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Abstract
Objective—Computer-tailored interventions have become increasingly common for facilitating
improvement in behaviors related to chronic disease and health promotion. A sufficient number of
outcome studies from these interventions are now available to facilitate the quantitative analysis of
effect sizes, permitting moderator analyses that were not possible with previous systematic reviews.

Method—The present study employs meta-analytic techniques to assess the mean effect for 88
computer-tailored interventions published between 1988 and 2009 focusing on four health behaviors:
smoking cessation, physical activity, eating a healthy diet, and receiving regular mammography
screening. Effect sizes were calculated using Hedges g. Study, tailoring, and demographic moderators
were examined by analyzing between-group variance and meta-regression.

Results—Clinically and statistically significant overall effect sizes were found across each of the
four behaviors. While effect sizes decreased after intervention completion, dynamically tailored
interventions were found to have increased efficacy over time as compared with tailored interventions
based on one assessment only. Study effects did not differ across communication channels nor decline
when up to three behaviors were identified for intervention simultaneously.

Conclusion—This study demonstrates that computer-tailored interventions have the potential to
improve health behaviors and suggests strategies that may lead to greater effectiveness of these
techniques.
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Introduction
Health behaviors account for an estimated 60% of the risk associated with chronic illnesses
such as diabetes, cardiovascular diseases, and some cancers (Institute of Medicine, 2001). With
chronic illness responsible for the majority of deaths in the United States (Centers for Disease
Control, 2008), effective strategies must be developed and disseminated for improving health-
related behaviors on a population level. Computer-tailored interventions have become an
increasingly common strategy for altering health risk behaviors such as tobacco use, poor diet,
and lack of exercise that are linked to chronic disease. While early computer-tailored
interventions relied largely on print materials as a communication channel, with more recent
advances they can readily be provided via personal computer or even mobile phone, further
reducing their cost and expanding their availability. Tailored messages are thought to foster
behavior change by providing personally relevant feedback. For instance, a program could
assess an individual’s self-efficacy to quit smoking and suggest specific ways to increase
confidence for dealing with the smoking cues they identified as most difficult.

As methods of computer tailoring have developed, numerous variations on the concept of
tailoring have been employed in research trials, differing across number of contacts,
communication channel, theory, number of contacts, and other intervention options. Such
design decisions have usually been based on the assumption that each would contribute to the
efficacy of an intervention, yet little research has compared these potential moderators of
treatment efficacy across studies. These options have also led to confusion in distinguishing
computer-tailored from computer-delivered interventions. While computer-delivery is a type
of communication channel (such as printed letters), “computer-tailoring” is a method of
assessing individuals and selecting communication content using data-driven decision rules
that produce feedback automatically from a database of content elements. Computer tailoring
is thus a form of tailored communications which involve a “combination of strategies and
information intended to reach one specific person based on characteristics that are unique to
that person, related to the outcome of interest, and derived from an individual
assessment” (Kreuter and Skinner, 2000). This meta-analysis focuses on interventions that
tailored feedback to individual users by means of computer algorithms, regardless of whether
the feedback was delivered via print, telephone, or computer terminal.

Prior reviews of tailoring have drawbacks that limit their utility for advancing the effectiveness
of this methodology. Reviews that focus solely on one behavior such as mammography (Sohl,
2007), smoking (Strecher, 1999), or nutrition (Brug, et al., 1999) may confuse effects of
computer-tailoring with behavior-specific findings. Those that examine a specific intervention
medium such as interactive computer (Norman, 2007, Portnoy, et al., 2008) or print (Noar, et
al., 2007) limit tailoring to a single communication channel. Finally, those that have not
employed meta-analytic data analysis methods (Kroeze, et al., 2006, Ryan and Lauver, 2002,
Skinner, et al., 1999, Strecher, 1999) succumb to the drawbacks of significance testing and are
limited in their ability to analyze moderators. This study extends and builds upon the most
comprehensive meta-analytic review to date (Noar, et al., 2007) by examining both print and
computer-delivered interventions, by modeling weighted group variance for statistical tests,
and by systematically examining publication bias and study quality as is presently
recommended (Lipsey and Wilson, 2001). Unlike past reviews, this meta-analysis also
examines the effects of computer-tailored interventions across multiple outcome time points
and examines the efficacy of employing dynamic tailoring (assessing intervention variables
prior to each feedback) versus static tailoring (providing one baseline assessment on which to
base all successive feedbacks), which are important analyses for informing future intervention
design.
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The present study accounts for these additional moderators and reports the efficacy of computer
tailoring in facilitating health-related behavior change for smoking cessation, physical activity,
healthy dietary practices, and regular mammography screening across multiple outcome time
points. We hypothesize that non-engagement in each behavior as a participation criterion and
comparison to assessment-only control groups will be related to larger effect sizes (Tunis, et
al., 2003). Based on previous findings suggesting differences in study design, we also expect
that studies completed outside of the United States (Noar, et al., 2007), and those lower study
quality ratings (Moher, et al., 1998) will show larger effects. Additionally, we expect that
interventions provided for multiple behaviors simultaneously will show comparable effect
sizes to those that concentrate on one behavior alone (Prochaska, et al., 2008) and that dynamic
tailoring will not differ from static tailoring (Heimendinger, et al., 2005, Strecher, et al.,
2005). As demographic characteristics are often controlled for in randomization, we predict
that age, gender, and minority representation will not be related to effect size.

