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Abstract

Background: Researchers and practitioners have developed numerous online interventions that encourage people to reduce
their drinking, increase their exercise, and better manage their weight. Mativations to develop eHealth interventions may be
driven by the Internet’s reach, interactivity, cost-effectiveness, and studies that show online interventions work. However, when
designing online interventions suitable for public campaigns, there are few evidence-based guidelines, taxonomies are difficult
to apply, many studies lack impact data, and prior meta-analyses are not applicable to large-scale public campaigns targeting
voluntary behavioral change.

Objectives. This meta-analysis assessed online intervention design features in order to inform the development of online
campaigns, such as those employed by socia marketers, that seek to encourage voluntary health behavior change. A further
objective was to increase understanding of the relationships between intervention adherence, study adherence, and behavioral
outcomes.

Methods: Drawing on systematic review methods, a combination of 84 query terms were used in 5 bibliographic databases
with additional gray literature searches. Thisresulted in 1271 abstracts and papers; 31 met theinclusion criteria. Intotal, 29 papers
describing 30 interventions were included in the primary meta-analysis, with the 2 additional studies qualifying for the adherence
analysis. Using arandom effects model, thefirst analysis estimated the overall effect size, including groupings by control conditions
and time factors. The second analysis assessed the impacts of psychological design features that were coded with taxonomies
from evidence-based behavioral medicine, persuasive technology, and other behavioral influence fields. These separate systems
were integrated into a coding framework model called the communication-based influence components model. Finally, the third
analysis assessed the relationships between intervention adherence and behavioral outcomes.

Results: The overall impact of online interventions across all studies was small but statistically significant (standardized mean
difference effect sized = 0.19, 95% confidenceinterval [CI] = 0.11 - 0.28, P < .001, number of interventions k = 30). The largest
impact with a moderate level of efficacy was exerted from online interventions when compared with waitlists and placebos (d =
0.28, 95% CI = 0.17 - 0.39, P < .001, k = 18), followed by comparison with lower-tech online interventions (d = 0.16, 95% ClI
=0.00 - 0.32, P = .04, k = 8); no significant difference was found when compared with sophisticated print interventions (d =
—0.11, 95% CI =-0.34t0 0.12, P = .35, k = 4), though online interventions offer asmall effect with the advantage of lower costs
and larger reach. Time proved to be a critical factor, with shorter interventions generally achieving larger impacts and greater
adherence. For psychological design, most interventions drew from the transtheoretical approach and were goal orientated,
deploying numerous influence components aimed at showing users the conseguences of their behavior, assisting them in reaching
goals, and providing normative pressure. | nconclusive results suggest arel ationship between the number of influence components

http://www.jmir.org/2011/1/e17/ JMed Internet Res 2011 | vol. 13 |iss. 1| el7 |p. 1
(page number not for citation purposes)


mailto:brian@alterspark.com
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Cugelman et &
and intervention efficacy. Despite one contradictory correlation, the evidence suggeststhat study adherence, intervention adherence,
and behavioral outcomes are correlated.

Conclusions: These findings demonstrate that online interventions have the capacity to influence voluntary behaviors, such as
those routinely targeted by social marketing campaigns. Given the high reach and low cost of online technol ogies, the stage may
be set for increased public health campai gnsthat blend interpersonal online systemswith mass-mediaoutreach. Such acombination
of approaches could help individuals achieve personal goalsthat, at an individual level, help citizens improve the quality of their

lives and at a state level, contribute to healthier societies.

(J Med Internet Res 2011;13(1):€17) doi: 10.2196/jmir.1367
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Introduction

Research suggests that online intervention can motivate people
to adopt healthy behaviors, such asreducing bingedrinking [1],
stopping smoking [2], and managing healthy weight [3].
Frequently, these online interventions are individually tailored
programs, resembling two-way interpersonal therapy. It is now
conceivable that headth campaigners can deploy
mass-interpersonal campaigns, where online media are used to
engage large populations in automated relationships that
resemble the support offered by dieticians, fithess trainers, or
smoking cessation counselors.

At present, numerous factors are driving health promotion
campaigns online. First, the Internet offers health campaigners
a convenient channel to increase the reach of large-scale
campaigns. The Internet is now amajor source of information
for health advice [4], and presently there are over 1.5 hillion
Internet users [5]. Second, interactivity offers many benefits
and may render online communication more effective than
traditional approaches [6-8]. In this regard, online
communications can utilize multimedia and interactive
capabilities, which offer new ways to engage public audiences.
Third, meta-anal yses demonstrate that online interventions can
match and occasionally outperform traditional interventions
[8-10]. Systematic reviews tend to be less conclusive but still
show a margina advantage over traditional interventions
[11,12].

Fourth, the cost-effectiveness of preventative medicine and
online outreach are both driving the innovation of online health
solutions. Governments are recognizing that it is more
cost-effective to market healthy lifestyles rather than pay to
treat the outcomes of unhealthy lifestyles[13]. Thisis set against
abackdrop whererising health care costs are driving the search
for affordable eHealth solutions[14]. Some preventativelifestyle
programs have offered significant costs savings to insurance
companiesin therange of 50% within one year and 20% to 30%
in subsequent years [15]. Given the reach and interactivity of
the Internet, transcribing these programs to online contexts can
bring these types of lifestyle programs to millions but at a
fraction of the cost of traditional interventions. For instance,
smoking cessation tel ecounseling interventions were estimated
to cost US $150 to US $250 per smoker, tailored print
interventions ranged from US $5 to US $40 per smoker, while
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tailored online smoking cessation interventions could cost less
than US $1 per smoker, depending on the population size[2].

When designing campaignsto enhance citizen well-being, health
officials draw from numerous fiel ds, theories, frameworks, and
techniques. With almost 40 years of academic and practical
development, social marketing is an established approach to
behavioral change[16]. Social marketing isthe use of marketing
principles and techniques to influence a target audience to
voluntarily accept, reject, modify, or abandon a behavior for
the benefit of individuals, groups, or society asawhole[17]. It
is based on influencing voluntary behavior, often through
incentives in the form of marketing offers targeted to key
population segments[18]. It iscommonly used by governmental
health departments—such as Health Canada [19], the United
Kingdom's Department of Health [20], and the United States
Centers for Disease Control and Prevention [21]—to design
large-scal e campaigns promoting healthy lifestylesto millions.

Designing Online Behavioral Change I nterventions

Social marketersfrequently usethe Internet to promote healthy
lifestyles as part of multichannel campaigns, increasingly with
social media tools. However, several authors have argued that
new mediahaveintroduced changesthat are shifting how social
marketing campaigns should be carried out and that the old
one-way communication model does not make sensein online
environments [22] or that social marketers have not yet taken
full advantage of the Internet’s potential [23]. These criticisms
may be due to the lack of empirical research that can inform
the design of online interventions suitable to social marketing
contexts.

To understand how online intervention design can influence
users behaviors, some researchers have examined health
behavioral change interventions that can be found through
Internet search engines. Their studies tend to offer uncertain
and sometimes pessimistic conclusions. One evaluation of
existing health behavioral change websites concluded that many
of these sites did not include the basic requirements to achieve
health behavior change[24]. Another study of physical activity
websites assessed the extent to which interventions appeared
to reflect various behavioral change theories and techniques.
The authors concluded that interventions provided little
assessment, feedback, or tailored support. Given the lack of
intervention features believed to influence behavior, the authors
called for more randomized controlled trial sto assesslong-term
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impacts[25]. Another research team concluded that government
anti-tobacco websites lacked the capacity to disseminate
persuasive communications, while grassroots organizations
offered the only viable online outreach due to their advocacy
capacity [26]. A similar class of research are case studies of
online campaigns [27-30]. They often provide in-depth
descriptions of particular campaigns and their associated online
interventions. These studies provide useful details on how
applied online interventions are designed, and they also make
the case for how interventions should be designed, but they do
not offer empirical evidence that online intervention design is
associated with behavioral impacts.

Other types of research that can inform intervention design
include meta-analyses [8-10] and systematic reviews [12,31]
of online interventions. These studies suggest that online
interventions offer small advantages over traditional intervention
media, such aswebsites versus print publications. In some cases,
these studies provide insights into intervention design features
associated with behavioral impacts. However, these prior studies
arelimited in their ability to generalize to numerous campaign
contexts, wherelarge-scale social marketing campaignsroutinely
focus on voluntary behavioral change. This is because these
prior review studies have not distinguished between
interventions targeting behaviors that are voluntary and those
that are mandatory. Rather, these studies have pooled
interventions targeting voluntary behaviors more suitable to
social marketing applications, along with mandatory behaviors
that are more suitable to medical applications, such as managing
chronic diseases or coping with psychological disorders. Perhaps
one exception was a systematic review that offered good
evidence that online interventions can influence voluntary
behaviors but lacked the statistical insight offered by
meta-analysis [11].

