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Abstract
Background Little is known about which behavior change
strategies motivate older adults to increase their physical
activity.
Purpose The purpose of this study was to assess the relative
effects of two sets of behavior change strategies to motivate

increased physical activity among older adults: interpersonal
and intrapersonal.
Methods Community-dwelling older adults (N = 102, mean
age = 79) were randomized in a 2 × 2 factorial experiment to
receive interpersonal (e.g., social support, friendly social com-
parison; no, yes) and /or intrapersonal (e.g., goal setting, bar-
riers management; no, yes) behavior change strategies, com-
bined with an evidence-based, physical activity protocol
(Otago exercise program) and a physical activity monitor
(Fitbit One™).
Results Based on monitor data, participants who received in-
terpersonal strategies, compared to those who did not, increased
their average minutes of total physical activity (light, moderate,
vigorous) per week, immediately (p = .006) and 6 months
(p = .048) post-intervention. Similar, increases were observed
on measures of functional strength and balance, immediately
(p = .012) and 6 months (p = .003) post-intervention. The intra-
personal strategies did not elicit a significant increase in physical
activity or functional strength and balance.
Conclusions Findings suggest a set of interpersonally orient-
ed behavior change strategies combined with an evidence-
based physical activity protocol can elicit modest, but statisti-
cally and clinically significant, increases in older adults’ phys-
ical activity and functional strength and balance.

Future research should replicate these findings and inves-
tigate the sustained quantity of physical activity elicited by
these strategies and their impact on older adults’ quality of life
and falls.
Trial RegistrationThe ClinicalTrials.gov registration identifier
is NCT02433249.
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Introduction

Low levels of physical activity contribute to some of the most
serious health challenges facing older adults today. For exam-
ple, the leading cause of injurious death among older adults is
falls [1]. Despite evidence that falls can be reduced with the
regular practice of exercises and movements recommended in
evidence-based physical activity guidelines, less than 12 % of
older adults perform these on a regular basis [2] and fall rates
have continued to increase [1]. One reason for this knowledge
translation gap is that although the types and doses of physical
activity to recommend are well known, less is known about
the behavior change strategies that might motivate older adults
to perform them [3–5]. Although several behavior change
strategies are promising, research examining their effects is
scarce and inconclusive. In this paper, we describe a factorial
experiment testing the relative effects of two empirically and
theoretically informed sets of behavior change strategies—in-
terpersonal and intrapersonal—that have the potential to mo-
tivate older adults to engage in physical activity as recom-
mended by evidence-based guidelines.

Age-related decreases in leg strength and balance are the
most common causes of falls [6]. But these can be mitigated
with the regular practice of leg-strengthening and balance-
challenging exercises, augmented with walking and flexibility
movement [7]. In fact, these four types of exercises and move-
ments, encompassed in evidence-based physical activity guide-
lines for older adults [8, 9], have been integrated into physical
activity protocols such as the Otago Exercise Program [10] and
Senior Fitness and Prevention [11]. Such protocols have been
proven to be safe, relatively simple, and the most effective type
of fall prevention intervention for older adults, including those
with multiple chronic conditions and frailty [7]. However, their
broad dissemination has not made an impact on older adults’
physical activity behavior or health (e.g., fall rates).

Important content may be missing from existing evidence-
based physical activity protocols and guidelines for older
adults, which limits their impact. Although protocols specify
the biomechanical aspects of exercises and movements, they
do not provide guidance in how older adults might be moti-
vated to integrate physical activity into their everyday lives
[12]. In the field of fall prevention, factors that ensure “uptake”
of and “adherence” to activities within interventions tested,
such as behavior change strategies, have not been examined
[7]. In the broader field of physical activity in older adults,
meta-analyses of prior research results indicate that certain
behavior change strategies such as “barrier identification”
and “problem-solving” are associated with greater effects on
physical activity than other strategies such as “goal-setting”
[3–5]. Although these results are intriguing, the individual
studies upon which they are based were designed to evaluate,
on average, 7–10 strategies bundled together with other inter-
vention components. This treatment package approach to

evaluation limits our ability to delineate unique and joint ef-
fects of behavior change strategies, or sets thereof, used within
interventions.

Prior research in this area is also limited by the fact that
studies have primarily focused on the assessment of fall risk or
occurrence, have relied on self-report measures when measur-
ing physical activity, and have not captured follow-up data.
Intervention research in the field of fall prevention has focused
on the distal outcomes of fall risk and occurrence, not the
proximal outcome of physical activity [12]. Assessing physi-
cal activity is warranted in this line of research because the
ability of interventions to make an impact on distal health
outcomes (e.g., falls) is dependent on their ability to increase
physical activity. Thus, fundamental questions remain regard-
ing if and how physical activity can be increased among older
adults; questions that can serve as a starting point for also
understanding how to increase specific exercises and move-
ments encompassed within existing guidelines and protocols.

These types of questions warrant assessing parameters that
reflect the quantity of physical activity over time (e.g., dura-
tion), which historically have been assessed using self-report
measures [13]. However, self-report measures are associated
with recall bias, which limits their precision [14, 15].
Objective measurements from physical activity monitors
overcome these limitations and are now the preferred source
of data for clinical research addressing questions related to the
quantity of physical activity [13, 16]. Finally, assessing phys-
ical activity over time warrants measurements captured at sev-
eral time points. Intervention research in the field of physical
activity in older adults has primarily focused on pre- and post-
intervention measurements, less on longer term follow-up
measurements after intervention completion [17]. Such
follow-up measures are critical for understanding if changes
in physical activity are independently maintained or if they
decay over time in the absence of a structured program [18].

