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Abstract

While physical inactivity is a key risk factor for a range of chronic diseases and conditions 

associated with aging, a significant proportion of midlife and older adults remain insufficiently 

active. This is particularly true for ethnic minority populations such as Latino adults for whom few 

culturally adapted programs have been developed and tested. The major objective of this 12-month 

cluster-randomized controlled trial is to test the comparative effectiveness of two linguistically and 

culturally adapted, community-based physical activity interventions with the potential for broad 

reach and translation. Ten local community centers serving a sizable number of Latino residents 

were randomized to receive one of two physical activity interventions. The Virtual Advisor 

program employs a computer-based embodied conversational agent named “Carmen” to deliver 

interactive, individually tailored physical activity advice and support. A similar intervention 

program is delivered by trained Peer Advisors. The target population consists of generally healthy, 

insufficiently active Latino adults ages 50 years and older living within proximity to a designated 

community center. The major outcomes are changes in walking and other forms of physical 

activity measured via self-report and accelerometry. Secondary outcomes include physical 

function and well-being variables. In addition to these outcome analyses, comparative cost 

analysis of the two programs, potential mediators of intervention success, and baseline moderators 

of intervention effects will be explored to better determine which subgroups do best with which 

type of intervention. Here we present the study design and methods, including recruitment 

strategies and yield as well as study baseline characteristics.

Trial Registration: clinicaltrial.gov Identifier = NCT02111213.
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1. Introduction

Physical inactivity is responsible for nearly 10% of major noncommunicable diseases 

(NCDs) worldwide [1]. In the U.S., population-level data suggest that increasing regular 

moderate physical activity could reduce annual medical costs by as much as $76.6 billion 

[2]. While national guidelines for physical activity promotion emphasize the importance of 

appealing and convenient physical activities such as walking [3], a significant proportion of 

Americans (33%) remains inactive [4]. This is particularly true for older (45% inactive), 

low-income (46% inactive), and Latino adults (44% inactive) [4], who have high rates of 

obesity and other chronic conditions (e.g., Type 2 diabetes) [5] in combination with often 

reduced access to programs to improve physical and mental health [6].

Few physical activity programs have taken into account the cultural preferences and needs of 

Latino Americans—among the fastest growing segments of the U.S. population, including 

aging adults [7]. The major objective of the COMPASS Trial is to systematically compare 
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culturally adapted and individually tailored physical activity counseling for midlife and older 

Latino adults delivered through two different communication channels: trained peer advisors 

(called promotores de salud) vs. a virtual advisor (i.e., a computer-based embodied 

conversational agent named “Carmen”). Peer or lay health advisors, which have been in 

existence in Latino communities for decades [8], are typically members of the community in 

which they work, sharing the community's culture, language, and environment [9,10–12]. 

However, few such programs have specifically targeted physical activity counseling [13]. 

Similarly, while evidence suggests that aging adults as well as Latinos and other racial/

ethnic minorities are increasingly using computer technology and e-Health platforms [14], 

most people targeted by e-Health programs have been well educated, younger (< 55 years), 

and White [14–17]. These circumstances increase concerns that e-Health may intensify the 

“digital divide” and exacerbate health disparities for under-represented communities 

[14,18,19]. In particular, restricted computer access and lower computer, health, and 

language literacy levels are significant barriers for underserved populations [14]. Few 

websites have been designed for persons with less than a high school education [14], and 

few e-Health programs incorporate cultural factors in health communications [20]. For web-

based programs that do offer information in Spanish, content quality often has been 

substandard [21]. This may help to explain why only 42% of Latino adults ages 55 and older 

use the Internet, compared with 57% of non-Latinos [19]. In response to these often-cited 

barriers, the state-of-the-science “virtual advisor” computer technology being employed in 

COMPASS requires minimal computer skills or literacy, and provides personally and 

culturally tailored physical activity advice and support in multiple languages [22].

The COMPASS Trial allows for a direct determination of program comparative effectiveness 

for the Peer vs. Virtual Advisor programs. It also provides the opportunity to explore which 

Latino adult subgroups may do best with which type of communication channel. Given the 

dearth of community-based clinical trials in the health promotion area that have specifically 

targeted low-income aging Latinos, the COMPASS Trial also presents a unique opportunity 

to evaluate recruitment channels of particular relevance to Latino adults. The study design 

and procedures, including recruitment, intervention, and assessment procedures, constitute 

the major focus of this paper.

2. Methods and procedures

The Stanford University School of Medicine Institutional Review Board approved the study 

protocol for the COMPASS (Computerized Physical Activity Support for Seniors) Trial. All 

study materials, including informed consent and recruitment, intervention, and assessment 

forms, were produced in English and underwent thorough translation into Spanish by 

certified translators. Participants provided written consent upon reviewing the consent form 

with a bilingual staff member. The trial was registered at Clinicaltrials.gov 

(#NCT02111213).