Thus far, no metaanalyses have quantified how the
psychological design of online interventions can influence
behaviors that are typically targeted in social marketing
campaigns. To overcome this gap, there is a need to identify a
sample of online behavioral changeinterventionsthat resembles
those used in large-scale public health campaigns and which
also offersinsight into the psychological architectures associated
with voluntary behavioral change.

Dose

In clinical studies, the more people adhere to lifestyle change
programs, the more their health improves. Similarly, those with
life threatening diseaseswho stick to diet and lifestyle programs
can potentially prevent their condition from worsening [15].
However, in longitudinal studies of interventionsthat are neither
mandatory nor critical to participants well-being, one can expect
significant attrition [32]. This trend has prompted researchers
to focus on strategies to increase adherence to online
interventions [33].

Research suggests that exposure to programs (their dose), isa
key predictor of behavior change. In one systematic review, the
majority of participants failed to engage in more than half of
the expected eHealth activities. However, those interventions
with high utilization showed better behavioral outcomes [11].
Similarly, high attrition in person-to-person health behavioral
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change programs has prompted researchersto argue that online
interventions need to put in more effort to prevent dropoutsin
person-to-computer interventions [24, 32].

In this paper, the term attrition describes the proportion of
people who stop using an intervention over time [32]. The
opposite of this term is adherence, which describes the
proportion of participants who continue using an intervention
over time. Regardless of which term is used, the amount of
exposure that peopl e receive when using an intervention isalso
caled dose. For interventions that are not mandatory, and
participation is voluntary, users will receive a dose that is
proportional to their chosen level of adherence or attrition.

There aretwo types of adherence. First, intervention adherence
describesthe proportion of participantswho use an intervention
over time. This is negatively called nonusage attrition [32].
Second, study adherence describesthe proportion of participants
who stay in a study over time. It is negatively called dropout
attrition [32], which describes participants who leave a study.
Under the law of attrition, it has been proposed that study
adherence and intervention adherence are correlated and
explained in part by athird variable: participant interest, which
isin turn influences by other factors, such as usability, push
factors, personal contact, positive feedback, peer-to-peer
communication, etc. [32]. As intervention adherence is
considered critical to intervention efficacy, and study adherence
and intervention adherence are believed to be related, there is
aneed to empirically investigate these relationships.

Describing the Design of Online I nterventions

Although online interventions are frequently described as a
homogenous group, they may beradically different in terms of
their purpose, design, and psychological architectures. In order
to describe the diversity of existing online interventions, any
coding system would need to accommodate a large variety of
complex factors that may explain intervention efficacy.
However, there is no consensus on what constitutes the best
theoretical framework or list of factors that may be used to
describeinterventions and which may a so explain their efficacy.
The literature offers numerous competing behavioral change
theories and taxonomies that are founded on different
assumptions, application contexts, and academic disciplines.
This has resulted in numerous overlapping and ill-fitting
taxonomies, none of which iscomprehensive enough to describe
online interventions on their own [34, 35]. Moreover, the
majority of online health intervention design guidelines do not
focus on behavioral outcomes, which rendersthem inappropriate
for assessing design factors that may be associated with
behavioral outcomes. For instance, one review of 20 health
intervention guidelines found that just 2 addressed outcomes
[36].

To overcome the lack of intervention design guidelines
addressing behavioral outcomes, this study first reviewed
numerous influence systems and then developed a
communication-based framework to consolidate taxonomies
across various fields into a simple coding system. When
describing these various systems, the following terms are used:
influence system describes any research that classifies
approaches to psychological and/or behavior change, and
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influence component describes a particular technique or package
of techniques designed to influence a person’s psychology
and/or behavior. The review looked at influence systems from
evidence-based behaviora medicine [37-40], persuasive
technology and the media equation [7,41,42], persuasive
communication research [43-45], stages of change [46,47], and
community-based social marketing [48,49]. Of these various
systems, two influence system taxonomies offered highly robust
coding guidelinesthat reflected commonly reported behavioral
change techniques and psychological constructs [38,50].
However, across al studies, no single system was suitable to
coding online intervention psychology on their own.

In order to develop acomprehensive coding system to describe
the psychological architectures of onlineinterventions, amodel
was devel oped to consolidate influence systems across arange
of fields. It is called the communication-based influence
components model (CBICM). The model views interaction
between audiences and online interventions as roughly equal
to the relationship between a therapist and client, where the
therapist’streatment isjust one of many factorsthat may explain
efficacy. For instance, many therapists may offer the same
treatment to their patients, however, for some therapists, their
reputation, communication style, flexibility, and willingnessto
adapt to the client’s needs can influence the efficacy of their
treatment. The CBICM isbased on the principle that the strength
of an intervention is the result of its influence components
[38,40]. Moreover, each of these influence components exists
within different parts of the communication process such as
those attributed to the source, message, how the message is
expressed, and whether the message can be tailored with
audience feedback. Given that numerous influence techniques
require audience feedback and that social mediacampaignsare
primarily based on two-way communication, the CBICM offers
a circular communication model that also describes either
one-way or two-way interventions or campaigns. The CBICM
was developed for this meta-analysis and is described within
prior publications [34,35]. See the Multimedia Appendix for a
brief overview of the CBICM.

Study Objectives

This meta-analysis assessed online intervention features that
can be used to guide the development of population-wide
campaignstargeting voluntary lifestyle behaviors. Furthermore,
it assessed relationships proposed under the law of attrition,
which offers insights into the role of intervention exposure
(dose) and intervention efficacy. Toward these objectives, the
study assesses psychological design factors, time trends, and
therole of dose in online interventions.
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Methods

Searching

To identify qualifying studies for this meta-analysis, a 3-step
systematic review approach was used [51]. First, apilot search
was conducted to assess and finalize keywords and bibliographic
databases. Next, query terms were constructed from keyword
combinations across three categories, including spelling
variations. The three keyword categories include (1) online
media terms: internet, online, on-line, web, website, webpage,
web-based, www, cyber, cyberspace, hypertext, email, e mail,
and email; (2) intervention terms. intervention and
interventions; and (3) behavioral outcome terms: behavior,
behaviour, behavioral, and behavioural. To combine these
keyword categories, thefirst query combined online mediaand
intervention terms; the second, online media and behaviora
outcome terms. The syntax was as follows: (word category 1
AND word category 2) OR (word category 1 AND word
category 2) OR (etc). These combinations produced 84 separate
queries.

Second, these terms were used to identify and retrieve abstracts
from relevant databases. In dl, 5 bibliographic databases were
selected. To cover thetimeframe from 1999 through 2008, these
databases were searched on September 20, 2008, and then on
January 16, 2009, to cover 2008. The outcomes from both search
sessions resulted in the following number of potential studies:
652 from Web of Knowledge, 292 from PsycINFO, 244 from
MEDLINE, 327 from PubMed, and 7 from the Cochrane
Library.

Third, additional strategies were employed to identify potential
studiesfrom the gray literature. A total of 59 additional studies
wereretrieved from the bibliographies of similar meta-analyses
[9,10,52]. Further, requests for suitable publications were sent
to relevant online discussion forums. These included listservs
for the Georgetown University socia marketing group,
Community Based Social Marketing, Association of Internet
Researchers, and the Medicine 2.0 Conference discussion group.
For gray literature, searches were undertaken in Google and
Yahoo. These strategies produced 6 additional papers.

Selection

Eligible studies for this meta-analysis included published or
unpublished research and reportsin English. Qualifying papers
included experimental, quasi-experimental, and correlational
studies, including those with randomized and nonrandomized
allocations. The substantive criteria in Table 1 were used to
screen studies that reflected audiences and behaviors similar to
those targeted by social marketing campaigns and studieswhere
effect sizes statistics could be extracted.
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Table 1. Inclusion and exclusion criteria

Area Criteria
Timeframe Inclusion: Years 1999 through 2008
Age Inclusion: Preteens to older persons

Exclusion: Studies containing persons 9 years and younger

Behavioral domains Inclusion: Health, safety, environmental, and community development behaviors

Borderlineinclusion: Subjectswith ailmentsfor which the behavior was beneficial but not critical and occupational groups
for which the target behavior was voluntary

Exclusion: Compulsory behaviors, critical behaviors linked to chronic illness, and psychological disorders

Behavioral outcome (de- Inclusion: A clear behavioral change outcome

pendent variable) Borderline inclusion: Interventions that blended change with maintenance objectives such as interventions encouraging

both weight loss and maintenance
Exclusion: Psychological outcomes and behavioral maintenance defined as not changing, that is, conceptually distinct
from behavioral change

Intervention types Inclusion: Web-based or Web and email-based

Borderline inclusion: Interventions stored on a CD-ROM, USB stick, or intranet provided they contained an intervention
designed for Internet deployment and technol ogy, such as pedometers, provided both intervention and control groupsreceived
them so that any statistical difference was explained by the Web-based intervention, not the additional treatment

Intervention mechanism  Inclusion: Primarily automated interventions (human-computer)

Borderlineinclusion: Interventions that were primarily human-computer, but included minor computer-mediated commu-
nication; cases where both the experimental and control groups received similar human contact, so the difference lay with
the online intervention; cases where human interaction was secondary, such as technical support, voluntary help lines, or
minor councilor engagement