The current study represents an important step in the pro-
cess of developing an intervention that combines key behavior
change strategies with an evidence-based physical activity pro-
tocol for older adults, Otago [19]. The first iteration of the
intervention, piloted in prior research [20], was comprised of
10 behavior change strategies linked to wellness motivation
theory (WMT) [21] plus the Otago protocol and a physical
activity monitor. In preparation for this study, the behavior
change strategies were separated into two sets, interpersonal
(e.g., social comparison) and intrapersonal (e.g., goal develop-
ment), based on empirical evidence and theory that suggest
both sets have the potential to elicit increased physical activity
among older adults, but in different ways [5, 22, 23].
Consistent with the multiphase optimization strategy
(MOST) [24], separating these strategies into two sets enabled
testing, through experimentation, their unique and joint effects
[25]. The primary focus of this study is the effect of the inter-
vention strategies on the quantity of physical activity as a
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primary outcome, assessed through objective and self-report
measures, immediately and 6 months after the intervention.
Functional strength and balance is also assessed as a secondary
outcome to confirm that participants engage in the types of
exercises and movements within Otago that target fall risk.

In sum, the overall purpose of this study was to assess the
unique and joint effects of two sets of behavior change strat-
egies, interpersonal and intrapersonal on older adults’ physical
activity, when combined with the core content of an evidence-
based physical activity protocol and a physical activity mon-
itor (Fig. 1). Our primary and secondary hypotheses were that
community-dwelling older adults who receive each set of be-
havior change strategies, compared to those not receiving
them, would (a) increase the quantity of their physical activity
and (b) improve their functional strength and balance, imme-
diately post-intervention and 6 months post-intervention. This
research will yield valuable data to help guide the integration
of effective behavior change strategies into evidence-based
physical activity protocols for older adults.

Method

Design

Community-dwelling older adults (N = 102) participated in a
2 × 2 factorial experiment in which one factor was the receipt
of a set of interpersonal behavior change strategies (no, yes)
and the second factor was the receipt of a set of intrapersonal
behavior change strategies (no, yes). Each participant was
randomized to one of four conditions: (a) evidence-based
physical activity protocol adapted for small groups (Otago)
+ physical activitymonitor, (b) Otago + physical activitymon-
itor + interpersonal strategies, (c) Otago + physical activity
monitor + intrapersonal strategies, or (d) Otago + physical
activity monitor + interpersonal strategies + intrapersonal
strategies. Each participant attended eight weekly small group
meetings (approximately 90 min each) with 4 to 6 other par-
ticipants randomized to the same condition. The primary out-
come was physical activity assessed via objective and self-
report measures. The secondary outcome was functional
strength and baseline. Participants were given thank you cards

and $20 following each of the three data collection sessions.
They were also invited to keep their physical activity monitors
after the study. The Institutional Review Board at the
University ofMinnesota approved this study. The study’s clin-
ical trial registration is NCT02433249.

Participants

To be eligible for study participation, potential volunteers had
to be ≥70 years old, speak English, have the ability to walk,
not have a diagnosis of neurocognitive disorder(s) or a score
of ≤21 on the telephone version of the Mini-Mental State
Exam [26], and report physical activity levels that are below
national recommendations for older adults. Specifically, par-
ticipants were included who reported engaging in strength
training less than two times per week and moderately intense
aerobic activity less than 150 min per week [27]. Community-
dwelling older adults were recruited via newspaper advertise-
ments and fliers distributed in four neighborhoods of
Minneapolis, Minnesota. Each neighborhood was in a differ-
ent quadrant of the city and near one of the four host commu-
nity centers. The advertisement for a “University of
MinnesotaWellness and Physical Activity Study” invited peo-
ple to apply who were interested in participating in small
group meetings in a neighborhood community center to learn
about and practice activities that maintain leg strength and
balance.

Intervention

Meetings were hosted within four community centers that
were easily accessible via public transportation and had health
promotion goals that complimented the purpose of this study.
Transportation was coordinated and funded upon participant
request: 5 of the 102 participants made this request.
Information about standardized delivery and intervention con-
tent that varied according to condition is summarized in
Table 1. Each meeting included time to learn and practice
movements according to the Otago physical activity protocol:
15 min during meeting 1 and gradually increasing to 60 min
by meeting 8. Each meeting also included time to discuss
topics according to assigned condition. Discussion topics

Intrapersonal Behavior Change Strategies 
o Evidence-based Physical Ac�vity Protocol 
o Physical Ac�vity Monitor 

Primary Outcome  
Quan�ty of Physical Ac�vity  

Secondary Outcome  
Func�onal Strength and Balance 

o Immediately Post-Interven�on 
o Six Months Post-Interven�on 

Interpersonal Behavior Change Strategies 
o Evidence-based Physical Ac�vity Protocol 
o Physical Ac�vity Monitor 

Fig. 1 Intervention conceptual
model
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centered on aging and health such as nutrition, sleep, and foot
health [28] in meetings of participants randomized to condi-
tion one, which did not include a set of behavior change
strategies.

We minimized contamination across conditions using sev-
eral tactics. First, we scheduled intervention meetings at dif-
ferent times so that participants in different conditions were
not in the same physical space at any given time. Second,
participant workbooks appeared identical on the exterior.
Third, we asked participants to refrain from sharing their
workbooks with study participants outside their small group,
until after study completion. Finally, we provided the trained
interventionist with manuals to guide her delivery of content
specific to each condition and meeting.

Physical Activity Monitors Each participant, across condi-
tions, received a commercially available physical activity
monitor, Fitbit One™ (Fitbit Inc., San Francisco, CA, USA).
We chose Fitbit One™ for this study because their displays are
consistent with features important to older adults, such as real-
time feedback in the form of actual steps and distance. Basic
operational instructions for using the physical activity moni-
tors (e.g., how to wear, charge, read displays) were introduced
during the baseline data collection period, then reviewed and
reinforced at and between intervention meetings, as needed.