2.1. Study design

The primary aim of this randomized trial is to test whether the Virtual Advisor intervention 

is as efficacious as the Peer Advisor intervention in promoting significant 12-month 
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increases in weekly minutes of walking—a form of moderate-intensity activity that is readily 

accessible and appealing to substantial numbers of midlife and older adults across the 

socioeconomic spectrum [3,23]. The study employs a cluster-randomized design of 

community centers located in neighborhoods with at least 20% midlife and older Latino 

residents [24]. In addition to location, other factors that were considered in choosing 

community centers included interest and willingness of center staff to participate in the 

study, appropriate space to accommodate computer equipment for the Virtual Advisor or 

Peer Advisor sessions, and a steady flow of Latino midlife and older adults who utilize the 

center's regular programs and services. Community centers were matched by geographic 

location and randomized to either the Peer Advisor or Virtual Advisor intervention arm. The 

comparative effectiveness of these two interventions constitutes the major objective of the 

study and is the focus of this paper. To take advantage of the study design to begin to explore 

new dietary intervention strategies in this underserved population, an additional pilot sub-

study is also underway. As part of this pilot sub-study, two other similar community centers 

(one in each county in which the study is located) have been selected to receive culturally 

adapted dietary information via mail and face-to-face modalities across the one-year study 

period.

2.2. Study location and participants

The study is located in two San Francisco Bay Area counties—Santa Clara and San Mateo 

counties. Approximately 26% of the population across these two counties report being of 

Latino or Hispanic ethnicity [www.census.gov, 2015 American Community Survey]. Latinos 

in the western U.S. come largely from Mexico and Central America [24]. Of those born 

outside the US, approximately 50% have lived here for 15 or more years.

The following study eligibility criteria were used to enroll study participants: (a) ages 50 

years and older; (b) insufficiently active [3], i.e., engaged in < 100 min/week of moderate 

intensity activity over the past six months, based on initial study physical activity screening 

items (see below), followed by a final baseline physical activity determination using the full 

CHAMPS questionnaire; [25] (c) able to safely engage in moderate forms of physical 

activities such as walking based on the Physical Activity Readiness Questionnaire; [26] (d) 

living within close proximity to one of the study-designated community centers to allow 

regular (e.g., weekly) attendance to the community center-based intervention sessions; (e) 

able to read and understand English or Spanish sufficiently to provide informed consent and 

participate in all study procedures; and f) planning to live in the area for the next twelve 

months. The study screen, typically by phone, to determine physical activity status included 

the following questions: 1) In the last three months have you regularly participated (at least 

two times per week) in any physical activity that has increased your breathing, such as 

aerobics, brisk walking, dancing, swimming, or playing sports? If the participants answered 

“yes”, they were asked to describe how many days per week they regularly exercised and 

how many minutes per day. These numbers were multiplied to calculate the total number of 

minutes per week. If the total number was 100 min or more, the individual was deemed 

ineligible. If the total number of minutes per week was reported as < 100, then individuals 

were asked to report, in a typical or normal week over the past four weeks, the total number 

of minutes per week they engaged in dance, walking or hiking uphill, walking fast or briskly 
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for exercise, and water exercises other than swimming. Individuals were deemed eligible if 

participation in the above exercises totaled < 100 min per week. A final determination of 

study eligibility based on physical activity status occurred at baseline using the full 

CHAMPS questionnaire.

2.3. Study participant recruitment and screening methods

To enhance external validity, three complementary recruitment methods were employed: 

geographically defined targeted mass mailings, cultural media-based promotion, and 

community outreach [27–29]. For the geographically defined targeted mass mailings, 

mailing addresses of residents in geographically defined Census block groups near the 

community centers were accessed via a private mail service company and selected based on 

age and Latino ethnicity. Introductory bilingual letters describing the study and business 

reply cards were sent to households, along with a toll-free number to call to obtain further 

study information and undergo initial screening for study eligibility. Those individuals 

judged to be initially eligible based on the telephone screen were invited to attend a group 

study orientation session at their designated community center, during which time the study 

objectives and procedures were explained in further detail, all questions were answered, and 

interested individuals were scheduled for an individual baseline assessment visit also held at 

the community center. Those individuals found to be eligible and willing to enroll in the 

study were scheduled for an initial individual intervention session at the community center.

To broaden the types of individuals enrolled in the trial, the targeted mass mailings were 

augmented with bilingual media-based promotion and community outreach [27–29]. The 

media promotional methods included study announcements placed in local Latino 

newspapers. As part of community outreach activities, study information was placed at 

participating community centers and was made available at local stakeholder events attended 

by bilingual study staff, such as health and resource fairs, back to school nights, Parent 

Teacher Association (PTA) meetings, local school council events, and parent group 

meetings, as well as neighborhood libraries, churches, local health clinics serving Latino 

adults, and local grocery stores [30]. Study participants and others who expressed interest in 

the study also were encouraged to refer others or share study information. The subject yield 

for the different recruitment strategies across the 24-month study recruitment period is 

summarized in Fig. 2 of the Results section.