Exclusion: Primarily computer-mediated communication (human-human)

Control treatments Inclusion: Control group intervention comprising print, Web-based interventions, waitlists, placebos, and therapists

Exclusion: Studies that contrasted different behavioral outcomes; studies where the difference between interventions was
anon-Web based factor, such as contrasting populations or administering a mobile phone to one group; studies where the
difference between the 2 interventions was unclear

Figure 1 shows the intervention selection process. From all  remaining 95, the full texts were obtained and evaluated. A
sources, 1587 abstracts, references, and papers werereviewed;  further 64 were excluded for not meeting the inclusion criteria,
315 were duplicates resulting in a pool of 1271 potentially not containing a qualifying behavioral outcome, or not being
qualifying papers. After manually reviewing titles, abstracts, suitable for calculation.

and full texts, 1176 were assessed as irrelevant. For the

Figure 1. Selection process flow chart

Search results (n=158T)
Electronic databases: 1522
Prior reviews: 59
Discussion groups and web search: 6

i > 315 duplicates removed
Unduplicated search results (n=1271)
1176 citations judged irrelevant by
- title and/or abstract
h J
Full text reports retrieved (n=95) 64 excluded
. 37 did not meet inclusion criteria
. 18 did not have a qualifying
» behavioral outcome
. @ were not calculable
h 4
Included in meta-analysis (n=31)
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In total, 31 studies were included in this meta-analysis and
coded. There were 2 studies that met the inclusion criteria that
were removed from the overall analysis but were included in
the doseanalysis. Thefirst study [53] wasthe only correlational
investigation that required separate analysis [54]. The second
study [55] was the only investigation that reported only a
therapist control group, which could not be included in the
moderator analysis asasingle case.

Validity Assessment

To evaluate the studies and test for potential publication bias,
three validity assessment methods were employed: research
quality assessment, cumulative meta-analysis, and afunnel plot
assessment [56]. First, as the inclusion criteria covered both
experimental and correlational studies, research quality was
assessed with the Downs and Black instrument for randomized
and nonrandomized studies [57], a checklist of 27 items
pertaining to reporting, external validity, internal validity, and
selection bias. However, the one item on statistical power was
removed, as this factor is addressed by the meta-anaysis
weighting. This assessment instrument was highly rated in a
review of research evaluation tools[58]. No minimum research
quality score was used to screen studies, but rather, the quality
score was used to assess whether research quality may have
biased the pool of studies. A meta-regression analysis showed

Figure 2. Funnel plot of interventions

Cugelman et al

a small statistically insignificant positive correlation between
research quality and effect size where k refers to the number of
interventions used in the analysis (r = .116, P = .55, k = 30).
This indicates that research quality is probably not correlated
with effect size. However, one quasi-experimental study [59]
required special treatment as it scored lowest on the research
quality assessment but had the largest popul ation.

Second, a cumulative meta-analysis did not show that small
studies were contributing alarge impact on the final effect size.
Thus, the small studies are unlikely to be biasing the sampl e of
studies [56].

Third, thefunnel plot in Figure 2 displaysinterventionsarranged
with sample size on the y-axis and effect size on the x-axis. In
the absence of publication bias, studies should spread out evenly
around the combined effect [60]. To assess publication bias, a
manual check was made; two issues were found. There is a
significant discrepancy between large and small studies: 4
studies had sample sizes over 1000, while the remainder were
significantly smaller. Further, the study with the largest sample
size (and lowest research quality score) did not line up aswould
be expected in an ideal funnel plot distribution. The funnel plot
suggeststhe sample of studiesisnot fully ideal, indicating some
bias, but appears acceptable.

4,500

o
&
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Publication bias is conventionally assessed according to three
categories: trivial, which does not change the results; modest,
where the results change, but the conclusions stay the same; or
substantial, where the conclusions may be called into question
[56]. This analysis revealed 2 possible sources of bias: aless
than ideal distribution of interventions (indicated by the funnel
plot) and the impact of one study (with the largest population
size and lowest research quality score). Given the random effects
model used for this meta-analysis, these possible sources of
bias do not change the final statistical outcomes by more than
a small margin. The small potential bias seems modest and
unlikely to ater the conclusions, though in one case, the suspect
study has been given special consideration.

Data Abstraction

Datawas extracted from studies using calculations by Borenstein
et a and Lipsey and Wilson [56,61]. When the reported data
wasinsufficient for coding, procedural work-aroundswere used

http://www.jmir.org/2011/1/e17/
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[61]. When it was impossible to code qualifying papers, a
request for data was sent to the authors. For each effect size,
only one outcome measure was selected per independent
intervention sample [61]. When more than one follow-up
measure was reported, these were al so coded for the longitudinal
analysis, which was analyzed within separate time groupings
to avoid dependence [56]. Additionally, when more than one
behavioral outcome was reported, if they were dissimilar or
measured on different scales, the most relevant outcome was
selected, and if several similar outcomes were reported and
measured on the same scale, they were pooled. When
interventionstargeted multiple behaviors, asingle outcome that
best reflected both behaviors was selected. Coding was carried
out by asingle researcher who conducted theinitia coding and
then 1 month after completing all papers, conducted a second
confirmatory coding.
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For the analysis of psychological design, the CBICM was used
as a framework to group influence components from various
influence systems. When coding influence components, 2
approaches were used. First, absolute coding describes when
an intervention uses an influence component whether or not the
control group received the same treatment. Absolute coding is
used for descriptive statistics and shows how often a particular
influence component was used. Second, relative coding records
when a particular influence component was only administered
to the experimental group. If an influence component was
applied to both the experimental and control groups, then the
component was not coded, as it could not statistically explain
thepsychological difference between treatments. Relative coding
isused to cal cul ate associ ati ons between influence components
and behavioral outcomes.

For the dose analysis, when coding the adherence variables,
study adherence was measured as the percentage of participants
in a study at a given time compared with the baseline. Coding
intervention adherence was more challenging, as it was
conceived and reported in many ways. Across studies,
intervention adherence was reported as log-ins, visits, page
views, core pages viewed, percent of required reading
completed, and complex multi-item measures. Researchers
reported intervention adherence by the total number of users,
averages per user, or percentages over various time units. In
some cases, the variables were measured on continuous scal es,
in others, they were dichotomous, but more often, continuous
variables were cut into arbitrary categories, such as high/low
log-in groups. To deal with this diversity, 2 coding and
meta-analytical approaches were employed to assess the
relationship between intervention adherence and behavioral
outcomes. The first approach coded any reported intervention
adherence construct, while the second approach only coded
adherence constructsthat could be converted into a percentage.

Full intention to treat groups may distort the results by including
many unmotivated participants, while the fully exposed group
are likely to represent the most motivated participants [32]. In
aiming to keep subject groupings comparable across studies
when papers reported both intention to treat and full exposure
groups, the 2 were pooled to render effect size calculations more
comparable with the majority of studies that did not employ
these distinctions.

Quantitative Data Synthesis

This study presents three analyses. The first analysis provides
the overall effect size estimates, including groupings by control
conditions and time moderators. The second analysis assesses

http://www.jmir.org/2011/1/e17/
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psychological design features, presenting overall correlations,
descriptive statistics, and behavioral outcomes associated with
influence components. Thethird analysis examines correlations
between adherence variables and behavioral outcomes.

Following recommendationsto select statistical modelsapriori
on the basis of substantive justifications [51,56], a random
effects model was selected. Intervention effect size, standard
error, and inverse variance statistics were calculated with
equations and the spreadsheet tool by Lipsey and Wilson [61].
Overall effect sizes and analogue to analysis of variance
(ANOVA) anayses were carried out in comprehensive
meta-analysis. Meta-regression was conducted in SPSS, version
14 (SPSS Inc, Chicago, IL) with macros using maximum
likelihood [61].

The majority of studies were randomized controlled trials,
measured with continuous or dichotomous data with pre and
post measures, while in some cases only post measures were
reported. For group contrasts, that is, between-subject studies,
the standardized mean difference, d, was used as the primary
effect size measure. To assess categories used to explain
heterogeneity in the analogue to ANOVA, the between-group
heterogeneity statistic and its significance value Q, (P) are used
to assess the strength of the categories. Likewise, the
within-group heterogeneity statistics Q,, (P) and 12 are used to
assess the strength of categories [51,56]. As standard notation,
r designates meta-regression correlations, and k, the number of
interventions.

Results

Study Characteristics

Table 2 lists the 30 interventions from 29 studies that qualified
for the primary analysis. One study contained 2 interventions,
which are designated as a and b [62]. Across these studies,
17,524 participants were alocated to 30 interventions, with
14,895 participants compl eting postintervention surveys. Of the
interventions, 24 used random assignment, 1 was nonrandom,
and it was not possible to determine the type of assignment for
5 interventions.

