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Abstract

Objective—Internet-based physical activity (PA) interventions have shown promise, although
findings remain equivocal. We used formative research to enhance a previously demonstrated
program (Step into Motion) with the goal of developing an Internet program poised for
dissemination.

Methods—We conducted focus groups to identify Internet features targeted to theoretical
constructs (social cognitive theory) predictive of PA behavior and rated as “useful for increasing
PA.” We identified 5 theory-targeted Internet features as useful for increasing PA: (1) a PA
tracking/logging calendar targeting self-monitoring and goal setting; (2) geographic mapping tools
targeting perceived environment; (3) a discussion forum targeting social support; (4) exercise
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videos targeting observational learning; and (5) regular updates of peer PA progress targeting
situation. We then tested the efficacy of the enhanced program (enhanced Internet, EI; V= 25) in
relation to publicly available PA Websites (standard Internet, SI; A/=28) among 53 participants in
a randomized controlled trial.

Results—The EI arm increased PA in relation to the SI arm at 3 months (18.4 to 186.0 min/wk
vs. 20.9 to 57.3 min/wk; p = .03) but between-groups differences were not observed at 6 months
(176.8 vs. 133.5 min/wk; p=.44). El participants maintained PA from 3 to 6 months (186.0 to
176.8 min/wk), and the Sl group increased PA (57.3 to 133.5 min/wk).

Conclusion—The EI program was efficacious at improving PA levels in relation to publicly
available Websites initially, but differences in PA levels were not maintained at 6 months. Future
research should identify Internet features that promote long-term maintenance.
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Physical inactivity has been identified as one of the leading preventable causes of death and
all-cause mortality (Mokdad, Marks, Stroup, & Gerberding, 2004) and has been cited as the
biggest public health problem of the 21st century (Blair, 2009). The U.S. Department of
Health and Human Services recently issued the first comprehensive set of federal guidelines
for physical activity (PA; U.S. Department of Health & Human Services, 2008), which state
that all asymptomatic healthy adults should accumulate at least 150 minutes of moderate-
intensity PA per week for health benefits. Despite these recommendations and the known
benefits of regular PA, only 49% of U.S. adults are achieving these guidelines (National
Center for Chronic Disease Prevention and Health Promotion, 2007), supporting a need for
evidence-based PA interventions. Although face-to-face interventions are known to be
successful in promoting PA (Dunn et al., 1999a), they are plagued with numerous barriers to
participation, including participant transportation needs, time requirements, and high cost of
delivery. Non-face-to-face interventions, including those delivered via the Internet, address
many of these participation barriers through remote delivery and by emphasizing home-
based, lifestyle activities (Marcus et al., 1998; Marcus, Napolitano, et al., 2007b).

Recent data indicate 77% of the U.S. population (231 million) uses the Internet (Pew
Internet, 2008). Internet use is independent of age (92% of 18-year-olds online; 72% of 64-
year-olds online), gender (76% of men and 74% of women), and race/ethnicity (76% of non-
Hispanic Whites, 60% of African Americans, and 56% of Hispanics online) (Pew Internet,
2009). A study found that 8 of 10 Internet users look for health information online (Rees,
2005), and the number of those seeking exercise specific information online has increased
dramatically from 36% in 2002 to 52% in 2008 (Pew Internet, 2008). The widespread use of
the Internet suggests it to be a cost-effective way to reach large populations for the purpose
of health promotion. In a recent study by Lewis et al., the Internet was shown to be a more
cost-effective channel for delivering physical activity intervention materials to large
populations (>352 people) when compared with print materials (B. A. Lewis, Williams,
Neighbors, Jakicic, & Marcus, 2010). Therefore, because of its potential for non-face-to-face
delivery, interactivity, wide reach, and cost-effectiveness, the Internet may be an ideal
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channel for delivering PA interventions designed for widespread dissemination (Mummery,
Schofield, Hinchliffe, Joyner, & Brown, 2006).