Methods
Search strategy

A combination of search methods was used to locate all published and in-press studies that
employed a tailored intervention. The electronic databases PsycInfo, PubMed, CINAHL, and
the Cochrane library were searched for studies using following terms: “(tailor*) and (compute*
OR feedback OR individualized)”, “expert system”, “e-health AND (tailor* OR feedback OR
individualized)”. Reference lists from published studies were examined, and authors were
contacted for additional information. Electronic databases were then re-searched for articles
published by authors previously identified to locate studies that may have employed similar
techniques.

Selection criteria
The search was inclusive of studies published from 1988 (the year of the first tailored feedback
study) to March 2009. Studies selected for analysis met the following criteria: a) were
“computer-tailored” in that they used computers to choose individual feedback based on
decision algorithms; b) provided the intervention primarily via communication channels that
did not use live counselors; c) included a non-tailored comparison group; and d) reported
sufficient statistical information to calculate effect size (e.g. means, standard deviations, odds
ratios, t- and p-values). The final analysis included smoking cessation, physical activity, dietary
practices, and mammography screening because the largest number of studies have been
completed focusing on these behaviors, thereby limiting heterogeneity and enabling stable
comparisons across behaviors.

Outcome selection
As has been suggested for improving the interpretation of clinical trial data (Thompson and
Schoenfeld, 2007, Tunis, et al., 2003), the minimal intervention (usually informational
pamphlet; see Table 4), was chosen as the reference group for effect size calculation over
assessment-only control groups where possible. When studies reported results at more than
one time point, the final time point was used, which ensures independence of data and is
consistent with procedures used by other reviews (Higgins and Green, 2009, Lancaster and
Stead, 2006). For longitudinal analysis, effect sizes were grouped into discrete categories by
final outcome time point from baseline with each study contributing no more than one effect
size. We also controlled for intervention length by regressing months since intervention
completion on effect size.
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Effect size determination
We employ Hedges g as the effect size (ES) statistic. Hedges g, as defined by Borenstein et al.
(2009), is a derivation of the mean difference (d) effect size that uses a pooled variance
component and uses a correction factor (J) for underestimation of the population standard
deviation such that

(eq. 1)

where

(eq. 2)

and

(eq. 3)

To combine outcomes with continuous and dichotomous formats, the odds ratio was
transformed to a standardized mean difference (Lipsey and Wilson, 2001). Each effect size
was weighted by its inverse variance weight in calculating mean effect sizes.

Variance modeling
Random and fixed effects estimates were calculated. A fixed effects model was employed for
moderator analysis because this model increases statistical power for detecting heterogeneity;
a random effects estimate assumes additional variance beyond the set of studies and facilitates
generalizability of results. Variability of the variance component was tested with the Q test,
the significance of which indicates that additional variance beyond that expected for the given
N exists in the scores and implies the existence of moderators.

Moderator analysis
Categorical moderators were examined using a test appropriate for meta-analysis that employs
weighted data and compares within and between groups heterogeneity (Lipsey and Wilson,
2001) using the Q statistic. Meta-regression was employed for analysis of continuous
moderators using a necessary correction for standard errors and statistical test values (Biostat,
2006). With a sample size of 10 or more studies (the case for most comparisons in the present
study), statistical power for detecting differences between groups was sufficient.