Table 2 presents the pre and post number of subjects acrossthe
experimental and control groups. For the experimental group,
Table 2 presents the mean age, the percentage of male
participants, study adherence, and intervention adherence
(recorded at first postintervention measure). Finally, the research
score is presented as a percentage.
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Table 2. Interventions

Author (Year) and Reference Experimental and  Experimental Group Research
Number Control Groups Score (%)
Pre(n) Post(n) Participant Mean Male (%) Study Intervention
Characteristics ~ Ad€ Adherence  Adherence
(%) (%)
Bersamin et a (2007) [63] 139 139 Students (who 18 48.0% 57.4% 73.1%
drink acohol)
Bewick et a (2008) [64] 506 317 Students 213 31.0% 59% 73.1%
Bruning Brown et al (2004) a 153 153 Students (female)  15.1 0.0% 66.7% 69.2%
[62]
Bruning Brown et a (2004) b 69 69 Parents 3.4% 100.0% 50.0% 69.2%
[62]
Celio et a (2000) [65] 52 47 Students (female)  19.6 0.0% 96.3% 71.0% 92.3%
Chiauzzi et al (2005) [1] 265 215 Students (who are 20 44.8% 80.2% 86.0% 80.8%
heavy drinkers)
Dunton and Robertson (2008) 155 128 Women 428 0.0% 78.6% 92.3%
[66]
Gueguen and Jacob (2001) [67] 1008 1008 French citizens 61.5%
Hunter et al (2008) [68] 451 446 Military personnel  33.5 50.0% 85.0% 80.8%
Jacobi et a (2007) [69] 97 97 Students (female)  22.5 0.0% 100.0% 83.0% 80.8%
Kim and Kang (2006) [70] 50 50 Diabetics 55.1 53.4% 73.1%
Kosmaet a (2005) [71] 151 75 Disabled persons 45.5% 84.6%
Kypri et a (2004) [72] 104 83 Students 19.9 82.4% 100.0% 76.9%
Kypri and McAnally (2005) [73] 146 122 Students 20.3 46.0% 82.0% 100.0% 76.9%
Lenert et a (2004) [74] 485 144 Smokers 39 42.0% 26.0% 57.7%
Marshall et a (2003) [75] 655 258 University faculty 43 50.0% 76.5% 26.0% 73.1%
and staff
McConnon et a (2007) [3] 221 131 Obese persons 458 23.0% 48.7% 53.0% 76.9%
McKay et a (2001) [76] 78 68 Diabetics 52.3 18.0% 92.1% 84.6%
Moore et a (2005) [77] 100 100 Students 21.7 42.2% 86.2% 65.4%
Napolitano et al (2003) [78] 65 52 Hospital staff 428 16.1% 70.0% 80.8%
Oenemaet a (2005) [79] 521 384 Employees a2 57.0% 72.0% 69.2%
Petersen et a (2008) [59] 4254 4254 Employees 21.2% 38.5%
Roberto (2007) [80] 378 103 Students (high 155 41.7% 84.8% 88.5% 53.8%
school)
Severson et a (2008) [81] 2523 1801 Smokelesstobacco  36.7 97.9% 44.1% 50.0% 57.7%
users
Strecher et a (2005) [2] 3501 3501 Smokerstryingto  36.9 43.5% 46.6% 80.8%
quit with the nico-
tine patch
Strom et al (2000) [82] 102 45 Headache sufferers  41.5 25.0% 39.2% 80.8%
Swartz et al (2006) [83] 351 274 Employees 409 46.8% 50.9% 70.2% 80.8%
Tate et a (2001) [84] 91 81 Overweight per-  40.6 11.0% 78.3% 96.2%
sons
Verheijden et a (2004) [85] 146 130 Personsat risk of 62 72.0% 84.9% 32.9% 84.6%
cardiovascular dis-
ease
Winett et a (2007) [86] 707 620 Church congrega-  53.13 33.0% 88.5% 57.0% 57.7%
tion
http://www.jmir.org/2011/1/e17/ JMed Internet Res 2011 | vol. 13 |iss. 1| el7 | p. 8

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Cugelman et al

Table 3 shows experimental group demographicsthat havebeen  6057). The age standard deviation was 6.6; the weighted average
weighted by pretest experimental group totals. With standard deviation was 9.0 (k = 21, n = 5691). In general, the
demographic records for 8813 pretest participants, the average  balance between genders was similar, with just slightly more
age was 34.7 and weighted average age was 36.5 (k = 26, n = men. Themgjority werewhite and possessed auniversity degree.

Table 3. Demographic descriptives

Demographic Descriptives k n Percent
Gender 26 6028 100%
Men 3152 52.3%
Women 2876 47.7%
Education 15 2341 100%
Bachelor'slevel 1347 57.6%
Master's level 552 23.6%
Secondary 404 17.2%
Primary 38 1.6%
Descent 19 2957 100%
White 2475 83.7%
African 144 4.9%
Mixed 116 3.9%
Asian 82 2.8%
Latin American 74 2.5%
Aboriginal 33 1.1%
Unclassified 33 1.1%

. . 1 used the first posttest effect size from all 30 interventions.
Overall Effect Size Estimates Query 2 included all posttest effect sizes, resulting in 38 effect
Table 4 reports the primary effect sizes estimates, while the  gzes across 3 timeframes.
forest plot with all interventionsis availablein Figure 3. Query
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Table 4. Effect size estimates
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Groupings k d (95% confidence P Qp (P) Quw (P 12
interval [CI])
Overall effect size® 30 N/A
All interventions 30 0.194 (0.111 - 0.278) <.001 64.125 (< .001) 54.776
Control group 2 30 9.109 (.01)
Waitlist or placebo 18 0.282 (0.170 - 0.393) <.001 55.163 (< .001) 69.183
Website 8 0.162 (0.006 - 0.318) .04 0.650 (.10) <0.001
Print 4 -0.110 (-0.343 10 0.123) 35 1.623 (.65) <0.001
Intervention duration 2 30 6.611(.16)
Single-session 4 0.404 (0.130- 0.677) .004 0.367 (.95) <0.001
From 2 days to 1 month 5 0.205 (0.026 - 0.383) 024 4,511 (.34) 11.336
Over 1 month to 4 months 16 0.220 (0.116 - 0.324) <.001 30.131 (.01) 50.218
Over 4 months to 7 months 3 0.090 (-0.077 to 0.258) .29 3.235(.20) 38.186
Over 7 months to 13 months 2 -0.047 (-0.337 to 0.243) .75 0.130(.72) <0.001
Long-term impactsb 38 N/A
From 1 day to 1 month 24 0.194 (0.107 - 0.282) <.001 39.329 (.02) 41.519
Over 1 month to 4 months 10 0.226 (0.089 - 0.363) .001 7.139 (.62) <0.001
Over 4 months to 7 months 4 0.157 (0.002 - 0.312) .048 15.261 (.002) 80.342
aQuery 1
b Query 2

Table 4 shows the overall effect size, which is small and
statistically significant. However, the various interventions are
not likely to represent a single homogenous group, asindicated
by the 2 within-group heterogeneity statistics Q,, (P) and 1% that
show a level of heterogeneity that cannot be explained by
sampling error alone. Control group comparisons provide the
best way to model the heterogeneity across interventions, as

http://www.jmir.org/2011/1/e17/
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indicated by the significant between-group heterogeneity statistic
Q, (P) that was less than .05, reveding a large difference
between control group categories. In general, online
interventions showed the largest effect size when compared
with waitlists and placebos, a smaller effect when compared
with lower-tech online interventions, and anegative statistically
insignificant effect size when compared with print interventions.
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Figure 3. Forrest plot
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Study name Statistics for each study Std diff in means and 95% CI