Evidence-based PA interventions delivered via the Internet are highlighted as a specific
strategy for improving public health in the recently released National Physical Activity Plan
(National Physical Activity Plan, 2009). Thus far, Internet-based PA interventions have
shown promise for increasing PA; however, the findings remain equivocal (Marcus, Ciccolo,
& Sciamanna, 2008; Vandelanotte, Spathonis, Eakin, & Owen, 2007; Webb, Joseph,
Yardley, & Michie, 2010). Although previous Internet PA studies have demonstrated modest
effect sizes for increasing PA within groups across time (Webb et al., 2010), others have not
found significant differences between groups. For example, in our Step into Motion
(Marcus, Lewis, Williams, Whiteley, et al., 2007) trial, a motivationally tailored, theory-
based individualized feedback intervention delivered via the Internet (tailored Internet) led
to significant increases in moderate to vigorous PA of 141 minutes/week (min/wk) at month
6 and 105 min/wk at month 12; however, the intervention did not outperform our tailored
print (same content delivered via print) or standard Internet (six reputable publicly available
PA promotion Websites) arms (Marcus, Lewis, Williams, Dunsiger, et al., 2007). Although
between-groups differences were not observed, the number of Website logins among the
tailored Internet arm over 12 months was positively associated with greater PA at 12 months
(B. Lewis et al., 2008). Additionally, constructs from social- cognitive theory (SCT;
Bandura, 1997) that were measured but not targeted in the tailored Internet intervention—
including self-monitoring, perceived environment (Ries, Dunsiger, & Marcus, 2009),
outcome expectations, social support, and enjoyment—were predictive of increased PA at 12
months. As it is related to the behavior of physical activity, SCT suggests self-regulatory
skills (e.g., tracking PA behavior via step logs) mediate an individual's self-efficacy and
outcome expectations for PA behavior. SCT also supports implementing an element of social
support to enhance the process of PA behavior change (Baranowski, Perry, & Parcel, 2002).

Overall, there have been too few clinical trials showing differences in lifestyle PA behavior
when comparing intervention and control groups; and the majority of past Internet PA
studies have been limited by approaches that require at least one face-to-face visit (Jenkins,
Christensen, Walker, & Dear, 2009), limiting the potential reach of the Internet channel of
delivery. Of the few Internet PA studies that have used non-face-to-face delivery to date,
only two have demonstrated improvements in PA over a wait-list control group (Napolitano
et al., 2003; Plotnikoff, McCargar, Wilson, & Loucaides, 2005). We are not aware of any
published non-face-to-face Internet PA studies showing between-groups differences when
using a contact control group (Jenkins et al., 2009). Therefore, little is known about whether
Internet approaches delivered in a completely non-face-to-face format that require no in-
person visits can instill positive changes in PA behavior when compared to publicly
available programs. Evidence from other behavior change fields (e.g., weight management,
smoking cessation, stress reduction, blood glucose control, reducing alcohol consumption)
suggests that utilization of technologically advanced, low-cost, non-face-to-face Internet-
delivered programs can be effective for behavior change (Graham, Cobb, Raymond, Sill, &
Young, 2007; Petersen, Sill, Lu, Young, & Edington, 2008).
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Few Internet PA interventions have used formative-based approaches such as focus groups
for informing intervention development (Ferney & Marshall, 2005). Few Internet PA studies
have used Internet features targeted specifically to theoretical constructs known to predict
PA behavior (Marcus et al., 2008). To develop effective strategies for increasing PA via the
Internet, it is critical to identify specific Internet features that have the greatest potential for
increasing PA in both the short and long term. Recently, Anderson-Bill et al. tested whether
SCT constructs were predictive of PA behavior in an online, SCT-based intervention
program known as Guide to Health. The authors demonstrated that program user's perceived
social support, use of self-regulatory behaviors, and self-efficacy were predictive of physical
activity levels (Anderson-Bill, Winett, & Wojcik, 2011), and in a longitudinal model,
improvements in the same constructs strongly predicted improved PA levels (Anderson-Bill,
Winett, Wojcik, & Winett, 2011). This work illustrates the importance of identifying Internet
features that are both appealing to users and based on theoretical constructs known to predict
PA behavior (Hawkins, Kreuter, Resnicow, Fishbein, & Dijkstra, 2008; van den Berg et al.,
2007).

The present study sought to address specific limitations of our past study by using formative
data to enhance a previously demonstrated Internet PA program (Step into Motion). The aim
of this study was to test the efficacy of the newly enhanced Internet (EI) intervention in
relation to six reputable, publicly available PA promoting Websites (standard Internet, Sl),
which have been demonstrated to increase PA and successfully retain participants in our
previous trial (Marcus, Lewis, Williams, Whiteley, et al., 2007), for improving PA behavior
in previously sedentary adults. We hypothesized that the EI arm would increase their PA
levels in relation to the SI group at both 3 and 6 months.