Physical Activity Protocol The Otago physical activity pro-
tocol, adapted for small groups, was delivered across

conditions during each small group meeting. The Otago pro-
tocol includes four types of exercises and movements: 5 leg-
strengthening, 12 balance-challenging, 5 flexibility, and walk-
ing [10]. Per protocol, light and moderate intensity exercises
and movements, consistent with national and international
physical activity guidelines, were gradually introduced, dem-
onstrated, individualized, and practiced within the small group
settings over the 8-week intervention period. Daily walking
was also encouraged, at a usual pace for up to 30 min (divided
into 10 minute sessions if preferred) to increase physical ca-
pacity. Mastery to perform the physical activities independent-
ly, outside of the small group meetings, was facilitated via
initial guidance for each exercise and movement, safe walk-
ing, as well as periodic check-ups. In addition to learning and
practicing within the small group meetings and walking every
day, participants were encouraged to practice the exercises and
movements on their own twice per week between the inter-
vention meetings and then three times per week after complet-
ing the intervention.

Interpersonal Behavior Change Strategies The five main
interpersonal strategies required dialogue and exchange between
group members about physical activity-related ideas, experi-
ences, and knowledge to elicit individual change [29]. The first
two strategies included facilitating discussions about increasing
the give-and-take of social support for fall-reducing physical
activity with important others and identifying one’s self as a role
model. The third strategy included problem-solving social and

Table 1 Intervention delivery strategies and content, by condition

Condition

Otago Otago Otago Otago
Physical activity monitor Physical activity monitor Physical activity monitor Physical activity monitor

Interpersonal BCS Intrapersonal BCS Interpersonal BCS
Intrapersonal BCS

Intervention delivery

•8 small group meetings •8 small group meetings •8 small group meetings •8 small group meetings

•4–6 participants •4–6 participants •4–6 participants •4–6 participants

•90 min/week •90 min/week •90 min/week •90 min/week

•Fitbit One™ •Fitbit One™ •Fitbit One™ •Fitbit One™

•Intervention workbook •Intervention workbooka •Intervention workbooka •Intervention workbooka

Intervention content

•Otago physical activity
protocol adapted for
small group

•Otago physical activity
protocol adapted for
small group

•Otago physical activity
protocol adapted for
small group

•Otago physical activity
protocol adapted for
small group

•Discussion
about aging
and health

•Interpersonal BCS •Interpersonal BCS

•Intrapersonal BCS •Intrapersonal BCS

BCS behavior change strategies, Physical activity monitor Fitbit One™
a Content includes illustrated instructions for fall-reducing physical activities, safety tips, by week; basic support focusing on Fitbit OneTM devices; and
content supporting inter and/or intrapersonal behavior change strategies
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environmental barriers to physical activity. The fourth strategy
was to facilitate the integration of physical activity into social
routines, including the use of community resources. The fifth
strategywas friendly, noncompetitive social comparisons of per-
sonal physical activity practices and data trends obtained from
monitors [30]. Discussions addressing the first and fifth strate-
gies included how to interpret data visualizations from the phys-
ical activity monitor, and the relevance of different trends ob-
served between participants and important others, as well as
within each participant over time.

Intrapersonal Behavior Change Strategies The five main
intrapersonal behavior change strategies required didactic re-
view of key concepts followed by individual reflection and
discussion about how these concepts and tools apply to per-
sonal situations. The first strategy included facilitating the
development of personally meaningful, realistic, and specific
physical activity goals, based on personal patterns and trends.
The second and third strategies included identifying what
makes physical activity satisfying as well as identifying facil-
itators and barriers to being active and ways to manage these
factors. The fourth and fifth strategies were to facilitate the
integration of physical activity into personal routines and the
development of anticipatory plans for coping with potential
disruptions. Discussions addressing the first strategy included
how to use self-tracking data, captured by a physical activity
monitor, to inform decisions about personal goals and
progress.

Measures

Self-reported demographic, fall risk [26], and clinical charac-
teristics were measured at baseline. Outcomes were measured
at all three time points. The primary outcome, quantity of
physical activity (duration) across domains (e.g., leisure time,
household chores), was assessed broadly, as the average
weekly minutes of total physical activity (light, moderate, vig-
orous intensities) using objective and self-report measures.We
chose this measure as our primary outcome because the Otago
protocol promotes four types of light and moderately intense
activities that can be practiced in structured or free-living con-
texts [10]. Also, many older adults prefer light over moderate
or vigorous activities and there is growing evidence that even
light intensity activities improve the health and well-being of
older adults [31]. The secondary outcome, functional strength
and balance, was assessed to confirm that increased physical
activity included exercises and movements targeting fall risk.
Measures of psychosocial constructs targeted by the interven-
tion were also captured at all three time points but are not the
focus of this report.

To assess the quantity of physical activity objectively, we
calculated participants’ average weekly minutes of total phys-
ical activity, captured by participants’ Fitbit OneTM confirmed

with average daily step counts. Recent evidence suggests that
the triaxial accelerometers and propriety algorithms within
Fitbit OneTM monitors provide accurate estimates of overall
energy expenditure among adults as well as step count among
older adults [32–36]. Correlations between objectively mea-
sured average weekly total physical activity and average daily
step count at baseline, immediately post-intervention, and
6 months post-intervention were r = .81, r = .81, and
r = .80, respectively. The Fitbit OneTM automatically classi-
fied each minute of device wear time as sedentary or active—
light, moderate (“fairly active”), or vigorous (“very active”)—
according to proprietary algorithms, which have been shown
to be valid for the Fitbit One among young adults [34].
Similarly, the Fitbit OneTM automatically counted steps, an-
other broad parameter of physical assessment, to confirm es-
timates of average weekly minutes of total physical activity.
All Fitbit OneTM data was captured wirelessly via Fitabase—a
research database used in this study to collect, store, manage,
and analyze physical activity data [37].