Std diff Standard Lower Upper

in means error limit limit Z-Value p-Value
Bersamin et al (2007) [63] 0.470 0174 0130 0810 2707 0.007 —a—
Bewick et al (2008) [64] 0.123 0113 -0099 0345 1.084 0278 HE—
Bruning Brown et al (2004) a [62] 0.294 0172 -0.043 0632 1.708 0.088 +—i—
Bruning Brown et al (2004) b [62] 0.637 0.264 0120 1.154 2413 0.016 —a—r
Celio et al (2000) [65] 0.494 0.298 -0090 1.077 1657 0.097 i
Chiauzzi et al (2005) [1] 0.145 0.137 -0122 0413 1.064 0.288 HE—
Dunton and Robertson (2008) [66]) 0.196 0177 -0152 0543 1103 0270 —-—
Gueguen and Jacob (2001) [67] 0.303 0325 -0334 0939 0931 0352 ——
Hunter et al (2008) [68] 0.178 0.095 -0008 0364 1870 0.061 i
Jacobi et al (2007) [69] 0.478 0.206 0074 0881 2319 0.020 —_——
Kim and Kang (2006) [70] -0.435 0.288 -1.000 0.130 -1.509 0.131 &
Kosma et al (2005) [71] 0.361 0.239 -0107 0829 1512 0131 ——
Kypri et al (2004) [72] 0.400 0222 -0035 0835 1.802 0.072 —_—
Kypri and McAnally (2005) [73] 0.206 0549 -0869 1.282 0376 0707 i
Lenert et al (2004) [74] 0.201 0.567 -0910 1311 0354 0.723 e
Marshall et al (2003) [75] -0.068 0125 -0.314 0177 -0547 0585
McConnon et al (2007) [3] -0.092 0.178 -0440 0.256 -0.519 0.604 %
McKay et al (2001) [76) 0.116 0.243 -0360 0592 0477 0634
Moore et al (2005) [77] -0.008 0200 -0401 0384 -0.042 0966
Napolitano et al (2003) [78] 0.527 0.287 -0.036 1.090 1.833 0.067 L
Oenema et al (2005) [79] 0.169 0102 -0.032 0.369 1648 0.099 Hl—
Petersen et al (2008) [59] 0.014 0.031 -0.047 0.074 0444 0657 [ |
Roberto (2007) [80] 0.162 0434 -0688 1.012 0374 0709 i
Severson et al (2008) [81] 0.189 0.106 -0018 0397 1778 0.075 Hl—
Strecher et al (2005) [2] 0.116 0.077 -0035 0266 1505 0.132 b
Strom et al (2000) [82] 0.476 0.304 -0120 1.072 1565 0.118 L
Swartz et al (2006) [83] 0.327 0419 -0494 1148 0781 0435 L
Tate et al (2001) [84] 0.194 0.223 -0244 0632 0869 0.385 el —
Verheijden et al (2004) [85] -0.002 0176 -0346 0342 -0012 0991 e
Winett et al. (2007) [86] 0.507 0.082 0346 0667 6.201 0.000 -

0.194 0.042 0111 0278 4582 0.000 ¢

The figures for intervention duration are presented in Table 4
and Figure 4. Theresults suggest that shorter interventions offer
larger impacts, while longer interventions offer lower impacts.
The strongest effect sizes resulted from the single-session

Figure 4. Effect Size by intervention duration
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effect sizecloseto the overall effect size. However, interventions
that operated longer than 4 months were statistically
insignificant, demonstrating no substantial behavioral impact.
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To examine the long-term impact after an intervention had
ended, all postintervention measures were grouped into 3 time
categories. This resulted in the 38 distinct postintervention
measures; these are referred to as Query 2 in Table 4. Asit is
only possible to analyse 1 measure from each intervention
sample, no between-group heterogeneity analysis was
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undertaken. In general, the long-term impact appears to last
several months. The pooled effect size of the 24 interventions
in the first time frame is similar to the overall effect size. The
effect size rises dightly from 1 to 4 months and then drops
dlightly for the fina postintervention measure, from 4 to 7
months.
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Psychological Design

This section presentstwo analyses of psychological design. The
first assesses the rel ationship between the overall psychological
design and behavioral outcomes. The second analysis presents
the psychological architecture of onlineinterventions, reporting
how frequently influence components are used and their
associated effect sizes.

Of thetheories used to design interventions, the transtheoretical
approach was the most popular, being used across 47% (14/30)
of theinterventions. Other theories used to design interventions
included socia cognitive (4/30, 13%), cognitive behavioral
therapy (4/30, 13%), behavioral therapy (3/30, 10%), extended
parallel process model (2/30, 7%), health belief model (2/30,
7%), and the theory of reasoned action (2/30, 7%).

Psychological Design: Overall Correlations

This section assesses relationships between an intervention’s
overall psychological architecture and its effect size. The
analysis is based on the coding systems of behavioral change
techniques [38] and of behavioral determinants [50], which
were relative coded in order to assess influence components
administered to the experimental group only.

Figure5. Sum of influence components by effect size
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Metaregression demonstrated a moderate but statistically
insignificant correlation between an intervention’s total
influence components and their effect size. However, there are
reasons to suspect an association exists nonetheless. The
meta-regression correlation between the sum of behavior change
techniques and effect sizeis (r =.219, P = .26, k = 30), and the
correlation between the sum of behavioral determinants and
effect size is (r = .327, P = .09, k = 30). Although these
meta-regression analyses demonstrated no statistically
significant correlation, the following evidence suggests a
relationship. The groups of interventionswith the largest number
of influence components achieved the largest outcomes, while
the groups of interventions with fewer influence components
achieved lower behavioral impacts. Moreover, the same

http://www.jmir.org/2011/1/e17/
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Groups of online interventions with the largest number of
influence components demonstrated the largest effect sizes.
Nonetheless, statistical correlations between influence
components and effect size were inconclusive. Figure 5
compares effect sizes with the sum of relative influence
componentsfor two clusters: thefirst, behavioral determinants,
and the second, behavior change techniques. The trend line is
derived from the meta-regression analysis. Each intervention
is clustered according to its control condition. Interventions
matched against waitlist or placebo control groups achieved the
highest effect sizes and contained the largest number of relative
influence components (average of 5.7 behavioral determinants
and 8.6 behavior change techniques). Interventions compared
with website control groups attained a smaller but significant
effect size and possessed fewer influence components (average
of 4.4 behaviora determinants and 8.3 behavior change
techniques). Findly, interventions compared with the
sophisticated print intervention control groupswere statistically
no different from print publications and possessed the fewest
influence components (average of 2 behavioral determinants
and 3 behavior change techniques).
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calculations were conducted without the study [59] that was
shown to be suspect in the validity assessment. After removal,
the correlation between behavior change techniques and effect
size remained dtatistically insignificant. However, the
relationship between behavioral determinants and effect size
was large and statistically significant (r = .470, P =.007, k =
29).

Psychological Design: | nfluence Component Frequency
and Effect Sizes

This section uses the CBICM as a framework to describe the
psychological architectures employed by online interventions.
Influence components are clustered within the social context,
media channel, feedback message, source interpreter, source

JMed Internet Res 2011 | vol. 13 |iss. 1| el7 | p. 12
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

encoding, intervention message (behavior change techniques),
and audience interpreter (behaviora determinants and
demographics). To encourage personal change, many of the
interventions helped participants adopt healthy habits by
motivating them to set goals, record their behavior, learn new
skills, and then use feedback to track their progress.

Absolute coding describes how frequently aparticul ar influence
component is used across the 30 interventions. Relative coding
is used to assess the pooled effect size associated with each
influence component. In general, the absolute coding number
of interventions k is larger than the relative coding number of
interventions k. Thisis because an intervention may have used
a particular influence component, such as tailoring. However,
if the control condition also used tailoring, then tailoring could
not explain the statistical difference between the 2 conditions.
Consequently, absolute coding providesinsight into how often
an influence component is used, while relative coding draws
on asmaller number of studies to assess the effect size of each
influence component. Effect sizes were only calculated where
there were at least 2 qualifying studies.

The social context describes the social and environmental
contexts that can influence an intervention’s effectiveness. The
majority of interventions (15) operated through direct interaction
between participants and the intervention system. A dlightly
smaller number (13) of interventions occurred in contextswhere
there was at least 1 point of contact within an institutional
setting. Just 2 interventions drew on family and friends.

Table5 presentsthe CBICM mediachannel, audience feedback
message, source interpreter, and source encoding. The media
channel describesthe communication channelsused to distribute
an intervention. Interventions primarily combined websiteswith
email, while athird were just Web-based. Although the results

http://www.jmir.org/2011/1/e17/
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show that Web-based interventions are more effective than
combined websites with email, thisis likely due to the strong
effect of the single-session interventionsthat did not use email.

The feedback message describes information that users send to
the intervention system, which is used to design personally
relevant intervention messages. Systemsthat do not factor user
feedback into their interventions are not able to deploy these
influence components. Tailoring isthe most common feedback
component and offered a reasonabl e effect size. Tailoring was
frequently combined with personalization: the 12 interventions
that used personalization also used tailoring. The most effective
influence component was providing feedback on performance,
which fits with the goal directed nature of these interventions,
as discussed subsequently.

The sourceinterpreter describesinfluence componentsthat are
based on audiences perceptions of the source, either the
organizations operating the intervention or the website itself.
Few studies explicitly mentioned source factors, making it
difficult to reliably code the components and calculate their
associated effect sizes. Nonetheless, the few interventions that
demonstrated similarity to the audience members showed a
strong effect size. Visually attractive design did not show any
advantage, and just one study mentioned credibility factors.