Focus Groups

We conducted three focus groups using a nominal group technique (Stewart, Shamdasani, &
Rook, 2007) with a convenience sample of 17 participants (41.7 + 10.4 years of age, 91%
female, 91% White, 68% married, 55% with an income of at least $50,000 per year). The
goals of these focus groups was to identify Internet features rated as “useful for improving
PA” by the participants. Internet features that targeted social cognitive theory (SCT)
constructs found to predict PA adoption in two previous clinical PA trials were reviewed
(Marcus, Lewis, Williams, Dunsiger, et al., 2007; Marcus, Napolitano, et al., 2007b).
Interested participants were first e-mailed a link to prototypes of the Internet features 1 week
prior to the focus group and asked to become familiar with the features. Participants then
took part in a 90-min focus group discussing likes and dislikes of several identified Internet
features. Participants then rank-ordered the features that they felt would be “most useful for
increasing their PA.” We then added the highest-rated features to our EI Website: (1) an
interactive logging feature targeting self-monitoring and goal setting in which participants
logged their PA minutes into a calendar and set goals; (2) a geographic mapping tool
targeting the perceived environment; (3) an “Ask the Expert” question-and-answer forum
targeting social support; (4) exercise videos targeting observational learning; and (5) regular
updates of peer PA progress targeting situation. All experimental protocols were approved
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by the Institutional Review Board for projects involving human subjects at Life Span/
Miriam Hospital and Brown University in Providence, Rhode Island.

Intervention Design and Recruitment

To test the efficacy of our newly created EI Website in relation to six publicly available PA
Websites, we recruited healthy, sedentary (achieving less than 60 min of moderate-to-
vigorous physical activity per week) men and women between the ages of 18 and 65 years
who had access to an Internet-connected computer. Participants across three different states
(Rhode Island, Massachusetts, and Connecticut) were passively recruited through Internet
advertisements posted on Craigslist. Exclusion criteria included the following: (1)
ambulatory/exercise limitations; (2) any overt, complicated, or acute cardiovascular,
metabolic, respiratory, or neurological diseases as assessed by medical history; (3) current or
planned pregnancy; (4) hospitalization from any physical or mental disorder in the past 6
months; (5) taking medication that may impair PA tolerance or performance (e.g., beta
blockers); (6) participation in any of our previous PA trials; and (7) lack of access to an
Internet connected computer. Eligibility was assessed on the basis of a standardized
telephone interview. Individuals willing to participate in the study read and signed an
electronic informed consent document approved by the Brown University and Life Span
institutional review boards.