Sources of bias
If insufficient information was reported for effect size calculation, the study was excluded, but
if the study indicated that the effect was simply “nonsignificant” it was included with the effect
size entered as zero (which was needed only for one outcome). Mean effects were assessed for
degree of publication bias using two techniques: Orwin’s fail safe N and trim and fill. Orwin’s
fail-safe N calculates the number of studies with a null effect size needed to reduce the overall
effect to clinical nonsignificance. Clinical significance was set to g = 0.10 (OR = 1.18), which
would represent a difference in success rates about five percentage points higher in the
treatment vs. control group, a minimum assumed to be a meaningful effect in population-based
interventions (Rossi, 2003). Trim and fill is a technique developed by Duval and Tweedie
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(2000) that assesses the symmetry of a plot of effect size by sample size (funnel plot) under
the assumption that when publication bias exists, a disproportionate number of studies will fall
to the bottom right of the plot. This technique determines the number of asymmetrical
outcomes, imputes their counterparts to the left, and estimates a corrected mean effect size.

Coding and reliability
The primary author and trained master’s level graduate student conducted the initial literature
search and independently selected studies for inclusion. A coding manual was developed based
on a prior meta-analysis of health behavior interventions (Hall and Rossi, 2008). To ensure
data quality, a random subset of half the studies were coded by a trained masters-level graduate
student and discrepancies resolved. In addition, the primary author coded all studies twice as
a further check. Studies were assessed for quality using a 22-point coding scheme based on the
CONSORT (Boutron, et al., 2008) and QUOROM guidelines (Moher, et al., 1999) (see Table
5). The primary database was created using the Comprehensive Meta-Analysis software
package (Biostat, 2006).

Results
Search Results

The initial search retrieved 1,724 references. Of 173 potential studies that described an
intervention, 85 were excluded (see Table 6). Of 13 unique behaviors intervened upon, only
four were represented by a sufficient numbers of studies (at least 10) to include for analysis.
These were smoking cessation (k = 32), dietary fat reduction (k = 26), increasing fruit and
vegetable intake (k = 25) physical activity (k = 25), and mammography screening (k = 12). In
sum, 88 unique studies and effect sizes were used to compute the overall effect size with 119
effect sizes in total included for behavior-specific analyses representing 106,243 participants
(see Table 4).

Table 1 summarizes study attributes. Most studies used a proactive (vs. reactive) recruitment
strategy that individually reached out to participants (70.4%), and of those, 33.0% used random
sampling to identify the study population. Interventions were mainly delivered at home
(81.8%), using print (75.0%) and computer (21.6%) communication channels. Medical
institutions (38.6%), printed advertisements (such as in newspapers) (17.1%), and worksites
(12.5%) were the most popular recruitment approaches. The majority of studies were conducted
in the United States (72.7%), with 21.6% in Europe and the rest in Australia and New Zealand.
Studies were characterized by moderate to high recruitment (61.4%, range = 9.1–98.0%) and
retention rates (74.4%, range = 33.0–99.0). The average age of participants was 41.8 years
(range = 12.1–74.9) and 69.4% were female (range = 17.0–100.0%). Studies recruited an
average 23.2% of participants who identified as other than White with 10% being the median
percentage of non-White participants.

Overall Mean Effect Size
The overall effect size for the 88 tailored interventions was g = 0.17 (95% CI = 0.14-0.19)
using a fixed effects model and g = 0.17 using a random effects model (95% CI = 0.14-0.20).
Orwin’s fail safe N revealed that an additional 58 studies with null effects would be needed to
reduce the overall effect size to a clinically nonsignificant outcome (g = 0.10). Trim and fill
analysis for publication bias imputed eleven studies to the left of the mean, which would
minimally reduce the fixed effect estimate to g = 0.15 (95% CI = 0.13-0.17) (see Table 2).
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Effect Sizes by Behavior
Dietary Improvement—For dietary improvement behaviors, 26 studies reported dietary fat
outcomes and 25 reported fruit and vegetable intake outcomes (see Table 4), which were
analyzed separately. For dietary fat intake, the continuous variable of mean fat intake score
was the preferred outcome (16 studies). Percent calories from fat (5 studies) and percent
reaching Action or Maintenance stages (representing less than 30% of calories from fat) for
fat reduction (5 studies) were used alternatively when fat intake scores were not reported (see
Table 4). The mean effect size for dietary fat reduction was g = 0.22 (95% CI = 0.18-0.26), p
< .001 (see Table 2).