To assess the quantity of physical activity via self-report,
we used the Community Health Activities Model Program
for Seniors (CHAMPS), a short-term recall questionnaire.
This 50-item questionnaire yields information about the
type, intensity, frequency, and duration of physical activity
in which people have participated during a typical week,
over the last 4 weeks [38]. Frequency and duration sub-
scales have been shown to discriminate subpopulations
and have sensitivity to changes post-intervention [39]. The
summary CHAMPS score used in this study was average
weekly minutes of total physical activity, including those
categorized as light and moderate/vigorously intense [15,
38].

To assess participants’ functional strength and balance, we
used the Short Physical Performance Battery (SPPB). It is
comprised of standing balance, walking speed, and repeated
chair rises, each contributing 0–4 points to a total integer score
ranging from 0 to 12. Higher scores indicate higher levels of
functioning [12]. The gradient of resulting total scores is a
valid reflection of the variation in physical function among
older adult populations [40].

Procedures

The study was conducted between April 2014 and August
2015 in three waves: 16–40 participants per wave.
Individuals interested in the study underwent telephone
screening. If eligible, individuals were then invited to partici-
pate in a pre-intervention appointment during which they pro-
vided informed consent and were enrolled in the study.

Data collection at all three time points took place in two
phases by trained research assistants (RAs). During the first
phase, RAs conducted one-to-one interviews to collect data
and provide operating instructions for the physical activity
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monitors, which included access to a resource telephone num-
ber for troubleshooting assistance. Participants were called
24–48 h after this first baseline data collection appointment
to ensure any additional questions they had about the study or
monitor were addressed. After using the monitor for approx-
imately 1 week, the second phase of data collection began,
which focused on capturing the objective physical activity
data using methods consistent with procedures recommended
by experts in this field [41]. Research assistants instructed
participants to wear their physical activity monitors while
awake for seven consecutive days, to remove monitors only
for sleep or water-based activities, and to document the times
and days on which they wore the monitors [41]. After 7–10
days, RAsmet with participants to validate the number of days
and time each participant wore their monitor by reviewing the
participants’ documentation and checking the data. Days on
which participants did not wear the monitor, according to self-
report logs and Fitbit data, and hours in which there were 60
consecutive minutes of no activity data were considered
invalid.

Participants for whom screening revealed less than 3 days
of wear time [42] were asked to wear the monitor again, for
the next 7–10 days. This closely mirrors wear time validity
methods used in studies that use nonconsumer physical activ-
ity monitoring devices (e.g., Actigraph GT3X). Average days
worn at baseline, immediately post-intervention, and 6months
post-intervention were 6.10 (SD = 2.12), 6.59 (SD = 1.05),
and 6.46 (SD = 1.03), respectively. Average hours worn per
day at baseline, immediately post-intervention, and 6 weeks
post-intervention were 13.01 (SD = 1.87), 13.86 (SD = 1.09),
and 13.45 (1.29), respectively.

After the second phase of baseline data collection was com-
pleted, randomization to one of four conditions was conducted
using permuted blocks, 16–24 in size, according to enrollment
wave and community center. Randomization schemes, gener-
ated electronically, were stored in an encrypted and secured
electronic research file accessible but not editable by RAs.
Research assistants used the schema to inform participants
about the small group to which they were assigned, which also
reflected the condition to which they were randomized.
Because of the nature of the intervention and the logistics
required to schedule small group meetings, RAs were not
masked to randomization or small group assignments
(n = 20). However, RAs did not participate in any of the small
group intervention meetings.

The intervention was delivered by a board-certified ge-
rontological nurse practitioner (primary author) trained in
Otago and the behavior change strategies used in this
intervention. Delivery and receipt of weekly objectives
and activities were formatively assessed, reviewed, and
discussed during regularly scheduled research team meet-
ings to identify and correct drift from the intervention
procedures [43].

Analyses

The primary aim of this study was to detect intervention ef-
fects on changes in the quantity of physical activity assessed
immediately and 6 months post-intervention. Based on find-
ings from prior research, we assumed a medium effect size
(0.40) to estimate the sample size and then adjusted it based on
anticipated 15% attrition at 6 months. Thus, we estimated that
a sample size 100 would enable us to detect medium effects of
each set of behavior change strategies, as well as their inter-
action with 80 % power, under two-tailed hypothesis tests at a
significance level of 0.05.

Data were analyzed using SPSS 22. Objective physical
activity data was screened again for valid wear time: days on
which participants did not wear the monitor and hours in
which there were 60 consecutive minutes of no activity data
were considered invalid and thus excluded from analysis. The
quantity of physical activity was estimated by calculating the
sum and average daily minutes categorized by the physical
activity monitors (Fitbit One™), as active—including light,
moderate, and vigorous intensities. The average valid minutes
of physical activity per day were scaled to minutes per week,
units consistent with the self-report measure in our study.
Univariate analysis included descriptions of demographic,
clinical, and outcome variables; attendance and attrition; by
condition using means, standard deviations, and ranges for
continuous variables; counts/percentages for categorical vari-
ables; and graphs for visualization. Bivariate analysis included
between-group comparisons of baseline characteristics using
analysis of variance (ANOVA) for continuous variables and
chi-squared tests or Fischer’s exact test for categorical vari-
ables. Spearman’s rank correlation coefficients were calculat-
ed for average weekly total minutes of physical activity mea-
sured objectively and two other parameters: average total mi-
nutes of physical activity measured via self-report and average
daily step count.

All enrolled participants, regardless of how many inter-
vention meetings they attended, were included in the anal-
yses. Two participants, who withdrew from the study,
completed only a portion of the baseline physical activity
measures and were therefore not included in multivariate
analyses. Also, participants who were lost to follow-up or
had missing follow-up data, immediately or 6 months post
intervention, were not included in the multivariate analy-
ses because this number was small and not differential by
condition (see “Results”) [44]. We also analyzed physical
activity outcomes using intent to treat principles, by im-
puting worst-case values based on the assumption that
participants who withdrew or did not complete follow-
up physical activity measures, had declining conditions,
or decreased physical activity. This carryforward approach
procedure is considered to be very conservative [44, 45].
Complete case analysis and imputing worst-case values
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produced equivalent results; therefore, results from the
complete case analyses are included in this report.