2.4. Study participant retention methods

To promote high levels of participant retention across the 12-month intervention and 

assessment period, group-based study orientation sessions were employed following the 

telephone screening process and prior to baseline assessment to ensure that all individuals 

considering study participation were fully informed about the study objectives, what would 

be expected of them throughout the study, and what they in turn could expect from the study 

staff. The interactive group session included the weighing of the pros and cons of 

participating in the study, along with related motivational interviewing techniques and 

behavioral strategies, such as structuring of realistic expectations related to study outcomes. 

This type of pre-enrollment educational session has been associated with high levels of 

study retention in health behavior change trials across periods lasting up to 18 months [31].
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2.5. Peer Advisor recruitment and screening methods

Recruitment of Peer Advisors was accomplished using a variety of strategies. Study 

interventionists worked with the community center staff to identify activities within the 

community center through which Peer Advisors might be recruited. In addition, study staff 

requested referrals of people who attended the community centers regularly and who center 

staff identified as potentially viable candidates for the Peer Advisor role. In addition to 

collaborating with the community centers directly, Peer Advisor recruitment was also 

conducted through collaborating with different agencies external to the community centers. 

These agencies included local social and civic service agencies along with educational 

institutions such as schools and libraries. In addition, some recruitment efforts occurred 

through partnering with local fitness centers and targeting their physically active population 

as potential study peer advisors.

Peer Advisor eligibility criteria consisted of the following: (a) ages 30 years and older; (b) 

physically active on a regular basis (i.e., engaged in approximately 150 min/week or more of 

moderate intensity physical activity over the past 12 months); (c) free of any medical 

problems that might make it difficult to participate in regular physical activity or serve as a 

Peer Advisor in the study (e.g., any unstable chronic conditions); (d) willing to participate in 

the peer advisor 12-hour training program and volunteer an average of 2–3 h per week to 

advise their participants on physical activity; (e) willing to participate in monthly Peer 

Advisor supervision meetings; (f) able to read and understand English or Spanish 

sufficiently to provide informed consent and participate in all study procedures; and (g) 

planning to live in the area for the next 12 months. Peer Advisor selection and training 

consisted of screening interested individuals by phone to determine initial eligibility. 

Eligible individuals then attended an orientation session during which time the study 

objectives and procedures were explained in further detail, all questions were answered, and 

interested individuals provided informed consent related to study confidentiality protocols 

and information sharing. Individuals then completed a 12-hour Peer Advisor training 

program based on the successful peer-led physical activity training programs conducted 

previously by the Stanford team [32–34].

2.6. Peer Advisor oversight and quality assurance methods

Ongoing Peer Advisor oversight and quality assurance have been accomplished through 

monthly Peer Advisor supervision meetings, periodic review of Peer Advisor logs and notes 

completed after each Peer Advisor-participant advising session, and random check-ins by 

study staff with study participants. Each monthly study staff-led, group-based Peer Advisor 

supervision meeting lasts approximately 120 min and focuses on the following activities: (a) 

sharing among Peer Advisors of their experiences and challenges with their participants, 

along with receipt of problem-solving advice and ideas from study staff and other Peer 

Advisors; (b) ongoing physical activity-relevant information and updates; and (c) provision 

of relevant resources such as tip pages and newsletters that Peer Advisors can use in their 

meetings with their participants.
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2.7. Peer Advisor retention methods

In addition to the monthly supervision meetings, other Peer Advisor retention methods 

include annual informational and motivational workshops provided by Stanford investigators 

and staff, modest monetary payment for the general time commitment accompanying Peer 

Advisor activities (i.e., a $15 local store gift card received upon completion of each 

participant introductory intervention session; a monthly store gift card commensurate with 

the number of participant advising sessions completed that month, equaling $5.00 per 

advising session), intermittent receipt of low-cost project incentives (e.g., project apparel, 

project mugs and tote bags), and a certificate of completion honoring each Peer Advisor's 

contributions to the project at the end of his or her study advising period.

2.8. Development and delivery of study interventions

The two physical activity interventions are based on the theoretically derived cognitive-

behavioral advice and support strategies used in the evidence-based Active Choices physical 

activity counseling program and similar behaviorally based interventions in the field [35–

38]. The primary behavioral theory utilized in the program is Social Cognitive Theory [39] 

combined with the contextual framework of the Transtheoretical Model [40]. Social 

Cognitive Theory (SCT) recognizes the dynamic interplay of cognitive, behavioral, and 

social factors in influencing behavior change [39]. Among the variables derived from SCT 

are self-efficacy, the use of self-regulatory skills (e.g., self-monitoring, goal-setting), factors 

related to the physical activity behavior itself (e.g., format, intensity), and social 

environmental factors (e.g., modeling, social support, feedback from others), as predictors of 

physical activity participation [41]. Applications of the Transtheoretical Model to the health 

promotion area include the use of a range of behavioral and cognitive strategies aimed at an 

individual's motivational readiness to change a particular behavior (e.g., consciousness 

raising and other cognitive approaches in the preparation and action phases early in the 

program; reinforcement management and related behavioral approaches in the later phase of 

the program) [40].