Twenty-five studies assessed fruit and vegetable intake and reported results using three
variables: a combined fruit/vegetable outcome (18 studies), separate fruit and vegetable
outcomes (5 studies), and percent reaching Action or Maintenance stages for eating 5 fruits
and vegetables (2 studies) (see Table 4). The combined measure was the preferred outcome
and the mean of both outcomes was taken when fruit and vegetable consumption were reported
separately. The mean effect size was g = 0.16 (95% CI = 0.10-0.21, p < .001) (see Table 2).

Physical Activity Promotion—The 25 studies focused on increasing levels of physical
activity and reported a variety of outcomes, which were chosen in decreasing order of clinical
importance: percent of participants reaching CDC physical activity criteria (10 studies), seven-
day physical activity recall (11 studies), and percent increasing physical activity (4 studies)
(see Table 4). The mean effect size was g = 0.16 (95% CI = 0.10-0.21, p < .001) (see Table 2).

Smoking Cessation—Studies reported smoking abstinence using various outcome
measures including 24-hour, 7-day, 28-day, 10-week, 6-month, and 9-month point prevalence.
Since 24-hour, 7-day, and 30-day point prevalence abstinence measures are highly correlated
(Velicer and Prochaska, 2004) these outcomes were analyzed together to increase the number
of included studies. Where studies reported more than one of these measures, 28-day abstinence
was preferred (9 studies), followed by 7-day point prevalence (19 studies), and then by 24-
hour point prevalence (4 studies) (Hughes, et al., 2003) (see Table 4). The mean effect for the
32 studies reporting point prevalence outcome was g = 0.16 (95% CI = 0.12-0.19, p < .001).
Nine-month, six-month and 10-week sustained abstinence outcomes were analyzed separately
to preserve similarly of measurement. Nevertheless, we calculated the mean effect for the 16
studies reporting prolonged abstinence measures and found a significant mean effect where
g = 0.24 (95% CI = 0.20-0.31, p < .001).

Mammography Screening—Twelve studies reported the percentage of participants
adherent to mammography recommendations. The mean effect size was g = 0.13 (95% CI =
0.08-0.18, p < .001).

Longitudinal Outcomes
Examination of effect size over time provides an important estimate of behavioral maintenance
associated with tailored interventions. As shown in Table 2 and Figure 1, effects peak from
4-12 months post baseline with a mean effect size of g = 0.20, and while they decline after 12
months post-baseline, the mean ES at long-term follow-up (g = 0.12) remains statistically
significant (95% CI = 0.08-0.16). To control for length of intervention, months since
intervention completion were regressed on ES. A significant negative trend of decreasing effect
size (B = -0.006, p = .001) was found, suggesting that after a year the average effect for
computer-tailored interventions would decrease by an average of g = 0.07.
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Moderator Analysis
Intervention characteristics—Number of intervention contacts was related to effect size
(B = 0.01, p < .001) such that mean effect size increased by an average of g = 0.01 for every
additional contact. Dynamic tailoring (i.e. iterative assessments and feedback) was associated
with larger mean effect sizes (g = 0.19) than static tailoring (g = 0.14) p = .01 (see Table 2).
Since some studies provided static feedback based on one baseline assessment at more than
one time point, differences in mean effect size between numbers of contacts (1 vs. more than
1) of statically tailored materials was also assessed. Inclusion of more than one statically
tailored communication was associated with larger effect sizes than use of only one contact
(g = 0.20 vs. 0.13, p = .02). Interestingly, longitudinal examination of effect size trends for
dynamic versus static tailoring (inclusive of multiple contacts) reveals a trend indicating that
dynamic tailoring results in higher effects in three of four time point categories (see Figure 2
and Table 3). While effects for all interventions decrease over time, only the effect size for
dynamic tailoring remains statistically significant at long-term follow-up past 12 months (g =
0.14), even though the time from final intervention to assessment was longer for dynamically
tailored studies (5.3 months) versus statically-tailored studies (3.5 months).

In terms of communication channel (i.e. print, computer, telephone, etc), effect sizes ranged
from 0.16-0.21 with no significant difference noted (p = .89). A trend was found for increasing
effect sizes across studies that intervened on one (g = 0.15), two (g = 0.21), and three (g = 0.24)
behaviors, but this trend did not continue with the one study at intervened on four behaviors
(g = 0.12).