Prior to multivariate analysis, checks were conducted to
ensure that there were no egregious violations of normality,
linearity, homogeneity of variances, or homogeneity of regres-
sion slopes. Because this intervention was delivered in small
groups (n = 20), we assessed whether there were similarities
between members within each small group. Interclass corre-
lations were calculated using variables that indicated small
group membership and the quantity of physical activity at
eachmeasurement time point, which revealed baseline, imme-
diately post-intervention, and 6 months post-intervention
values of .005, .003, and .005, respectively. We also assessed
effects of behavior change strategy sets and their interaction
over time using General Estimating Equation (GEE) models,
which enabled us to control for group membership. Results of
these GEE models were equivalent to results from analyses of
covariance (ANCOVA) models described in the following
paragraph and reported in the “Results” section.

Main effects of the interpersonal and intrapersonal behav-
ior change strategy sets on physical activity and their interac-
tion immediately post-intervention and 6 months post-
intervention were tested using 2 × 2 full factorial
(ANCOVA) models. Independent variables were receipt of
the interpersonal behavior change strategies (no, yes) and

receipt of the intrapersonal behavior change strategies (no,
yes). Dependent variables included physical activity measured
objectively and via self-report, as well as SPPB; baseline
values of each were used in respective ANCOVA models.
Results were expressed using estimatedmarginal mean chang-
es in outcomes by factor, all with corresponding SE. Cohen’s
d effect sizes were calculated with 95 % CI.

Results

The 102 community-dwelling older adults who enrolled in the
study were primarily White (75 %), women (75 %) with at
least some college education (70 %), and between the ages of
70 and 96 years (mean = 79, SD = 6.5). Differences in baseline
demographic, fall risk, clinical characteristics, and physical
activity were not statistically significant across conditions
(see Tables 2 and 3). Retention rates immediately and
6 months post-intervention were 95 and 93 %, respectively.
Data missing was due to participants who withdrew from the
study or refused to provide physical activity data during at
least one of the data collection periods. The number of
participants with physical activity data missing from at least
one time point was 11. Differences across conditions in
missing or incomplete primary outcome data were not

Table 2 Baseline demographic characteristics, fall risk, chronic conditions, and attendance, by condition

Otago protocol
Physical activity
monitor

Otago protocol
Physical activity monitor
Interpersonal
BCS

Otago protocol
Physical activity monitor
Intrapersonal
BCS

Otago protocol
Physical activity monitor
Interpersonal
BCS
Intrapersonal
BCS

P

Number of participants 25 25 25 27

Demographic variables

Age: mean (SD) 78 (6) 79 (6) 80 (8) 78 (5) .43

Female sex: n (%) 20 (80) 18 (72) 18 (72) 20 (77) .90

African American: n (%) 5 (20) 5 (20) 8 (32) 7 (27) .64

Caucasian: n (%) 20 (80) 20 (80) 17 (68) 19 (73) .58

Education attainment—HS+: n (%) 20 (80) 16 (67) 20 (83) 17 (68) .59

Fall risk and chronic conditions

>2 falls in last year: n (%) 5 (20) 7 (28) 5 (20) 6 (23) .94

Use of cane or walker: n (%) 9 (36) 6 (24) 7 (28) 9 (35) .77

Heart: n (%) 8 (32) 8 (32) 7 (28) 10 (39) .94

Diabetes: n (%) 6 (24) 7 (31) 7 (29) 8 (29) .79

Lung: n (%) 2 (8) 3 (12) 1 (4) 4 (15) .61

Arthritis: n (%) 19 (76) 13 (52) 15 (60) 22 (85) .07

Intervention attendance (total of 8 meetings)

Number of meetings: mean (SD) 6.9 (1.5) 7.1 (.8) 7.0 (1.3) 7.6 (1.5) .12

BCS behavior change strategies, p represents differences in variables across conditions, using Fischer’s exact test and χ2 for categorical variables, one-
way ANOVA for continuous variables
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statistically significant per Fischer’s exact test, p = .644.
There were no observable differences between participants
who withdrew from the study, compared to those who
completed the study. Figure 2 summarizes participant flow
and retention.

Intervention Attendance

On average, participants attended 7.2 (SD = 1.4) out of the
eight small group meetings. Attendance was not significantly
different across conditions, X2(3) = 2.02, p = .12 (see Table 2).

CONSORT Flow Diagram
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Enrollment

Lost to follow-up (n = 0)Lost to follow-up (n = 0)

Immediately post-intervention 

6 months’ post-intervention follow-up

Assessed for eligibility (n=145)

43 Participants Excluded
• Not meeting inclusion criteria (n=29)
• Declined to participate (n=11 )

• Other reasons (n=3)

Lost to follow-up (n=1)
Could not be located 

•Otago Protocol
•Physical Activity Monitor

Allocated (n = 25) 
Received (n = 24)
Did not receive (n = 1)

Withdrew (Illness)

102 Participants

Lost to follow-up (n = 2)
Discontinued the 
intervention

•Otago Protocol
•Physical Activity Monitor
•Interpersonal + 

Intrapersonal BCS
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Received (n = 26)
Did not receive (n = 1)

Withdrew (Schedule 
change)

•Otago Protocol
•Physical Activity Monitor
•Intrapersonal BCS

Allocated (n = 25)
Received (n = 25)
Did not receive (n = 0)

•Otago Protocol
•Physical Activity Monitor
•Interpersonal Behavioral 

Change Strategies (BCS)

Allocated (n=25)
Received (n = 25)
Did not receive (n = 0)

Lost to follow-up (n=1)
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Lost to follow-up (n = 0)

Lost to follow-up (n=1)
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Analyses
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Lost to follow-up (n=1)   
Missing physical activity

data (n=2)
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Lost to follow-up (n=3)   
Missing physical activity
data (n=1)
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Missing physical activity 
data (n=1)

Lost to follow-up (n=0)

Fig. 2 Consort flow diagram
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The most common reason for missing a meeting was acute
illness or exacerbation of chronic illness, followed by compet-
ing social events and obligations.