A total of 527 individuals responded to our advertisements of which 461 were deemed
ineligible to participate. Of the 461 participants deemed ineligible, 60 were excluded for
either non-responsiveness (V= 35) or declining to participate (A= 25). The remaining 401
participants were deemed ineligible for being too active (N = 341) or for medical reasons (N
= 52) including high body mass index (BMI), ambulatory limitations, asthma, stroke,
pregnancy, and contraindicated medications. Eight participants were excluded for other
reasons including lack of computer access and participation in a previous study. A total of 66
eligible people agreed to participate and were randomized to one of two groups: (1)
enhanced Internet (El; AV= 32) or (2) standard Internet (SI; V= 34). However, 13 of the 66
participants were deemed ineligible after randomization for reasons of lack of providing
necessary medical clearance (V= 6) and cross-contamination (V= 7) (see Figure 1).
Specifically, a subgroup of participants mistakenly received one e-mail message directed at
the opposite study arm during Week 1 of the intervention resulting in cross-contamination.
These messages, though not substantive, introduced participants to group-specific details of
the opposite study arm, and thus these participants were removed from the final data
analysis. In summary, our study sample consisted of 53 participants with 25 randomized to
the EI arm (80.0% women; age = 38.5 + 13.1 years; BMI = 31.4 + 1.1 kg/m?) and 28
randomized to the Sl arm (71.4% women; age = 36.8 + 11.1 years; BMI = 31.0 + 0.7 kg/m?)
(see Table 1). A total of 22 El participants and 26 Sl participants completed the 6-month
assessment. Overall, more than half of all participants were college educated, and more than
80% reported being non-Hispanic/White. Participants were enrolled and completed all
testing sessions between February 2010 and February 2011. We did not observe differential
drop-out between the two groups. Although sample sizes were too small to statistically test
for differences between dropouts and completers, exploratory analyses did not detect any
meaningful differences between these samples.
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The primary outcome for this study was PA behavior as assessed by the 7-day Physical
Activity Recall (PAR; Blair et al., 1985; Sallis et al., 1985). The PAR has been used in
numerous studies that have demonstrated its reliability and validity (Pereira et al., 1997), and
there is substantial evidence that the PAR is sensitive to change in PA interventions trials
(Dunn et al., 1999b; Marcus, Lewis, Williams, Dunsiger, et al., 2007; Marcus, Napolitano, et
al., 2007a). The 7-day PAR was administered over the telephone, by the same, certified
interviewer at baseline, 3 months, and 6 months. Participants in the EI arm completed
monthly Internet questionnaires assessing Self-Efficacy (Marcus, Selby, Niaura, & Rossi,
1992) Decisional Balance (Marcus, Rakowski, & Rossi, 1992), Behavioral/Cognitive
Processes of Change (Marcus, Rossi, Selby, Niaura, & Abrams, 1992), and Outcome
Expectations for Exercise (Resnick, Zimmerman, Orwig, Furstenberg, & Magaziner, 2000).
Data from these questionnaires were used to generate automated motivationally targeted
(TTM) feedback reports addressing specific barriers to PA. Participants randomized to the SI
arm completed monthly questionnaires focused on non-PA related health topics (e.g.,
nutrition, health screens) to control for the number of contacts between the participants and
the research staff between the two conditions. Participants in both groups were given a $10
incentive for completing monthly questionnaires and $25 incentives for completing the 3-
month and 6-month assessments. The study Web developers provided Webuse data that
objectively monitored participants' use (e.g., logins) of the Website. At 3 months,
participants randomized to the EI arm completed a questionnaire designed to assess
participant's perception of each Internet feature's helpfulness for increasing his or her PA.
This questionnaire was based on a 5-point Likert scale (1 = not at all useful. 2 = a little
useful: 3 = moderately useful. 4 = quite useful. 5 = extremely useful).

Arms

We used a block randomization procedure with random-sized blocks (2— 6) to assign
participants to treatment arms. The randomization scheme was developed using MATLAB
R2008h. On the basis of the randomization schedule, we created sequentially numbered
envelopes that included treatment assignments. Envelopes were signed and sealed to ensure
confidentiality. A research assistant who was unaware of the randomization schedule opened
the envelopes at the time of enrollment and informed each participant his or her treatment
assignment. Immediately following group assignment, participants were sent an e-mail with
a URL address to the study homepage as well as a username and password to enter their
group-specific Website. Participants were explained their study responsibilities and received
training in navigating their group-specific Websites. A separate research assistant remained
unaware of participant treatment assignment and was responsible for all primary and
secondary data collection.

Enhanced Internet (EIl)

Participants randomized to the EI arm were given a long-term goal of accumulating a
minimum of 150 min of moderate intensity PA each week in continuous bouts of at least 10
min in duration. Participants were educated on how to assess the intensity of their PA
through monitoring their rating of perceived exertion (RPE; Borg, 1982) and heart rate. El
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group participants were given access to our newly developed Website, which was an
enhanced version of our previously demonstrated Step into Motion Website. As a carry-over
component of the Step into Motion Website, El participants received immediate,
individually tailored, motivational (TTM) PA messages generated by a computerized expert
system after completing monthly online questionnaires (Marcus, Lewis, Williams, Whiteley,
et al., 2007). The reports provided information consisting of preplanned counseling
messages written by doctoral-level psychologists who have experience in health behavior
change. The messages targeted participants' barriers to and expected benefits from PA in
addition to reinforcing successful use of strategies for PA adoption. These materials were
matched to the individual's Stage of Motivational Readiness for PA adoption.