The Virtual Advisor program consists of an embodied conversational agent (ECA)—an 

interactive, animated computer character that simulates face-to-face counseling and support 

using simple speech as well as nonverbal behaviors (e.g., facial cues, hand gestures) [42,43] 

(See Fig. 1). Individuals interact with it through touching one of several simple conversation 

boxes shown on the screen throughout the interaction, which eliminates the need to utilize a 

computer mouse, track pad, or keyboard. The conversation boxes are aimed at less than an 

eighth grade education level [42,44].

The ECA communication interface has been shown to be effective in changing behavior in 

individuals with little to no computer experience and low levels of health literacy [44]. The 

initial adaptation of the Virtual Advisor program to the Latino population being targeted was 

accomplished through a smaller intervention study that preceded the current trial [22] that 

was based on earlier work with embodied conversational agents (i.e., virtual advisors) 

conducted by Dr. Bickmore [43]. This work was augmented with information from Dr. King 

et al.'s Active Choices physical activity intervention program [36]. The formative testing and 

pilot work that was conducted also suggested that “Carmen”, the virtual advisor, could be 
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acceptable to other midlife and older ethnic minority groups as well, including Asian, 

Filipino, and African-American adults. The intervention protocol derived from this prior 

work was applied, in conjunction with similar intervention work with peer advisors [45], in 

establishing a parallel physical activity counseling program delivered in the trained Peer 

Advisor arm [45].

Both individually adapted programs are delivered at each participant's designated 

community center and focus in particular on walking and similar forms of moderate-

intensity physical activity. Both interventions begin with an introductory session that covers 

the following information: [36] (a) review of the participant's physical activity history, long-

term goals, and anticipated barriers to and facilitators of regular physical activity; (b) 

provision of information on the physical activity national guidelines, safety tips, and 

community center resources; (c) co-creation of a weekly physical activity plan; (d) training 

in the regular use of a pedometer and a project calendar to log steps and walking minutes; 

and (e) scheduling of the next intervention appointment.

Following the introductory session, each session follows a standard counseling protocol that 

is similar across the two interventions and which generally consists of the following 

elements: greetings and introductory social dialogue, checking for important health changes, 

review of pedometer-measured steps and minutes walked since the last advising session, 

acknowledgement of successes, problem-solving around barriers to physical activity, 

provision of relevant information to continue with physical activity or to overcome barriers, 

goal-setting for the period between the current and the next advising session, scheduling of 

the next advising session, and summary and wrap up. The typical advising session for each 

intervention was developed to average approximately 10–15 min, and the general schedule 

of advising sessions for both arms over the one-year intervention period, based on previous 

research [32,36], is as follows: weekly sessions for the first two months; and twice-per-

month sessions for the remaining 10 months.

In the Peer Advisor arm, peer advisors meet with their individual participants in a location 

within the community center that affords privacy. The Virtual Advisor, meanwhile, is housed 

on a dedicated computer (supplied by the study) located in a private, secure area at each 

designated community center receiving that intervention. Participants are trained in a brief 

introductory session with project staff and are provided with a private log-in to initiate 

sessions with the advisor. Similar to the Peer Advising arm, participants are taught to use an 

Omron pedometer (Omron Healthcare, Inc., model HJ-720ITC, Lake Forest, Ill, 60045, 

USA), which provides a valid, reliable daily step count under prescribed and self-paced 

walking conditions in normal-weight and overweight adults [46]. Participants are instructed 

to wear the pedometer on a daily basis, and download it on the Virtual Advisor computer via 

USB port at each session. The Omron can reliably store data for up to 41 days. Participants 

also complete a brief survey of personalized information at enrollment (e.g., favorite 

entertainment, names of supportive relatives/friends) that is programmed into the computer 

to personalize Virtual Advisor dialogue. Participants are encouraged to wear headphones 

during Virtual Advisor sessions to ensure privacy. As described earlier, Virtual Advisor and 

Peer Advisor sessions include individualized social interaction, progress review based on 

downloaded pedometer information, personalized feedback and problem solving, and goal 
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setting based on current progress [47]. Educational information can be received if desired in 

both arms.

2.9. Intervention fidelity and quality assurance

To maintain intervention fidelity and quality assurance in the Peer Advisor arm, trained staff 

members conduct regular quality control checks and activities as described above [32,48]. 