Source encoding describes how an intervention is expressed.
The vast majority of interventions were source encoded as
processesthat engaged usersthrough multipleinteractions over
time. Those interventions that occurred in a single interaction
were highly effective, which is consistent with the prior trend
showing that single-session interventions were most effective.
Only one intervention used a sequential request technique, the
foot in the door technique.
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Table 5. Media channel, feedback message, source interpreter, and source encoding
Absolute Coding  Relative Coding
CBICM clusters k % k d (95% Cl) P Qu (P) 12
Media channel
Website and email 20 66.7% 14 0.165 (0.054 - 0.276) .004 24,914 (.02) 47.820
Website 10 333% 8 0.309 (0.150 - 0.467) <001  16.636 (.02) 57.922
Audience feedback message
Tailoring 25 833% 22 0.201 (0.107 - 0.296) <001 53428(<.001)  60.695
Provide feedback on performance 20 67.0% 18 0.215 (0.109 - 0.321) <.001 52.985 (<.001) 67.915
Personalization 12 40.0% 11 0.193 (0.048 - 0.337) .009 7.651 (.66) <001
Adaptation/content matching 2 6.7% 2 0.191 (-0.138 - 0.521) .26 0.135(.72) <.001
Source interpreter
Attractiveness 5 16.7% 3 0.080 (-0.215 - 0.375) .60 2.631(.27) 23.975
Similarity 3 100% 3 0.324 (0.015 - 0.632) 04 1.078 (.58) <001
Credibility 1 3.3% 1
Sour ce encoding
Multiple interactions 23 77.0% 16 0.208 (0.098 - 0.319) <001 43657(<001) 65.641
Single interaction 3 100% 2 0.473 (0.154 - 0.792) .004 0.001 (.98) <.001
Sequentia requests (foot in the door) 1 3.0% 1

Table 6 presents influence components within the source
intervention message, which represents the overt treatment
designed to impact audience psychology and/or behavior. The
taxonomy of behavior change techniques [38] is used for this
cluster with providing feedback on performance moved to the
feedback message cluster (as it can only exist when feedback
mechanisms are employed). Most of the intervention messages
informed users about the consegquences of their behavior,
focused on goal setting, and provided instructions on performing

http://www.jmir.org/2011/1/e17/

the behavior. The majority of self-monitoring was directed
toward the behavior, with a few interventions focused on
monitoring behavioral outcomes. However, both approaches
produced similar effect sizes. Although action planning is a
popular and effective approach, setting graded tasks showed
no significant contribution. Both agreeing to a behavioral
contract and time management stood out as influence
components that were infrequently used but were associated
with an above average effect size.
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Table 6. Source intervention message (behavioral change techniques)

Absolute Coding Relative Coding

Behavioral Change Techniques k % k d (95% ClI) P Qu (P 12
Provide information on consequences 23 76.7% 16 0.306 (0.173 - 0.438) <.001 11.365 (.72) <0.001
of behavior in general
Goal setting (behavior) 21 70.0% 16 0.245 (0.131 - 0.359) <.001  49984(<.001)  69.991
Prompt self-monitoring of behavior 19 63.3% 16 0.223 (0.108 - 0.339) <.001 52.600 (< .001) 71.483
Provide instruction on how to perform 18 60.0% 15 0.212 (0.102 - 0.323) <.001 27.927 (.02) 49.870
the behavior
Action planning 17 56.7% 13 0.240 (0.119 - 0.360) <001  46.702(<.001)  74.305
Provide normative information about 12 40.0% 12 0.246 (0.120 - 0.373) <.001 6.893 (.81) <0.001
others’ behavior
Fear arousal 12 40.0% 10 0.193 (0.042 - 0.344) .01 6.491 (.69) <0.001
Barrier identification/problem solving 10 33.3% 10 0.224 (0.076 - 0.372) .003 4.372(.89) <0.001
Provide information on where and 10 33.3% 10 0.218 (0.095 - 0.340) <.001 20.104 (.02) 55.232
when to perform the behavior
Set graded tasks 10 33.3% 9 0.095 (-0.017 to 0.207) .10 11.464 (.18) 30.216
Plan social support/socia change 9 30.0% 5 0.250 (0.035 - 0.465) .02 1.940 (.75) <0.001
Fecilitate social comparison 9 30.0% 9 0.226 (0.070 - 0.382) .004 4.439 (.82) <0.001
M odel/demonstrate the behavior 8 26.7% 8 0.210 (0.056 - 0.365) .008 3.886 (.79) <0.001
Provide information on consequences 8 26.7% 8 0.208 (0.040 - 0.375) .02 3.447 (.84) <0.001
of behavior relevant to the individual
Environmental restructuring 7 23.3% 4 0.189 (-0.028 to 0.406) .09 1.229 (.75) <0.001
Prompt review of behavioral goals 7 23.3% 7 0.138 (-0.018 to 0.294) .08 6.888 (.33) 12.887
Agree behavioral contract 5 16.7% 4 0.275 (0.105 - 0.446) .002 13.001 (.005) 76.925
Prompt self-monitoring of behavioral 5 16.7% 5 0.263 (0.080 - 0.446) .005 36.961 (< .001) 89.178
outcome
Prompt identification asrolemodel/po- 5 16.7% 4 0.078 (-0.107 to 0.263) 41 1.738 (.63) <0.001
sition advocate
Time management 4 13.3% 4 0.343 (0.018 - 0.669) .04 1.476 (.69) <0.001
Stress management 4 13.3% 4 0.185 (—0.009 to 0.380) .06 1,517 (.68) <0.001
Prompt self talk 3 10.0% 3 0.319 (0.058 - 0.581) .02 2.168 (.34) 7.747
Provide rewards contingent on success- 3 10.0% 3 0.291 (0.023 - 0.560) .03 1.478 (.48) <0.001
ful behavior
Provide information about others ap- 3 10.0% 3 0.206 (—0.040 to 0.453) .10 0.461 (.79) <0.001
proval
Use of follow-up prompts 3 10.0% 3 0.183 (-0.098 to 0.463) .20 0.968 (.62) <0.001
Goal setting (outcome) 3 10.0% 1
Relapse prevention/coping planning 3 10.0% 2 0.149 (-0.100 to 0.398) 24 0.310 (.58) <0.001
Shaping 3 10.0% 3 0.091 (—0.236 to 0.418) 59 0.524 (.77) <0.001
General communication skillstraining 2 6.7% 2 0.295 (-0.031 to 0.622) .08 2.737 (.10) 63.458
Emotional control training 2 6.7% 2 0.253 (-0.061 to 0.568) A1 796 (.37) <0.001
Prompting focus on past success 1 3.3% 1
Prompt use of imagery 1 3.3% 1
Motivational interviewing 1 3.3% 1
Prompting generalization of atarget 1 3.3% 1
behavior
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Absolute Coding Relative Coding
Behavioral Change Techniques k % k d (95% ClI) P Quw (P) 12
Provide rewards contingent on effort 1 3.3%
or progress toward behavior
Teach to use prompts/cues 1 3.3%
Prompt anticipated regret 0 0%
Prompt practice 0 0%
Prompt review of outcome goals 0 0%

Theaudienceinterpreter describesthe demographic disposition
and psychology of theindividual or population targeted to adopt
abehavior. Inthe CBICM, thisiswhere audience demographics
are clustered. This is aso where behavioral determinants are
grouped—these are the psychological constructs believed to
directly influence behavior.

Table 7 presents the demographic moderators for participants
age and gender. Both groups were divided into 3 equal
categories, and then effect sizeswere calcul ated for each group.
Across both age and gender groupings, the overall
between-group heterogeneity statistics Q, (P) was greater than

Table 7. Demographic moderators

.05, indicating that the categorieswere quite similar and did not
explain the heterogeneity. Among the 3 age groups,
interventions with younger audiences (average age 15 to 21.4
years) tended to achieve the largest outcomes, followed by
middle-aged (average age 21.5 to 41.8 years), and finally older
participants whose average age was greater than 41.9 achieved
the lowest outcomes with statistically insignificant results. For
the gender groupings, the intervention group with more females
showed greater impact than the mixed gender group, and afar
larger impact than the statistically insignificant male-dominated

group.

Groupings k d (95% ClI) P Q (P) Quw (P 12

Age Groups (years) 30 1.248 (.74)
Younger (15.0 - 21.4) 8 0.271 (0.095 - 0.446) .002 4.676 (.70) <0.001
Middle (21.5 - 41.8) 9 0.198 (0.045 - 0.352) 01 4,725 (.79) <0.001
Older (41.9 and over) 9 0.141 (-0.003t0 0.286) .06 29.017 (<.001)  72.430
Unknown 4 0.190 (-0.033t0 0.414) .10 8.196 (.04) 63.397

Gender groups 30 5.889 (.12)
More female (66.6% - 100%) 12 0.307 (0.187- 0.427)  <.001 18.290 (.08) 30.857
Mixed 12 0.122 (0.010 - 0.235) .03 11.354 (.41) 3.116
More male (66.6% - 100%) 2 0.123(-0.1111t00.357) .30 0.864 (.35) <0.001
Unknown 4 0.124 (-0.04910 0.297) .16 5.685 (.13) 47.233