Overall Changes in Physical Activity over Time

Overall, not controlling for condition, participants’ average
minutes of total physical activity increased over time accord-
ing to (a) our objective measure,F (1, 91) = 5.29, p = .02, such
that immediately post-intervention and 6 months post-
intervention mean increases in average weekly minutes of
total physical activity were 136 and 103 min, respectively,
and (b) our self-report measure (F (1, 95) = 11.71, p = .001),
such that immediately post-intervention and 6 months post-
intervention increases in minutes were 181 and 358 min, re-
spectively. Correlations between objective and self-report es-
timates of average weekly total physical activity (light, mod-
erate, and vigorous intensities) at baseline, immediately post-
intervention, and 6 months post-intervention were r = .23,
r = .20, and r = .18, respectively.

Interpersonal and Intrapersonal Behavior Change
Strategies: Effects on Physical Activity

Table 3 presents the unadjusted means of average weekly
minutes of total physical activity, by condition. Results of
ANCOVA models are summarized for the main effects and
interactions of two sets of behavior change strategies, in-
terpersonal and intrapersonal, on the quantity of total phys-
ical activity immediately and 6 months post-intervention,
measured objectively (physical activity monitor) and via
self-report (CHAMPS).

ObjectivelyMeasured Physical Activity Immediately Post-
intervention Participants who received the interpersonal be-
havior change strategies increased their total physical activity
immediately post-intervention more than those who had not
received these strategies: mean difference = 189min (SE = 71)
per week, F (1, 97) = 7.09, p = .006 (see Fig. 3). Cohen’s effect
size for this effect was d = 0.49, 95 % CI [.08 to .89].
Participants who received intrapersonal behavior change strat-
egies increased their physical activity 27 min (SE = 71) per
week more than those who had not received these strategies,
but this was neither substantively or statistically significant (F
(1, 97) = .05, p = .83; d = .17, 95 % CI [−.22 to .57] (see
Fig. 4). The interaction between the sets of interpersonal and
intrapersonal behavior change strategies on objectively mea-
sured physical activity, immediately post-intervention, was
not significant (F (1, 97) = .99, p = .32).

Objectively Measured Physical Activity 6 Months Post-
intervention Participants who received interpersonal behav-
ior change strategies increased their physical activity 6months
post-intervention more than did those who had not received
these strategies: mean difference = 180 min (SE = 90) per
week, F (1, 91) = 4.03, p = .048 (see Fig. 3). Cohen’s effect
size for this effect was d = 0.36 (95 % CI [.06 to .77]).
Participants who received intrapersonal behavior change strat-
egies increased their physical activity 97 min (SE = 91) per
week more than did those who had not received these strate-
gies, but again this difference was not statistically significant
(F (1, 91) = 1.15 p = .29, d = 0.01, 95 % CI [−.40 to .42]) (see
Fig. 4). The interaction between the sets of interpersonal and
intrapersonal behavior change strategies on objectively mea-
sured physical activity, 6 months’ post-intervention, was also
not significant (F (1, 91) = .30, p = .58.

Table 3 Primary outcome: physical activity duration captured via physical activity monitor (Fitbit OneTM) and CHAMPS self-report questionnaire

Physical Activity Duration

Condition Data source Baseline Immediately
post-intervention

Mean (SD)

6 months
post-intervention

Otago protocol + physical activity monitor Physical activity monitor 1212 (561) 1200 (530) 1193 (690)

CHAMPS 2642 (1182) 2706 (1017) 2768 (1031)

Otago protocol + physical activity
monitor + interpersonal BCS

Physical activity monitor 1204 (491) 1454 (756) 1321 (640)

CHAMPS 2216 (855) 2409 (964) 2787 (1174)

Otago protocol + physical activity
monitor + intrapersonal BCS

Physical activity monitor 988 (424) 1065 (528) 1069 (363)

CHAMPS 1874 (1004) 2371 (919) 2680 (1235)

Otago protocol + physical activity
monitor + interpersonal + intrapersonal BCS

Physical activity monitor 1182 (450) 1374 (529) 1448 (650)

CHAMPS 2394 (729) 2509 (991) 2501 (955)

BCS behavior change strategies,CHAMPSCommunity Health Activities Model Program for Seniors physical activity questionnaire used to capture self-
reported active minutes, Physical Activity Duration average minutes of total physical activity (sum of light, moderate, vigorous intensities)

384 ann. behav. med. (2017) 51:376–390



Self-Reported Physical Activity Immediately Post-in-
tervention Immediately post-intervention, participants
who received interpersonal behavior change strategies re-
ported 41 fewer minutes (SE = 161) of physical activity
per week than participants who had not received these
strategies, but these differences were not significant (F
(1, 97) = .06, p = .80. Similarly, participants who received
intrapersonal behavior change strategies reported 15 fewer
minutes (SE = 162) of physical activity per week, than
participants who had not received these strategies, but
these differences were not significant (F (1, 97) = .008,

p = .93). The interaction between the sets of interpersonal
and intrapersonal behavior change strategies on self-
reported physical activity was also not significant (F (1,
97) = .07, p = .79).