Virtual Advisor quality assurance includes regular monitoring of system performance and 

backup along with participant log-in activity, and ongoing availability of a study helpline for 

participants and center staff to call for assistance in correcting any problems. A designated 

Stanford staff member is in regular contact (twice a month or more frequently as needed) 

with the Virtual Advisor programming and oversight team at Northeastern University to 

ensure that any problems that occur can be resolved in a timely manner.

2.10. Assessment: primary outcome measures

The primary outcome is change in walking activity across the 12-month intervention period. 

Walking is assessed at three time points (baseline, six months, 12 months) using the four 

walking items from the validated CHAMPS questionnaire (interview format) for older 

adults, which is available in English and Spanish [25,49,50]. The CHAMPS questionnaire 

assesses usual weekly minutes of walking over the previous 4 weeks. Such validated self-

report instruments represent the most direct and reliable means for assessing walking 

patterns, given that device-based assessment tools (pedometers, accelerometers) typically 

capture more general movement levels beyond walking behavior. The CHAMPS walking 

items have been significantly associated with pedometer steps in previous studies, and were 

sensitive to change in the earlier conducted Virtual Advisor physical activity intervention 

study in a similar group of midlife and older Latino adults [22]. The CHAMPS total activity 

as well as moderate and more vigorous physical activity (MVPA) variables have been 

consistently associated with objective physical activity measures in prior studies and 

therefore will be evaluated as secondary measures of physical activity in the COMPASS 

Trial [52,53]. We will also describe the proportion of each arm meeting the national physical 

activity recommendations of at least 150 min/week of MVPA [3].

Physical activity measurement using the CHAMPS is accompanied by the validated 

Actigraph® accelerometer (model wGT3X) at each of the three assessment time points [54]. 

The accelerometer provides objective information related to overall physical activity 

amounts and intensity (though not the types of activities engaged in). The accelerometry 

protocol from a large study of 860 older adults is being applied [55]. The activity monitor is 

worn on the hip during waking hours for seven consecutive days at each time point, ensuring 

a sufficient number of days of physical activity data (at least five days is considered as 

complete data) commensurate with current physical activity studies in older adults [56]. 

Participants are instructed to wear the accelerometer for at least 8 h per day during their 

waking hours. Wear-time validity will be determined through applying the wear and non-

wear time analysis and classification algorithms reported by Choi et al. [57], and analysis 

and interpretation of the accelerometry data will be based on our prior investigations and 

those of other older adult populations [58].
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2.11. Secondary outcome measures

Secondary outcome variables of particular importance to aging Latino populations include 

the following: sedentary behavior, measured using a validated one-week recall survey 

responsive to change in older adults; [59] body mass index (BMI), derived using standard 

clinical assessment protocols for height and weight; [50] resting blood pressure and heart 

rate, using standard protocols; [50] physical function, assessed with the validated two-

minute step test from the Senior Fitness Test protocol; [60] and quality of life and well-

being, measured with the 10-item Vitality Plus Scale assessing well-being constructs 

associated with regular physical activity in aging adults, including sleep quality, energy, 

mood, and pain [61].

In addition to the above outcomes, program safety and adverse events are being tracked in 

both intervention arms using standardized forms and protocols used in prior physical activity 

intervention trials [32,37]. Also, overall participant acceptability ratings of the novel Virtual 

Advisor intervention are being assessed at the end of the 12-month intervention period via a 

19-item computer program acceptability scale [62], a 4-item cultural congruity scale [63], 

and the Working Alliance Inventory's 12-item bonding subscale [22,64]. Similar program 

acceptability questionnaires are being collected in the Peer Advisor arm at 12 months [32].

2.12. Baseline moderators of intervention effects

Based on the human-computer interactions literature and our own work [65–68], we plan to 

evaluate several baseline moderators of intervention effects that are of particular relevance to 

the Peer vs. Virtual Advisor comparison and the social aspects of Latino culture [69]. Four 

such potential moderators are social anxiety, comfort with computers, perceived 

neighborhood social cohesion, and acculturation and health literacy levels. Social anxiety, 

drawn from Interpersonal Theory [70], refers to persons with increased social discomfort 

and anxiety. This subgroup has been shown to perform better with computers relative to 

humans across an array of educational tasks [67,71,72]. Descriptive analysis from a prior 

trial of ours comparing human vs. automated physical activity advisers also indicated that 

those with more social anxiety assigned to human advice had poorer physical activity levels 

compared to similar persons assigned to automated advice [73]. This construct is being 

measured via Fenigstein et al.'s scale [74].

Comfort with computers is another potential moderator that will be evaluated. Prior physical 

activity intervention work in this age group has shown that persons expressing less general 

comfort with and trust in computers had stronger preferences for non-automated (human) 

advisors relative to their peers [22,36]. This construct is being measured via the Computer 

Attitudes scale [75].

Perceived neighborhood social cohesion is a third potential moderator that will be evaluated. 