Table 8 shows the audience’s behavioral determinants targeted
by interventions. These are the psychological constructs
employed by various behavioral change theories. The coding
is based on the list of behavioral determinants [50]. The
psychological architecture of the websites resembled
behaviorist-type therapies where the focus was on knowledge,
awareness of risks, goa setting, and skill building. Across
interventions, knowledge was the most common and effective
behavioral determinant, while emotional appeals alone were

http://www.jmir.org/2011/1/e17/

used by athird of interventions and were associated with alower
effect size. Similarly, skill building offered an effective
influence component, while self-efficacy was surprisingly low.
One noteworthy exception is the strong contribution of social
norms, which was both common and effective. The least
frequent behavioral determinant was an appea to the
participant’s social-professional role or identity, which on its
own, was an exclusion criteriain this study.
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Absolute Coding Relative Coding
Behavioral Determinants k % k d (95% CI) P Quw (P 12
K nowledge 30 100.0% 16 0.291(0.166- 0.416)  <.001 53.257 (< .001) 71.835
Motivation and goals (intention) 26 86.7% 20 0.229 (0.129 - 0.329) <.001 54.332 (< .001) 65.030
Social influences (norms) 22 73.3% 18 0.250 (0.147 - 0.354) <.001 52.042 (< .001) 67.334
Beliefs about consequences 21 70.0% 19 0.268(0.182-0.353)  <.001 23.034(.19) 21.855
Skills 19 63.3% 15 0.185 (0.069 - 0.300) .002 46.753 (< .001) 70.055
Memory, attention, and decision 18 60.0% 17 0.188 (0.080 - 0.297) .001 42.480 (< .001) 62.335
processes
Behavioral regulation 17 56.7% 14 0.218(0.103-0.332)  <.001 40.971 (< .001) 68.270
Emotion 10 33.3% 9 0.183 (0.026 - 0.341) .02 6.966 (.54) <0.001
Nature of the behaviors 9 30.0% 6 0.274 (0.137 - 0.411) <.001 16.142 (.006) 69.024
Beliefs about capabilities (self- 8 26.7% 7 0.083 (-0.051t0 0.218) .23 4,545 (.60) <0.001
efficacy)
Environmental contextandre- 6 20.0% 3 0.180 (-0.044t0 0.404) .12 1.060 (.59) <0.001
sources
Social-professional role and 3 10.0% 2 0.275 (-0.321 t0 .871) 37 0.024 (.88) <0.001
identity

Dose (Adherence and Attrition)

To assess correl ations among the 3 dose variables (intervention
adherence, study adherence, and behavioral outcomes), 2
meta-ana ytical methodswere employed and combined in Figure
6. The analyses show a significant correlation between study
adherence and intervention adherence and a significant
correlation between study adherence and behavioral outcomes.
However, the two methods produced one contradictory result,
with one method showing the association between intervention
adherence and outcome to be statistically significant, and the
other, insignificant. Though, for methodological reasons, the
association is likely to be significant.

The first analysis pooled correlation effect sizes; is designated
cinFigure 6. Thisanaysisincluded 2 papers that qualified for
the dose analyses [53,55] but which were excluded from the
primary investigation. Only 5 studies were used to assess the
relationship between study adherence and intervention
adherence. However, the association was strong and significant
(r =.374, 95% CI = .246 to .489, P < .001, k = 5). Similarly,
therel ationship between intervention adherence and behavioral
outcomes was modest, yet significant (r = .240, 95% Cl =.133
-.341,P<.001, k=9).

In Figure 6, the second metaregression method uses m to
designate the two meta-regression effect size calculations. The
heavily dichotomized data used for thisanalysisisbased on the
adherence percentages presented in Table 2. Thisanaysisshows
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amoderate and significant rel ationship between study adherence
and behavioral outcomes (r = .481, P = .006, k = 28). It dso
showed a moderate but statistically insignificant association
between intervention adherence and behavioral outcomes (r =
455, P =.109, k = 13).

Despite the two contradictory conclusions, there are compelling
reasons why the relationship between intervention adherence
and effect sizeisprobably significant. Although theinsignificant
meta-regression analysis drew from more studies, the analysis
was based on data that was heavily dichotomized, which is
known to underestimate effect sizes [61]. Conversely, the
significant correlation effect size drew from fewer studies with
the advantage of including statisticsthat are closer to the original
raw figures. Given the strong but insignificant correlation from
the meta-regression (known to underestimate effect sizes) and
the moderate and statistically significant correlation effect size
analysis, it is likely that both intervention adherence and
behavioral outcomes are related.

Table 9 presents the adherence averages presented in Table 2,
which were used in the meta-regression dose anaysis. These
figures offer an explanation for the relationships between dose
variables. The adherence percentage is given with a simple
average and weighted average based on the posttest experimental
group sample size. Asthe duration of an intervention increases,
behavioral outcomes decrease, intervention adherence decreases,
and study adherence roughly follows a downward trend with
some variations.
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Figure 6. Correlations between adherence variables and effect size (c = correlation effect size, m=meta-regression effect size)

c)r=.374

Intervention
Adherence

mj r = 455
c)r=240

Study
Adherence

Behavioral
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Table 9. Intervention duration, adherence, and behavioral outcomes

Study Intervention Behavioral Outcomes

Adherence Adherence
Intervention Duration k Average %  Weighted k Average%  Weighted k d (95% CI)

Average % Average %

Single-session 3 73.9% 72.9% 2 100.0% 100.0% 4 0.404 (0.130 - 0.677)
From 2 daysto 1 month 5 76.8% 74.4% 2 68.0% 79.8% 5 0.205 (0.026 - 0.383)
Over 1 month to 4 months 15 67.9% 53.6% 7 63.7% 53.4% 16 0.220 (0.116 - 0.324)
Over 4 monthsto 7 months 3 61.5% 28.1% 3 0.090 (-0.077 to 0.258)
Over 7 months to 13 months 2 66.8% 68.0% 2 43.0% 42.3% 2 —0.047 (-0.337 t0 0.243)

Discussion

The overall impact of online interventions is small, with the
control conditions explaining much of the variance across
studies. This suggests that online intervention efficacy should
be regarded as a relative advantage in comparison to different
intervention media. Thelargest impact was exerted from online
interventions when compared with waitlists and placebos,
followed by comparison with lower-tech online interventions;
no significant difference was found when compared with
sophisticated print interventions. In other words, online
interventions offer a small effect and are probably as good as
print interventions but with the advantage of lower costs and
larger reach.

Asageneral guideline, an effect size d can be considered small
(d £ 0.2), medium (d = 0.5), or large (d = 0.8). Likewise,
correlation effect sizes r can be considered small (r < 0.1),
medium (r = 0.25), and large (r = 0.4) according to Cohen as
cited by Lipsey and Wilson [61]. By Cohen'scriteria, the overall
results of this meta-analysis are small (d = 0.194, 95% CI =
111 -.278, P <.001, k = 30). However, thisfigure is consistent
with other meta-analyses of online interventions. One
comparison of 5 Web- and non-Web-based interventions
produced effect sizes on knowledge and behavior (d =-0.24 to
0.44, k = 5) [10]. Another study showed effect sizes, from the
first measurement, on physical activity (d = 0.05, 95% CI =
—0.05 t0 0.15, k = 11); weight loss (d = 0.10, 95% CI = -0.11
t00.29, k = 8); and tobacco use (d = 0.33, 95% Cl = 0.08 - 0.59,
k=11) [9]. Still another showed an overall Hedges' g effect size
(d=0.16, 95% Cl = 0.09 - 0.23, P <.001) [8].

Time proved to be a critical factor with shorter interventions
achieving the largest impacts. In general, as the length of an
intervention increased, behaviora impacts and intervention

http://www.jmir.org/2011/1/e17/

adherence decreased. When examining the long-term impacts
after interventions had ended, the impact appeared to increase
from 1 to 4 months and then decline afterwards. These trends
may be partialy explained by the relationship between
adherence and behavioral outcomes, where the shortest
interventions achieved both the highest behavioral impacts and
a so the highest level s of adherence. Discussed bel ow, thistrend
is proposed to be afunction of decreasing motivation.

Psychological Design

Many of the interventions appeared to be simple but, in fact,
were highly complex programs that used tailoring algorithms
and which in some cases, contained libraries with potentialy
hundreds of messages that could offer thousands of message
combinations. When designing interventions, the transtheoretical
approach was the most popular theory used. Interventionswere
primarily goal orientated. In general, the interventions in this
study informed users about the consequences of their behavior,
encouraged them to set goals, then encouraged them to track
their progress toward those goals while providing feedback on
their performance. Popular behavioral determinantstargeted by
these interventionsincluded knowledge, motivation, and social
norms. Regarding demographics, younger audiences achieved
the largest behavioral impacts, with impact strength decreasing
as participants increased in age. Female dominated groups
achieved larger behavioral outcomesin comparison with mixed
gender and male dominated groups. Most interventions used
feedback mechanisms, with 83% using tail oring, while the 40%
that used personalization also combined it with tailoring. The
most effective feedback mechanism was providing feedback on
performance. Source factors were rarely reported; however,
interventions that reflected similarity with users demonstrated
efficacy. Just one intervention reported source credibility even
though credibility has been recommended by numerous design
guidelines [36,87,88].
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Influence components approaches [38,40,89] posit that the
strength of an intervention is a function of its psychological
components. This meta-analysisdid not find conclusive support
for this assertion, but the evidence suggests alikely trend. The
inconclusive findings may be due to three factors: coding
limitations, the moderate number of qualifying studies, and a
potentially nonlinear relationship.