Recruitment Strategies—No differences were found between studies employing proactive
(g = 0.18) and reactive (g = 0.17) recruitment strategies (p = .85). A nonsignificant trend (p = .
10) was found favoring studies that recruited participants who were currently not engaging in
a particular behavior (g = 0.18) versus studies that did not screen out participants who may be
already engaging in the behavior (g = 0.15).

Demographic Moderators—Studies conducted in the U.S. (g = 0.18) did not differ from
those based in other countries (g = 0.14), p = .12. When regressed on mean effect size, no
significant relationships were found by age, proportion of non-White participants, and gender
after controlling for the relationship between gender and behavior by excluding mammography
studies (see Table 2).

Study Quality and Design—Study quality (B = 0.01, p = .07) and retention rate (B = 0.06,
p = .33) were not related to mean effect size (see Table 2). Overall, 49 studies compared a
tailored intervention to a minimal intervention and 39 compared tailoring to an assessment-
only group, but effect sizes between study designs did not differ significantly (g = 0.18 vs. g
= 0.15, p = .20).

Discussion
This study computed a mean effect size for 88 studies that provided computer-tailored feedback
based on individual assessments using computer, print, or telephone communication channels.
We also examined moderators that were hypothesized to influence the effects of tailored
interventions. A significant effect size (g = 0.17) was found for tailored interventions averaged
across four health behaviors. The overall effect for tailored interventions represents a small to
medium-size effect for population-based interventions (Rossi, 2003) (where g = 0.15, 0.20,
and 0.25 for small, medium and large effects) and a 36% increase (OR = 1.36) over the control
conditions to which the interventions were compared. In addition, significant effects were
found for each of the behaviors examined individually. It appears that systematic differences
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in tailoring methods is an unlikely explanation for the range of effect sizes across behaviors
since the same research groups conducted interventions for each behavior and many tailoring
techniques were shared across groups. Other possibilities are base rates and differences in the
nature of the behaviors. Population rates of mammography (the lowest effect size reported) are
the highest (>66%) compared to the other behaviors, which may produce a ceiling effect. Each
behavior also presents a unique set of barriers to adherence and it is difficult to make
conclusions regarding the relative difficulty of changing distinct behaviors.

These data show that computer-tailored interventions would have clinically significant impact
on rates of behavioral risk factors. First, in terms of smoking cessation, the average point
prevalence abstinence was 20% at final follow-up versus 14% in the comparison group, a
clinically significant absolute increase of 6% in quit rates, and a rate comparable to that
observed with 4-8 individual in-person counseling sessions (Fiore, 2008). Second, for physical
activity, 43% of participants receiving computer-tailored communications were adherent to
physical activity recommendations (World Health Organization, 2002) at follow-up versus
only 34% in the comparison groups. With up to 40% of people in industrialized countries not
engaging in any regular physical activity (Bauman, et al., 2009), increasing rates of physical
activity by the rate produced by these interventions would have an important impact on health
outcomes. Third, since an estimated 27% of people eat five or more fruits or vegetables per
day (Centers for Disease Control and Prevention, 2007), increasing this rate by the effect size
found in this study for fruit and vegetable intake (OR = 1.36) would increase the absolute rate
of fruit and vegetable consumption to 37%, a meaningful change that is highly recommended
to prevent and control obesity and multiple chronic diseases (Centers for Disease Control and
Prevention, 2009). Finally, for receipt of least bi-annual mammography screening, computer-
tailored interventions resulted in 56% adherence versus 50% in control groups, an important
difference given that a secular trend reflecting a reduction of 4% in mammography screening
rates existed during the period in which most of these studies were conducted (Breen, et al.,
2007).

In terms of moderators of effect size, dynamically-tailored interventions outperformed
statically-tailored interventions, especially upon examination of longitudinal effects. The
larger effect size for dynamically tailored interventions could be explained by increased
number of overall contacts that dynamic tailoring necessitates, and indeed static tailoring with
more than one contact showed similar effects (g = .20) compared to dynamic tailoring (g = .
19). When examined longitudinally, however, greater intervention effects for dynamic tailoring
as compared to static tailoring with multiple contacts were seen in three of four outcome time
point categories (1-3, 4-6, and 13-24 months) and only dynamic tailoring remained significant
at long-term follow up, an important finding in terms of intervention maintenance. These results
suggest that more than just providing additional contact, updating feedback to reflect a person’s
changes may increase information relevance and depth of processing (Petty and Elster,
1981). The addition of systematic qualitative data as a complement to studies of dynamically
tailored interventions would help to clarify the processes involved in this observed effect.