In addition to the psychosocial characteristics described above, the nature of the 

neighborhood environments in which walking typically occurs can affect physical activity 

levels [55]. For older Latinos, living in neighborhoods that enhance social contact and 

cohesion has been associated with greater physical activity and physical function [76,77]. It 

follows that those with higher neighborhood social cohesion may do well irrespective of 

King et al. Page 10

Contemp Clin Trials. Author manuscript; available in PMC 2018 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



program assignment, whereas those lower in social cohesion might require the additional 

personalized “touch” possible with the Peer Advisor. This construct is being measured via 

the Neighborhood Social Cohesion scale [78].

Acculturation and health literacy levels represent additional potential moderators that will be 

evaluated. Given that baseline levels of acculturation and health literacy may impact 

subsequent engagement with the two interventions, these constructs are being assessed using 

standard measures [79–81].

2.13. Potential mediators of intervention effects

To evaluate the pathways through which the two interventions may exert their effects, 

putative mediators of intervention success are being collected at the three measurement time 

points. Several mediational pathways of particular relevance to the Virtual Advisor vs. Peer 

Advisor comparison are advisor-based and social network-based support, access, and 

accountability. With respect to perceived advisor physical activity support, it has been 

suggested that the more neutral, less implicitly evaluative environment created by an 

automated or virtual advisor may be less socially threatening than that created by human 

advisors [67]. However, in one of our previous physical activity trials [36], we found that 

while the human and automated advisor programs showed similar significant increases in 

rated advisor support during the initial 6-month period, these increases were not sustained 

through 12 months in the automated advisor arm relative to the human advisor arm. This 

construct is being measured via the adapted Support for Exercise scale [82].

Social Cognitive Theory and the Transtheoretical Model underscore the importance of 

learning ways of enlisting support for ongoing behavior change from one's social network or 

environment, and this skill is emphasized in both the Peer and Virtual Advisor programs. In 

a previous physical activity trial involving a primarily Caucasian sample [36], both the 

human and automated advisor arms reported significant increases in this variable relative to 

control at 6 and 12 months. However, in our preliminary study of the COMPASS Virtual 

Advisor with a small Latino sample, this variable did not change significantly across the 4-

month intervention period relative to control [22]. This construct is being measured via the 

Motivational Processes of Change Inventory [83].

Perceived access to and actual use of the advisor are additional putative mediators of 

intervention effects that will be explored. For example, the Virtual Advisor essentially 

“lives” at the community center and could conceivably be accessed by participants more 

often and more readily than the Peer Advisors. This in turn could affect physical activity 

participation. This construct is being evaluated using a brief scale from our prior research 

[36]. The actual amount of time participants interact with their assigned advisor across the 

intervention period also is being captured automatically by the Virtual Advisor program and 

through advising session logs kept by the trained Peer Advisors.

With respect to perceived accountability to the advisor, the more neutral, less implicitly 

evaluative environment created by an automated advisor, while potentially less socially 

threatening than that created by human advisors, may also engender less accountability to 

the advisor [67]. This could in turn result in a reduced likelihood of following the advisor's 
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suggestions, which could negatively impact physical activity participation. We are 

measuring this construct via an adapted version of the Perceived Accountability scale [84], 

which assesses perceived accountability for both task (i.e., physical activity) performance 

and interpersonal facilitation.

2.14. Randomization of community centers to study arms

Block randomization by county locale was used to assign ten community centers to the two 

major study arms. Allocation concealment was in place for each block of centers during the 

randomization process to minimize selection bias with respect to subsequent blocks. 

Assessment staff members are blinded to randomization assignment.

2.15. Sample size calculation and data analysis plan

Sample size estimates have been developed to test the study's primary question related to 

whether the Virtual Advisor intervention is no worse than the intervention delivered by 

trained human advisors, i.e., a test of non-inferiority [85]. Using a two-tailed 95% 

confidence interval on the effect size (Cohen's d), the threshold of clinical significance 

between the two treatments, Δ, has been developed to demonstrate clinical non-inferiority of 

the new intervention (Virtual Advisor) if the confidence interval lay completely above −Δ, 

while clinical non-inferiority of the Peer Advisor intervention will be demonstrated if the 

confidence interval lay completely below +Δ. In this trial, the effect size (Cohen's d) is the 

standardized difference between the change in walking minutes/week over the 12-month 

intervention period. The critical value of Δ is based on a clinically meaningful difference 

between arms of 30 min of walking per week [3], and a within-arm standard deviation of 90, 

accounting for clustering within centers [86]. We calculated that a sample of 112 per arm 

(224 total) would provide 80% power to demonstrate non-inferiority between the two 

interventions using a simple pre-post analysis. We plan to use a mixed-effects linear 

regression model (linear on ln(t +1), where t is time from entry to the study, to model the 

usual rapid early change in physical activity with later stabilization, and use an 

autoregressive covariance structure (assuming that weeks that are closer together will be 

more highly correlated within subjects than those further apart). Mixed-effects linear 

regression effectively addresses both missing data and early dropout in “intent-to-treat” 

analysis [87,88]. In addition, the multiple assessment time points in the trial (at baseline, 6 

months, and 12 months) will serve to provide more detailed information on changes over 

time relative to studies using pre-post assessment only [89]. Twenty-one additional 

participants were recruited to protect against loss to follow-up.

