.  

• 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, including colorblindness  

• Participation in Other Trials: currently participating in or planning to participate 

in another physical activity intervention study.  

• English Literacy: unable to speak or read English  

• Diagnosis of or history of photosensitive epilepsy  

• Current severe or untreated depression  

• Judgment of Clinical Center Staff: judged to be unsuitable for the trial for any 

reason by the clinic staff.  
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Appendix B: VESPA Session Flow 

• Session 1: Freedom in Movement 
o Physical Activity vs. Exercise 
o Social Connection 
o Overcoming Barriers 

• Session 2: Do What You Enjoy 
o The Importance of Enjoyment of Physical Activity 
o The Importance of the VESPA Group Members 
o Promoting Facilitators 

• Session 3: Great Expectations 
o Outcome Expectations for Behavior 
o Review Values 
o Process Goals vs Outcome Goals 

• Onward and Upward 
o Importance of Process Goals 
o Importance of Community 
o Reviewing and Revising VESPA Goals 
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Appendix C: Example Session Workbook Page 
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Appendix D: Garmin Feedback Examples  
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Appendix E: Raw Values at Baseline and Follow up 

 

 

Notes: VR= Virtual Reality, VC= Video Conferencing. 
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Appendix F: Raw values from Baseline to Follow-Up 

 

  

 

 

 

 

 

 

Notes: VR= Virtual Reality, VC= Video Conferencing. 
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