Self-Reported Physical Activity 6 Months Post-interven-
tion Participants who received interpersonal behavior
change strategies reported 11 more minutes (SE = 200)
of physical activity per week, 6 months post-intervention
than participants who had not received these strategies,
but these differences were not significant (F (1,
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95) = .003, p = .96). Participants who received intraper-
sonal behavior change strategies reported 125 fewer mi-
nutes (SE = 202) of physical activity per week than
participants who had not received these strategies, but
these differences were not significant (F (1, 95) = .38,
p = .54). The interaction between the interpersonal and
intrapersonal sets of behavior change strategies on self-
reported physical activity was also not significant (F (1,
95) = 2.39, p = .13).

Interpersonal and Intrapersonal Behavior Change
Strategies: Effects on Functional Strength and Balance
Immediately and 6 Months Post-intervention

Table 4 presents the functional strength and balance assess-
ment parameters (SPPB scores) by condition. Participants
who received interpersonal behavior change strategies, com-
pared to those who did not, showed significant increases in
their SPPB immediately post-intervention (mean = .80;
SE = .30), F (1, 97) = 6.9, p = .01 and 6 months post-
intervention (mean = 1.11; SE = .36), F (1, 95) = 9.3,
p = .003. However, participants who received intrapersonal
behavior change strategies, compared to those who did not,
showed no significant increases in SPPB immediately post-
intervention (mean = 0.10; SE = .30), F (1, 97) = .12, p = .73
or 6 months post-intervention (mean = 0.07; SE = .37), F (1,
95) = .04, p = .85. The interaction between the interpersonal
and intrapersonal sets of behavior change strategies on SPPB
was also not significant at either time point.

Discussion

This is the first study to assess the unique and joint contribu-
tions of two distinct sets of behavior change strategies, inter-
personal and intrapersonal intervention, on community-

dwelling older adults’ physical activity, when combined with
core content of an evidence-based physical activity protocol
and a physical activity monitor. The results revealed that par-
ticipants who received interpersonal behavior change strate-
gies increased their average minutes of total physical activity
(light, moderate, and vigorous intensities), measured objec-
tively, from baseline to immediately post-intervention approx-
imately 3 hour per week more than participants who had not
received these strategies. These increases in physical activity
were maintained for up to 6 months post-intervention.
However, the provision of intrapersonal behavior change
strategies had no significant effect on the quantity of physical
activity at either time point. Also, interactions between the
interpersonal and intrapersonal behavior change strategies
were not significant at either time point. Finally, although
significant increases in self-reported physical activity were
observed over time, there were no significant variations ob-
served in these increases by condition, and correlations of the
two types of physical assessment were positive but weak.

Findings suggest that interpersonally oriented behavior
change strategies, in particular, can enhance the effects of an
evidence-based physical activity protocol for older adults.
Prior research examining the effects of such strategies on older
adults’ physical activity is mixed and limited to social support.
A recent literature review designed to assess relationships be-
tween intervention behavior change strategies [4]—coded ac-
cording to the CALO-RE behavior change technique taxono-
my [46]—and physical activity outcomes concluded that
planning for social support did not elicit increased physical
activity. There are several possible explanations for the differ-
ence between our findings and those reported in this review.
One is that intervention delivery in our study was to small
groups, whereas the delivery in other studies may have been
during individual coaching sessions. Another possible expla-
nation is that we implemented interpersonal strategies beyond
social support; specifically, we promoted friendly

Table 4 Secondary outcomes:
functional balance and strength
captured via total SPPB scores
(0-12)

Total SPPB score (0–12)

Condition Baseline Immediately
post-intervention

Mean (SD)

6 months
post-intervention

Otago protocol + physical activity
monitor

8.5 (2.3) 8.8 (2.0) 8.6 (2.7)

Otago protocol + physical activity
monitor + interpersonal BCS

8.6 (2.4) 9.0 (2.3) 9.1 (2.6)

Otago protocol + physical activity
monitor + intrapersonal BCS

7.9 (2.2) 7.7 (2.8) 7.4 (3.4)

Otago protocol + physical activity
monitor + interpersonal BCS +
intrapersonal BCS

8.4 (2.5) 9.3 (2.0) 9.4 (2.3)

BCS behavior change strategies, SPPB Short Physical Performance Battery total scores ranging from 0 (no
observed functional strength or balance) to 12 (no functional changes in strength and balance)
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noncompetitive social comparison as well as group-based
problem-solving of social and environmental barriers to phys-
ical activity. Finally, it may be that results of the review were
influenced by one or more of the common challenges associ-
ated with identifying active intervention ingredients in a com-
pilation of randomized controlled trials designed to test the
effects of intervention packages. These challenges include
the overestimation of behavior change technique codes; con-
founding from other variables such as how well the interven-
tion was delivered; and clustering effects, such that effective
techniques combined with ineffective techniques may appear
ineffective simply due to this joint delivery. Such challenges
validate the need to examine strategies and sets thereof using
experimental designs [3, 4].

Prior descriptive research also suggests older people prefer
physical activity programs that offer opportunities to connect
and interact with peers [47–49]. Such descriptions are congru-
ent with socioemotional selectivity theory, which predicts that
among older adults meaningful social connections are likely
driven by goals that are emotionally satisfying such as the
exchange of knowledge and expertise with peers in ways that
enhance one’s ability to maintain age-related gains, offset age-
related declines, and enhance personal well-being [50].
Considering prior research, life span developmental theory,
and our findings, it will be important to explore further if
and how interpersonally oriented behavior change strategies
motivate older adults’ physical activity and the effects of these
strategies on sustaining physical activity, fall occurrence, and
the quality of life.