In addition to the feedback reports, the EI Website included the five SCT-influenced Internet
features identified as most useful by participants in the focus groups (see Table 2). For
example, participants were able to access the geographic mapping tool, which allowed
participants to create, save, and print local online walking/biking paths. Several features
were updated regularly in order to model the dynamic nature of the Internet by providing
users with new and engaging content to promote increased logins throughout the 6-month
intervention period. New answers to participant questions related to PA were posted weekly
through an online Ask the Expert question-and-answer forum and regular updates were
provided regarding participant's peer PA progress (e.g., “Participants reported an average of
85 minutes of moderate intensity PA this week.”).

From the homepage, participants were able to access all Internet features and were
encouraged to access these features on a regular basis. El participants were e-mailed regular
prompts (e.g., weekly during Month 1, biweekly during Months 2-3, and monthly during
Months 4 — 6), reminding them to access the Website. Participants were asked to record their
PA on the Website daily by logging the number of minutes of moderate intensity PA or daily
steps that they had completed. Participants were mailed a pedometer to assist in step
monitoring. These data were summarized in an interactive tracking calendar that provided
feedback on individual progress.

When examining Website use (e.g., number of unique days with at least one login), the El
group logged on an average of 18.3 times over the first 3 months and a total of 32.3 times
over the entire 6-month intervention. When asked to rate the helpfulness of each of the
newly added Internet features for increasing his or her PA on a 5-point Likert scale at Month
6, El participants (V= 21) rated the geographic mapping feature targeting perceived
environment (M= 3.67) and the PA tracking calendar (3.52) as moderately to quite helpful,
and rated the discussion forum (2.81), peer updates (2.74), and exercise videos (2.53) as
little to moderately helpful.

Standard Internet (SI)

Participants randomized to the SI arm received access to a list of six reputable, publicly
available PA-promoting Websites that have been demonstrated to increase PA and
successfully retain participants in one of our previous trials (Marcus, Lewis, Williams,
Whiteley, et al., 2007). The six Websites included the following: (1) the American Heart
Association; (2) Shape Up America; (3) the Mayo Clinic; (4) American Academy of Family
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Physicians; (5) American Council on Exercise (ACE); and (6) American College of Sports
Medicine (ACSM) (see Table 3). We selected these six Websites on the basis of the
following criteria: (1) no cost to the participant; (2) easily accessible; (3) operational for at
least 5 years; and (4) included accurate and useful information regarding PA promotion. In
order to track Website use of the SI arm, participants were asked to access the six Websites
by first logging onto the study homepage, which contained links to the Websites. The SI arm
received regular e-mail prompts on the same schedule and for the same period of time as did
those in the EI arm. Participants were provided unlimited access to the SI Website
throughout the 6 months of the study.

When examining SI Website use, the SI group logged on an average of 5.3 times over the
first 3 months and a total of 9.4 times over the entire 6-month intervention. However,
because of the use of external and publicly available Websites, we may have been unable to
accurately track Sl participant's login frequency.

Statistical Analyses

Results

To assess potential between-groups differences in baseline characteristics, we used analysis
of variance (ANOVA) for continuous outcomes and chi-squared test for categorical
variables. Data analysis focused on the primary hypothesis of testing PA differences between
the El and SI arms at 3 and 6 months. The number of minutes of at least moderate intensity
activity (as measured by the 7-day PAR) was considered the primary variable of interest.
Analysis was conducted on the intent to treat (ITT). To test for between-groups differences,
we used a repeated-measures regression model implemented with generalized estimating
equations (GEE) with robust standard errors, which adjusts standard errors to account for
repeated measurements (Zeger & Liang, 1986). GEE's make use of all available data without
directly imputing the missing outcomes. Using a similar model, we assessed within-group
changes in minutes per week of PA from baseline to 3 months and baseline to 6 months. In
addition, we compared percentage meeting national PA guidelines using chi-squared tests at
both 3 months and 6 months. We assumed that those with missing outcomes did not meet PA
guidelines.