Similar mixed-effects linear regression techniques will be used to address the secondary 

outcomes of interest, e.g., intervention impacts on physical function and well-being variables 

across the study period.

2.16. Comparative cost analysis of the two programs

Given the dearth of cost analyses for e-Health and lay (peer) advisor programs generally as 

well as in the physical activity field, collecting such data is strongly recommended [90,91]. 

The analysis procedures that will be used are informed by the cost determinations used by 

other investigators in the physical activity arena [92,93]. Study methods have included the 
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assessment of the costs of program administration so that analysis of the relation between 

costs and study outcomes can be conducted [90,93]. Costs that have been tracked in each 

intervention, based on prior literature [92–94], include costs of administering the programs 

and costs of participant compliance. Tracked participant compliance costs include length of 

the advising sessions and related contacts and costs associated with travel to community 

centers. The time participants spend engaging in physical activity is an outcome and will not 

be counted among program costs. Program costs will be compared to outcomes data (e.g., 

weekly minutes of walking) [95]. Among program costs included are the advisor training 

and supervision costs incurred in the Peer Advisor program, and the initial personalization 

and ongoing tech support costs incurred in the Virtual Advisor program. Given that tech 

support personnel are often more highly paid than community staff overseeing volunteers, 

the economic trade-offs for the two are currently unclear. (That is, the increased convenience 

and greater potential use of the Virtual Advisor may be offset by higher program 

maintenance costs.)

With respect to statistical power, cost analysis studies involving peer and automated physical 

activity advisors are lacking. However, a prior physical activity study that had sufficient 

power to successfully compare the cost-effectiveness of two active center-based physical 

activity programs had a combined sample size for the two active intervention arms (n = 235) 

that is comparable to the sample size in the current study [93]. Mixed-effects linear 

regression noninferiority and superiority methods will be employed.

2.17. Baseline moderator analysis

In addition to the above analyses, we plan to conduct exploratory moderator analyses 

following the procedures described by Kraemer et al. [96] and using mixed-effects linear 

regression models. The previously described moderator variables of interest will be centered 

and an interaction term calculated between the moderator variable and study arm 

assignment. Alpha will be set at 0.05 using a two-tailed test of significance for all 

interactions. Effect sizes will be calculated for moderation effects using Cohen's d formula 

[97]. Results from these analyses will inform future studies aimed specifically at a priori 

testing of specific moderators in this population to improve intervention response for non-

responder groups.

2.18. Exploratory mediator analysis

As per prior mediation work [83,98], mediator analysis will follow the general procedures 

first described by Baron and Kenny [99] and informed by MacKinnon [100]. After 

confirming intervention success in changing physical activity, mixed effects linear regression 

will be used to evaluate if the interventions produced significant changes in the proposed 

mediators, described earlier, and if the proposed mediators were associated with significant 

increases in physical activity. Variables meeting these criteria will be included in formal tests 

of mediation, which will employ mixed effects linear regression modeling to assess whether 

treatment effect was attenuated after accounting for its indirect effects via the mediators. 

Complete mediation occurs when the direct effect of treatment in achieving improvements in 

physical activity vanishes when controlling for the putative mediator. The single mediator 

approach can be generalized to multiple-mediation scenarios provided that in step two of the 
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Baron and Kenny approach, the putative mediators are regressed simultaneously on 

intervention group via a multivariate normal regression model, as per Preacher and Hayes 

[101].

3. Results

3.1. Selection and description of study community centers

Ten community centers located in Santa Clara and San Mateo Counties, California with at 

least 20% Latino households (range = 21–55% Latino households) living within a one- to 

five-mile radius from the center were identified and expressed interest in serving as a study 

intervention site. These sites were block-randomized by locale to either the Peer or Virtual 

Advisor arms. Soon after recruitment, one center experienced unforeseen changes in its 

administration that disrupted center operations and precluded center participation in the 

study. To ensure comparable participant enrollment in each study arm, additional 

participants were enrolled at the remaining four community centers assigned to that 

intervention arm.

In each center, there were center staff who were willing to support the research team in 

reserving meeting space for clinical assessments, recruitment meetings, and, when relevant, 

Peer Advisor meetings. For the sites that received the Virtual Advisor, designated staff 

members were instructed on how to maintain the computer kiosk (i.e., refilling printer paper, 

providing minor technical support related to the computer such as making sure that it was 

switched on and that the touch screen remained clean, and contacting a member of the 

research team if needed.)