No significant differences were found by communication channel (print, computer, or
automated phone). While conclusions cannot be drawn regarding automated phone
intervention delivery with only three studies, the lack of difference between print and computer
terminal-based feedback channels suggests that both channels can be effective means of health
communication.

It also appears that intervening on up to three multiple behaviors at the same time does not
negatively impact behavioral outcomes, with suggestion of a trend for larger effects as number
of behaviors increased from one to three. Individual studies also support the feasibility of
multiple behavior interventions (Vandelanotte, et al., 2008). The effectiveness of multiple
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behavior change could reflect an underlying general health orientation that influences
engagement in behaviors (Noar, et al., 2008, Prochaska, et al., 2008). Common change patterns
have also been found across behaviors for both decisional balance (Hall and Rossi, 2008) and
self-efficacy (Grembowski, et al., 1993) constructs, suggesting that similar principles can be
applied to changing distinct behaviors.

In terms of study design characteristics, a nominally significant (p = .10) trend was found
suggesting that including only participants not engaging in a behavior may mitigate
intervention effects. It was also predicted that reactive recruitment would result in larger effect
sizes under the assumption that participants responding to ads and actively volunteering would
be more ready to change. This hypothesis was not upheld, possibly because studies using
reactive strategies made efforts to recruit people who were less ready to change (Hageman, et
al., 2005, Prochaska, et al., 1993). Results did not favor non-U.S based studies as previously
found by Noar. Whereas their sample of studies conducted outside the U.S. used shorter follow
up time points, which likely explained this difference, our samples were similar in that non-
U.S. studies followed up at 8.9 months on average and U.S. studies did so at 9.3 months. Study
quality was also not related to effect size, which may be due to restricted range for the measure
given a standard deviation of 1.6 on the 22-point scale. Differences in effect size were not
found for mean age, percentage of minority participants, or gender likely attributable to efforts
in most studies to randomize by demographic characteristics.

Study Strengths and Limitations
This study has a number of strengths that enhance its contribution to the study of computer-
tailored interventions. First, it is the most representative and current review of studies that
employed computer tailoring. We included studies using three different communication
channels and searched multiple databases drawing from over 20 years of research. While
publication bias has been cited as a problem in meta-analysis, it is likely minimal given that
almost all intervention studies were large-scale funded projects. The fail-safe N suggests that
a large number of studies would be needed to lower the average effect size to clinical
nonsignificance. Second, this study distinguishes tailoring methodology from communication
channels as has not been done previously. Third, we employed well-established meta-analytic
techniques for effect size estimation and moderator analysis. Finally, we conducted novel
moderator analyses not covered in previous reviews, examining effect sizes across outcome
time points, intervention channels, multiple behaviors, design characteristics, and study
quality.

On the other hand, methodological considerations necessarily limit the conclusions able to be
drawn from the present work. First, given that effects decrease after intervention completion,
using the final assessment from each study may underestimate the potential of tailored-
interventions. If participant contact can be maintained, intervention effects may be higher than
found here. Second, this study reported primary analyses of computer-tailored interventions
and more work is needed to examine the relationship between effect size and additional
intervention variables. We are currently preparing an analysis that focuses on the utility of
tailoring options such as tailoring using specific constructs, use of theory, depth of tailoring,
cultural tailoring, etc. (Rimer and Kreuter, 2006).

Conclusion
The current analysis of computer tailoring indicates that this intervention technique can be
effective for supporting health-related changes across a number of behaviors linked to chronic
diseases. Dynamic tailoring using iterative assessment and feedback is an important
intervention strategy, and print, telephone, and computer-based communication channels are
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all effective for delivering intervention content. In addition, results demonstrate that multiple
behaviors can be targeted simultaneously without hindering intervention effectiveness.

This study also highlights areas for improvement with regard to intervention design as well as
study reporting. Regardless of tailoring method, intervention effects overall were found to
decline after intervention completion, suggesting the need for innovative techniques to help
participants maintain changes. In addition, while these programs produce clinically significant
effects, little data is available as to whether the interventions themselves are being sustained,
as would be necessary to decrease disease burden among populations. Further work needs to
analyze their cost-effectiveness and possibly investigate methods for integrating these methods
into clinical care systems in ways that they will be maintained over time and available to the
populations that would most benefit from them (Stellefson, et al., 2008). In addition, few studies
sufficiently reported methods for how assessments and feedback were integrated and no study
examined or even mentioned graphic/visual and human factors design issues, which may be
important moderators of effect in these communication modalities.