Participants assigned to the El and Sl conditions did not differ in demographic or behavioral
characteristics (see Table 3). At baseline, participants randomized to the EI arm reported an
average of 18.4 min/wk of PA (SD = 27.0), in comparison with 20.9 min/wk (5D = 28.6)
among Sl participants. Estimated marginal mean minutes of weekly PA at 3 and 6 months
are presented in Table 4. Results suggest that the treatment effect was significant at 3
months, (1, 53) = 4.78, p= .03, but not at 6 months, c?(1, 53) = 0.61, p= .44. However,
within-group changes from 3 to 6 months were not significant for El participants (Z=0.11,
p =.91) but were significant for Sl participants (£ = 2.38, p=.02). More EI participants
were meeting the PA guidelines of 150 min of moderate-intensity PA at 3 months in relation
to S participants (40.0% vs. 10.7%), ¢2(1, 53) = 6.11, p= .01, but no between-groups
difference was observed at 6 months (48.0% vs. 35.7%), ¢3(1, 53) = 0.82, p= .36.
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Discussion

Our findings suggest that a non-face-to-face, user- and theory-guided Internet PA program is
more efficacious for producing immediate increases in PA among sedentary adults than what
is currently available to the public. For instance, more El participants were meeting the
federal PA guidelines of 150 min of moderate intensity PA per week at 3 months (40% vs.
10%) and nearly half of all El participants (48%) were meeting guidelines at 6 months. This
finding is clinically important because few randomized controlled Internet PA interventions
have demonstrated differences in PA levels over a control group (Ciccolo, Lewis, & Marcus,
2008). However, the difference in PA levels at 3 months did not persist through 6 months.
The lack of between-groups differences at 6 months appears to be due to gains in PA levels
within the Sl group from 3 months to 6 months rather than decreased PA among the EI
group. The delayed increase in PA among the SI group was unexpected because no previous
studied to our knowledge have reported such findings in a similar group. It is possible that
the observed gain in PA among the SI group was due to increased Website use, although as
previously noted, we were unable accurately track SI Website use because of the use of
external Websites. It is also plausible that the EI Website provided the adequate tools for
participants to jump-start their PA behavior, change that took longer among a group of
comparably motivated Web users.

The volume of change in moderate-intensity PA observed in the EI group from baseline to 6
months (158 min/wk) has been repeatedly shown to result in improvements in risk for
chronic disease and functional capacity (Haskell, Blair, & Hill, 2009). In past Internet PA
studies, change in PA has consistently been correlated to measures of user engagement as
measured by logins (Carr et al., 2008; Marcus, Lewis, Williams, Dunsiger, et al., 2007). On
the basis of our Website-use data, El participants accessed the Website an average of 32.3
times over 6 months or 1.3 times per week. Although we asked S| participants to access only
the publicly available Websites via our homepage, it was possible for Sl participants to
bookmark the external Websites and log on to them directly; therefore this is a limitation of
the study.

This study contributes to the field in multiple ways. First, we delivered this program
remotely from our facilities in Providence, Rhode Island, to residents of three different states
using a completely non-face-to-face format. Few completely non-face-to-face Internet PA
interventions have demonstrated positive findings. Recently, Anderson-Bill et al. conducted
a large scale, purely online Internet trial (Web-Based Guide to Health) targeting nutrition,
PA, and weight-gain prevention (Anderson-Bill, Winett, & Wojcik, 2011; Anderson-Bill,
Winett, Wojcik, & Winett, 2011). We believe the Guide to Health trial and our study can
serve as models for future non-face-to-face Internet PA interventions.

Second, the present study used formative research methods to identify and include
interactive Internet features rated as appealing and targeted to specific theoretical constructs
shown to predict PA in our previous trials (Anderson-Bill, Winett, Wojcik, & Winett, 2011).
Although our group had preconceived notions of features that would be rated as most useful
for improving PA (e.g., social networking features) on the basis of our work in previous
trials, this process was beneficial in identifying features that were perceived as most useful
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for our specific population. Participants of this study rated the geographic features targeting
perceived environment the highest followed by the PA Tracking Calendar. Few Internet PA
trials of this kind have demonstrated this level of examination. One such study that has
conducted such examination is the previously mentioned study by Anderson-Bill et al.,
which demonstrated improvements in PA behavior and weight loss that were shown to be
associated with improvements in various SCT constructs including social support, self-
efficacy, outcome expectations, and self-regulation (Anderson-Bill, Winett, Wojcik, &
Williams, 2011; Anderson-Bill, Winett, Wojcik, & Winett, 2011). The present data warrant
further exploration as to why the added features were rated highest and whether specific
features were more helpful in the short term or the long term.