All participating community centers offered, as part of their usual activities, a nutrition 

program for older adults as well as non-physical activity oriented classes and activities, such 

as bingo, karaoke, and arts and crafts. Additionally, 89% offered weekly physical activity 

classes and had at least one general computer available for older adults visiting their center.

3.2. Study participants enrolled and recruitment sources

Participant study enrollment occurred between July 2014 and July 2016. A total of 245 

participants are enrolled in the primary trial (Peer Advisor arm: n= 122; Virtual Advisor 

arm: n =123). Participant baseline demographic and health characteristics are summarized in 

Table 1. The study participants range in age from 50 to 87 years, and 79% are women, with 

about half of participants reporting being married or living with a partner. The predominance 

of women is common in such health promotion intervention studies, as is the reluctance of 

participants, especially from such lower-income communities, to report their household 

incomes. Forty-four percent of participants have high school or lower levels of education.

In addition, 39 participants are enrolled from the additional two non-physical activity center 

comparison sites that are participating in the dietary intervention pilot substudy that will be 

used to explore secondary questions of interest (e.g., examination of physical activity 

intervention effect size estimates relative to no physical activity intervention).
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Sources of recruitment for the total sample of enrolled participants are summarized in Fig. 2. 

The highest recruitment yield (88.7% of enrolled subjects) was obtained from the 

geographically defined and demographically targeted bilingual mass mailings aimed at the 

Census blocks surrounding the community centers. The total number of targeted letters 

mailed describing the study and inviting individuals to contact the study team for more 

information was 107,930. The total cost of the targeted mailing recruitment strategy equaled 

approximately $69,900.00.

3.3. Results related to recruitment and enrollment of Peer Advisors

During the recruitment process for Peer Advisors, 230 individuals expressed initial interest, 

and 119 individuals were found to be eligible based on the study's Peer Advisor eligibility 

criteria. Of these individuals, 56 completed the Peer Advisor training requirement, and 36 

initiated Peer Advisor activities with at least one participant. Over the course of the 

intervention period, six Peer Advisors had to relinquish their peer advisor activities due to a 

move out of the area, medical illness, or the initiation of a new job which put constraints on 

their time. Their study participants were transferred successfully to other Peer Advisors with 

minimal difficulties.

4. Discussion

The COMPASS Trial is among the first studies to systematically compare the effectiveness 

of physical activity advice delivered by humans versus automated advisors in aging Latino 

adults. Insufficiently active Latino adults are at elevated risk for a variety of chronic diseases 

and conditions, yet have rarely been targeted for tailored physical activity advice and support 

using communication sources (i.e., trained peer advisors, virtual advisors) that have great 

potential for population transferability and reach. The use of community centers for 

intervention delivery provides a readily available intervention access point in many 

communities across the U.S., and the one-year intervention period will provide insights 

related to initial physical activity adoption and more sustained behavioral maintenance. The 

multi-faceted recruitment plan allows for a more diverse and potentially generalizable 

sample, and the particularly high yield of the targeted mass mailings is notable, given its less 

frequent use in a number of community-based research studies. At least one study has shown 

that personalized direct mailings can increase response rates for Latino adults relative to 

nontargeted approaches [28]. The planned comparative cost analysis will provide additional 

information concerning the potential implementation of the two interventions in real-world 

contexts. This analysis will be essential for informing future dissemination of the novel 

Virtual Advisor intervention method. While community-based promotores de salud (i.e., lay 

or peer advisors) are a known and effective mechanism for health promotion in Latino 

populations, the method has been limited by the ability to scale. If the technology-enabled 

Virtual Advisor proves comparable and cost-sensitive relative to the Peer Advisor arm, it 

represents a scalable and replicable solution that could be readily integrated into current 

community and senior center infrastructures.

While the primary aim of this trial is to compare the 12-month effectiveness of the Virtual 

Advisor relative to Peer Advisors, a similarly compelling goal is to explore, through the 
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planned moderator analyses, which participant subgroups may do best with which type of 

intervention. Referred to as “the whiches conundrum” [102–104], ascertaining how best to 

target different interventions to different subgroups of people represents among the most 

important challenges currently facing the behavioral health and precision medicine fields 

[102]. Similarly, the planned mediator analyses will provide initial information on which 

types of variables may be of particular importance for achieving intervention-related impacts 

on physical activity levels.

5. Conclusion

If the promising preliminary Virtual Advisor evidence obtained from the original pilot study 

[22] is confirmed in this comparative effectiveness trial, this intervention will represent a 

potentially low-cost, readily accessible option that could be broadly disseminated across a 

range of community settings (e.g., clinics, pharmacies, libraries, residential settings). As 

such, it has substantial potential to reduce the health disparities gap by influencing a key 

health behavior in underserved populations [105].
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Fig. 1. 
Screenshot of the Virtual Advisor (“Carmen”).
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Fig. 2. 
Total number of enrolled subjects by recruitment sources.
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