First, accurate relative coding of influence components could
only take place when authors described the experimental and
control groups in equal detail. Many authors did not fully
describe control conditions, resulting in an overestimate of
relative influence components, which may have caused
measurement distortions. Additionally, interventions using
stages of change frameworks tended to report a large number
of influence components. However, depending on participants
stage, they would likely be exposed to a smaller number of
influence components, resulting in an overestimate in the
number of relative influence components.

Second, the strong and statistically insignificant correlations
found in this study suggest that this relationship may require a
larger pool of studies to overcome measurement distortions.
For instance, Webb et al [8] drew on alarger pool of studies
and found a statistically significant correlation.

Third, the relationship may not be linear but rather resemble an
inverted u-shaped parabola curve. For example, one research
team argued that websites that provide fewer individually
tailored features may be more effective in promoting and
maintaining behavior than ones that offer numerous poorly
presented strategies [25]. If the relationship is nonlinear, few
influence components may betoo few to significantly influence
behavior. Too many may potentially overwhelm users with
complex and demanding interventions, while there is probably
amiddleground where asmall number of relevant (and mutually
reinforcing) influence components are most effective.

Through absolute and rel ative coding, it was possible to examine
an influence component’s frequency of use and associated effect
sizes. In general, the frequency of use demonstrated a loose
association with effect size. For instance, the most commonly
used influence components were often the most effective ones,
though there were exceptions to this rule. This suggest that, in
genera, intervention researchers are probably drawing from
common approaches that have been proven to work, with a
smaller amount of experimental work assessing less
conventional approaches.

Dose

Thelaw of attrition positsthat study adherence and intervention
adherence are likely to be correlated because they areimpacted
by a third variable, participant interest [32]. This assertion is
somewhat supported by the results of the meta-analysis. Despite
one contradictory relationship, the results suggest the
relationship is likely to include 3 variables. study adherence,
intervention adherence, and behavioral outcomes.

Instead of hypothesizing that attrition is a function of loss of
participant interest, adightly different proposal isthat adherence
is a function of participant’'s motivation. By explaining the
correlations as the result of motivation, this explains
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participant’sinterest (in theterms of goal commitment) but also
a second construct that encompasses ability and/or efficacy.
Across different research, motivation generally encompasses
thesetwo dimensions: goal commitment and either self-efficacy
or ability [90-93].

Thelaw of attrition further proposesthat study and intervention
adherence follow a systematic pattern declining over time,
similar to an inverse s-shaped diffusion curve [32], which can
be found in the logarithmic shaped relapse curves of smokers
[94]. In this meta-analysis, effect sizes, study adherence, and
intervention adherence generally depreciated over time,
indicating adownward trend consistent with the law of attrition.

Practitioner and Research Implications

Intervention length proved to be a critical factor, with shorter
interventions generally achieving the largest impact and
intervention impact fading as an intervention'slength increased.
This has implications for intervention designers who need to
make interventions as short as possible to cope with rapid
attrition and the probable loss of motivation over time.
Moreover, for some behaviors, highly tailored single-session
interventions produced the strongest effect sizes. This suggests
that short and tailored interventions can be as effective, if not
more effective, than somelonger and demanding ones. However,
thistrend islikely to be limited to particular behaviors, such as
responsible drinking [63,72] and diet choices [63], but is less
applicable to demanding change processes, such as tobacco
cessation or weight loss.

Adherence variables demonstrated correl ationswith behavioral
outcomes. Thishasimplicationsfor practitionerswho generally
seek to maximize behavioral impacts and researcherswho must
subject study participants to adequate dosage levelsin order to
conduct sound studies. To increase an intervention’s efficacy,
it may be possible design adherence systems that encourage
higher levels of intervention adherence. In some cases,
interventionsdid not explicitly implement measuresto maximize
participant adherence, with 1 intervention attaining a median
of 1 visitin 8 months[85]. At the other extreme, 1 intervention
(that did not meet the inclusion criteria) encouraged users to
login at least once per week. When users did not log into the
system during a given week, the systems would email them a
reminder message, and if they still did not log in, the reminder
was repeated the following week. After not logging in for 2
weeks, the system made 2 subsequent telephone calls to the
users. If they still did not log in, staff would follow up with the
user to encourage their participation [95].

By better understanding the components of motivation,
promoters of healthy lifestyles can potentially design better
interventions. Motivation is a likely explanation for the
relationship between study adherence, intervention adherence,
and behaviora outcomes. Intervention designers could
potentially increase adherence by addressing the 2 common
dimensions of motivation: participants’ goal-commitment and
their ability/self-efficacy. For example, campaigns could benefit
by intentionally designing online interventions around goals
that appeal to the target audiences (following the socia
marketing approach), while al so offering tailored support toaid
participants who may lack ability or self-efficacy. Such an
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approach is similar to the Fogg behavioral model [93], which
offers guidelines on when to address users' motivation, ability,
or both.

The capacity to devel op mass-interpersonal onlineinterventions
may be limited by existing influence taxonomies that are not
suitable to describing the psychological profile of interventions
from an interpersonal or campaign perspective. During this
study’s initial review of influence systems [35], no systems
wereidentified that offered afull range of influence components
within a theoretically based framework suitable to campaign
applications. The CBICM developed for this meta-analysis
[34,35] integrates influence research from various disciplines
into asimple model that can aid intervention analysis or design
whether interventions are model ed on interpersonal, mass-media,
or mass-interpersonal interaction or whether they are modeled
on one-way or two-way communication. However, the CBICM
isonly asgood asthetaxonomiesit integrates. Within this study,
the taxonomies of behavioral change techniques [38] and of
behavioral determinants[50] proved to be highly robust coding
instrumentsthough they did not capturethefull range of factors
that may explain intervention efficacy. To compensate, it was
necessary to add factors from persuasive technology and other
behavioral sciencefields. During thismeta-analysis, the CBICM
proved to be an effective framework that can aid the science of
onlineintervention research and design. Additionally, asabroad
framework, there is scope to further expand and refine the
CBICM.

Limitations

The scope of onlineinterventionsin thisstudy islimited to those
targeting voluntary behavioral change, similar to the types of
interventions conventionally used in social marketing campaigns
for public health. While coding influence components, some
papers only provided vague descriptions, while others did not
describe influence components other than those that comprise
conventional therapy. It would have beenideal to codeinfluence
components directly from theinterventionsrather than research
papers. Control conditions were rarely described in enough
detail to code relative influence components with full
confidence. As some influence components were used more
often than others, this study may offer more reliable figuresfor
popular influence components, which draw from alarger pool
of studies. As there are few studies of online interventions
targeting voluntary behaviors, it was necessary to combine effect
sizes across behavioral domains. It would have been idea to
have at least 2 coders from which intercoder reliability
calculations could have been estimated.

Although authors of similar meta-analyses have conducted
numerous univariate analyses to assess effect sizes associated
with moderator variables [8,9], by calculating many influence
component effect sizes, this approach may have led to type |
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errors. false positives. While there is consensus that numerous
independent calculations will increase the odds of producing
false positives, there is no consensus on how to handle this
problem[56]. Inlight of thiscommon methodological limitation,
readers may reconsider the findings with a Bonferroni
correction. The psychological analysiscontained 52 independent
univariate effect size calculations (excluding the demographic
factors). Consequently, the CBICM presentation of influence
component effect sizes may be judged in light of a Bonferroni
correction where the traditional statistical significance test of
less than .05 is divided by the number of independent effect
size calculations (.05/52), which rounds up to a stringent
significance test of less than .001. A sizable proportion of the
psychological mediator analyses effect sizes met this
conservative statistical significance test.

Conclusions

The studies in this meta-analysis demonstrate that online
interventions targeting voluntary behavior change can work.
Compared with waitlists, they demonstrate moderate efficacy,
while compared with print materials, they offer similar impacts
but with the advantages of lower costs and broader reach.

In general, the interventions informed users about the
consequences of their behavior, helped them set and achieve
goals, taught them skills, and provided normative pressure.
Feedback mechanismswere common, with many interventions
using tailoring along with personalization and offering services
to track and report users' progress toward their goals.

Motivation may bethecritical factor that drives study adherence,
intervention adherence, and impact. Time proved to beacritical
factor, with impacts and adherence appearing to fade over time,
perhaps as motivation depreciated.

Psychological design appears relevant to intervention efficacy.
Although the relationships between the number of influence
components and behavioral outcomes were inconclusive, there
may be arelationship: Too few influence components may not
be enough to influence behavior, while too many may be
counterproductive. However, there may be a middle ground
comprising amodest number of relevant influence components.

These findings suggest it is feasible to deploy online
interventionsthat target individual -level behavior change, which
can be scaled to achieve population-level health benefits. Given
the high-reach and low-cost of online technologies, the stage
may be set for increased social marketing campaignsthat blend
mass-media outreach with interpersonal digital support. For
example, this means fewer public health campaigns that just
disseminate warnings or advice and more campaigns that offer
onlinetailored support in the form of digital therapiststhat help
citizens help themselves.
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