Third, our findings indicate that this completely non-face-to-face intervention can increase
PA among previously sedentary adults. Given the equivocal findings of previous studies, this
is important in moving the field forward. Although most Internet PA trials have failed to
observe between-groups differences in PA behavior, our study demonstrated between-groups
differences at Month 3, suggesting that the El intervention facilitated quicker increases in PA
behavior than did the SI comparison arm. It is now necessary to identify the specific features
that had the largest impact in improving PA behavior in the EI arm from baseline to 3
months. It would also be helpful to explore which features participants in the EI arm were
using, when they were using those features, and how specific feature use overlapped with
increases in PA behavior. Such a pattern analysis would help decipher whether specific
Internet features were responsible for the early improvements in PA, which is necessary for
long-term adherence.

Equally important questions remain in identifying ways to continue the increase in PA from
Month 3 to Month 6. Although the present study was limited by sample size prohibiting
such analyses, these findings support a larger trial to test: (1) whether participant use of
theory-guided Internet features impacts the targeted theoretical constructs and whether this
relates to change in PA behavior; (2) whether our program can sustain behaviors long term
(e.g., 12 months posttreatment); and (3) which Internet features predict long-term behavior.
It is also necessary to explore possible reasons for the lagged improvement among the S
participants from Month 3 to Month 6. It is possible that there were specific features offered
within the SI Websites that participants used, and given the lagged but pronounced response
in PA among Sl participants, these features could be useful to include in future Internet PA
trials.

The findings of this study should be read with caution because the associations between
participant perceptions of individual features and change in PA behaviors is not sufficient to
suggest a causal relationship. Also, the generalizability of our findings is limited because of
the primarily female, middle-aged and non-Hispanic White population of adults included.
Such demographic characteristics are typical of participants in Internet PA studies. However,
only slightly more than half of all participants were college educated, and more than half
reported a household income of less than $40,000 per year, indicating that the sample had
less education and a lower income than did typical populations in this area of study. Further
mediator analyses focusing on use of each theory-targeted feature is also warranted. It is
likely that a program targeting a different population such as younger or older adults would
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require different features for successful behavior change, and researchers are encouraged to
explore such features. Finally, the present study is limited by a relatively small sample size
and self-report PA data.

Conclusions

The Internet has the potential to make a significant public health impact on sedentary
behavior through wide-scale dissemination (Bennett & Glasgow, 2009). However, in order to
develop successful, dissemination ready Internet PA interventions, it is necessary that future
studies continue to test the ever-evolving Internet technologies. Future studies must include
cell phone technology as a means of increasing intervention reach and allowing users to
access materials and through multiple channels (Webb et al., 2010). Interactive and engaging
features of Web 2.0 sites have changed the expectations of Internet users; thus public health
intervention Websites must adhere to the new Web 2.0 design principles, including dynamic
designs in which the content adapts on the basis of user input. Consistently, as has been
proposed previously (Collins, Murphy, & Strecher, 2007), future Internet PA interventions
should explore multiphase optimization strategies (MOST) in which systems-based
approaches are used to adapt intervention content and delivery based on participant input.
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CONSORT Flow Diagram
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Sequence of events and recruitment/enroliment schematic. Study was coordinated at Brown
University, Providence, Rhode Island, from February 2010through February 2011.
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Table 1
Baseline Participant Characteristics by Treatment Condition (N = 53)
El (n=25),no0. (%) or M (SD) Sl (n=28),no.(%)or M (SD) Pvalue
Age, years 38.5(13.1) 36.8 (11.1) 0.61
Percentage women 80.0% 71.4% 0.47
Body mass index (kg/m?) 314+11 31.0+0.7 0.12
Non-Hispanic White 92.0% 82.1% 0.29
College graduate 52.0% 64.3% 0.36
Household income <$40,000 56.0% 57.1% 0.93
Married 36.0% 50.0% 0.30
Baseline PA (minutes/week) 18.4 (27.0) 20.9 (28.6) 0.74

Note. El = enhanced Internet; SI = standard Internet; PA = physical activity.
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Table 4
Estimated Weekly Minutes of Physical Activity at 3 and 6 Months by Treatment

Condition, Adjusted for Baseline PA

Intervention period El Sl

3-month PA (minutes/week) 180.4 (57.5) 46.3(17.1)
6-month PA (minutes/week) 171.4 (46.9) 121.8 (33.0)

Note. Means and standard errors are reported. EI = enhanced Internet; SI = standard Internet; PA = physical activity.
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