In this study, findings suggest that intrapersonally ori-
ented behavior change strategies do not significantly in-
crease the effects of an evidence-based physical activity
protocol. Prior research evaluating intrapersonally orient-
ed behavior change strategies that are similar to those
used in this study show mixed results. For example,
two recent interventions that integrated physical activity
monitors with exercise prescriptions and counseling did
not elicit increased physical activity in older adults [51,
52]. Conversely, recent literature reviews suggest that
certain intrapersonally oriented strategies such as barrier
identification, problem-solving, and feedback are associ-
ated with greater intervention effects on physical activity
[4, 5]. Considering our results and prior research, there
may be value in further pursuing hypotheses that certain
intrapersonal behavior change strategies, delivered to-
gether with interpersonal behavior change strategies, help
to sustain physical activity.

In summary, although both sets of behavior change strate-
gies that are interpersonally and intrapersonally oriented have
the potential to increase older adults’ physical activity, in this
study, only interpersonally oriented behavior change strategies
yielded meaningful benefit. These results highlight the impor-
tance of experimentally evaluating the differential effects of

behavior change content within evidence-based physical ac-
tivity protocols. Results indicate that effects of meaningful
magnitude may occur, by receipt of specific sets of behavior
change strategies, effects that would not have been discernible
had the factorial experimental design not been used [25]. If
this study is replicated and extended to include follow-up
times of 12 months or greater, as well as measures of falls
and quality of life, findings will enable the selection of behav-
ior change strategies to strengthen existing physical activity
interventions designed for older adults. This approach is con-
sistent with the MOST framework that guides the develop-
ment of interventions to achieve the greatest public health
benefit by ensuring they are effective, as well as efficient
and sustainable [24, 25].

Consistent with prior research, results from objective
and self-report measures in this study showed that 85 %
of the physical activity performed by participants was
light intensity [31, 53], and correlations between the mea-
sures were positive but weak [14, 15, 39, 54]. Although
general public health goals are to increase older adults’
minutes of moderate and vigorously intense physical ac-
tivity, increasing minutes of light intensity activity also
confers benefits [31, 55]. Most participants in this study
reported physical activity quantities that were higher than
what was measured objectively and reported increased
physical activity post-intervention, compared to pre-inter-
vention, regardless of condition assignment. This finding
may reflect a limitation in the sensitivity of self-report
measures to detect differences post-intervention between
experimental conditions that all include a physical activity
protocol. The sensitivity of CHAMPS has been demon-
strated in prior studies comparing study participants ex-
posed to a physical activity program versus a control
group [38] but not in studies similar to ours, where all
conditions include the same physical activity protocol.
Also, our findings may reflect recall bias, such that par-
ticipants either over- or underestimated the quantity of
their physical activity [13, 15]. Findings that objective
and self-report physical activity measures were weakly
correlated confirm the importance of including objective
measures in future intervention research and support on-
going efforts to advance the development of physical ac-
tivity assessment strategies.

Objective measures of physical activity provided
evidence that participants who received interpersonal
behavior change strategies increased their total quantity
of physical activity, confirmed with assessments of
functional strength and balance. This approach addressed
our fundamental question—if physical activity, as a
proximal outcome, can be increased among older adults
to make an impact on distal health outcomes (e.g., fall
risk and occurrence). Our assumption, based on emerging
evidence, is that the impact made by evidence-based
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protocols on distal health outcomes is dependent on their
ability to increase physical activity. Results from prior re-
search suggest physical activity of all intensities, practiced
in structured or free-living contexts, benefits older adults
[31, 55]. Measuring the quantity of total physical activity,
confirmed with assessments of functional strength and bal-
ance, was a practical way to capture the participants’ en-
gagement in all four types of physical activity promoted
and individualized by Otago, the evidence-based protocol
used in this study.

The magnitudes of observed changes in total physical ac-
tivity, as well as assessments of functional strength and bal-
ance measured (SPPB), were relatively small but clinically
important. The increase in average daily step count among
participants who received the set of interpersonal behavior
change strategies was approximately 1000 steps, consistent
with prior intervention research that suggests changes as small
as 620 steps per day can be important [5]. The increase in
average SPPB among participants who received the set of
interpersonal change strategies ranged from 0.4 to 1.0, consis-
tent with research that suggests changes in total SPPB scores
ranging from 0.4 to 1.5 are clinically substantial [56].

Limitations

Our study has several limitations. First, the sample size,
coupled with the large variability in the primary outcome
of physical activity, limited the ability to make precise
estimates of effect sizes and to detect small effects.
Second, fall rates were not measured in this study. This
study’s small sample size and 6 month post-intervention
follow-up period prohibited the accurate estimation of fall
rates. In the future, it will be important to measure falls
and confirm previous research findings that suggest in-
creased physical activity is associated with reduced fall
rates. Finally, the generalizability of our findings is limit-
ed, as the proportion of women participants was higher in
our study than the US population, 75 versus 67 %, respec-
tively, and the proportion of participants with college de-
grees was higher than in the US population, 46 versus
26 %, respectively [57].

Conclusion

Suboptimal physical activity levels among older adults
contribute to significant public health problems, such as
falls. Thus, it is essential to augment what is known—
types and doses of physical activity recommended to im-
prove the health of older adults—with what is not
known—behavior change strategies that motivate older
adults to increase their physical activity. This study dem-
onstrates the feasibility of separating behavior change

strategies into two distinct sets, representing two different
ways of motivating people to take action: interpersonal
and intrapersonal. Results suggest that receipt of interper-
sonal strategies, but not intrapersonal strategies, in com-
bination with an evidence-based physical activity protocol
and a monitor, can lead to increased physical activity
among older adults for up to 6 months post-intervention.
These findings provide initial evidence for the importance
of interpersonal behavior change strategies to motivate
older adults’ physical activity. Future research should in-
vestigate the psychosocial processes through which in-
creased physical activity occurs, if our findings are repli-
cable, and whether interpersonal behavior change strate-
gies—delivered singly or jointly with intrapersonal behav-
ior change strategies—contribute to sustained physical ac-
tivity (e.g., 12 months post-intervention), reduced falls,
and quality of life.
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