This study demonstrates that computer-tailored interventions have the potential to impact
health behaviors to a meaningful extent and suggests strategies that may lead to greater
effectiveness of these techniques. Further work is needed to improve intervention maintenance
and to define specific mechanisms, such as content and depth of tailoring, that promote optimal
effectiveness of computer-tailored interventions.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Trends in effect size over outcome time point
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Figure 2.
Trends in effect size over outcome time point by tailoring method
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Table 1

Study Attributes (Studies published 1988-2009)

Attribute k %

Recruitment Strategy

 Proactive 62 70.4

 Reactive 26 29.6

Random Sampling 29 33.0

Delivery Site

 Home 72 81.8

 Home + Clinic 1 1.1

 Clinic 6 6.8

 Store 1 1.1

 School 4 4.7

 University Lab 1 1.1

 Worksite 2 2.3

 Community Center 1 1.1

Intervention Method

 Computer 19 21.6

 Print 66 75.0

 Automated Phone 3 3.4

Recruitment Strategy

 Medical Clinic 18 20.4

 HMO insurer lists 16 18.2

 General Advertisements 15 17.1

 Worksite 11 12.5

 Random Dial or Mailing 8 9.1

 School 8 9.1

 Call in Center 6 6.8

 Community Center 3 3.4

 Church 2 2.3

 Website 1 1.1

Country

 United States 64 72.7

 Europe 19 21.6

 Australia 4 4.6

 New Zealand 1 1.1

Behaviors Intervened Upon

 One 65 73.9

 Two 16 18.2

 Three 6 6.8

 Four 1 1.1

Mean (SD) Median
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Attribute k %

Recruitment Rate (%) 61.4 (23.1) 68.0

Retention Rate (%) 74.4 (14.7) 75.0

Mean Age 41.8 (12.0) 41.1

% Female 69.4 (20.4) 67.3

% Minority 23.2 (30.5) 10.0
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Table 2

Effect Sizes and Moderator Analyses (Studies published 1988-2009)

Moderator k g 95% CI p

Mean Effect Size

 Fixed 88 0.17 0.14-0.19 < .001*

 Random 88 0.17 0.14-0.20 < .001*

Homogeneity Q (87) = 148.8, p < 0.001

Health Behavior

 Smoking Cessation 32 0.16 0.12-0.19 < .001*

 Dietary Fat Reduction 26 0.22 0.18-0.26 < .001*

 Fruit/Veg 25 0.16 0.10-0.21 < .001*

 Mammography 12 0.13 0.08-0.18 < .001*

 Physical Activity 25 0.16 0.10-0.21 < .001*

Tailoring Method

 Static 51 0.14 0.11-0.16 .01

 Dynamic 37 0.19 0.16-0.21

Number of contacts (static tailoring only)

 1 34 0.13 0.09-0.17 .02

 1+ 18 0.20 0.15-0.24

Recruitment Strategy

 Reactive 26 0.17 0.13-0.21 .85

 Proactive 62 0.18 0.16-0.20

Communication Channel

 Computer 19 0.16 0.12-0.21 .89

 Print 66 0.17 0.14-0.19

 Automated Phone 3 0.21 0.01-0.42

Longitudinal Effects

 1-3 months 27 0.18 0.14-0.21 .04+

 4-6 months 16 0.20 0.13-0.27

 7-12 months 25 0.19 0.16-0.23

 13-24+ months 19 0.12 0.08-0.16

Engagement in Behavior at Baseline

 No 49 0.18 0.15-0.22 .10

 Yes 39 0.15 0.13-0.18

Comparison Group

 Assessment Only 39 0.18 0.15-0.21 .19

 Minimal Intervention 49 0.15 0.12-0.18

Country

 U.S. 64 0.18 0.15-0.20 .12

 Non-U.S. 24 0.14 0.10-0.18

Number of Behaviors Intervened Upon
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Moderator k g 95% CI p

 1 65 0.15 0.13-0.17 .01

 2 16 0.21 0.16-0.26

 3 6 0.24 0.18-0.31

 4 1 0.12 -0.04-0.29

Demographics B p

 Mean Age -0.01 .84

 % Female (excluding mammography) -0.06 .27

 % Minority 0.03 .35

Study Quality 0.01 .07

Retention Rate 0.06 .33

Publication Bias

 Orwin’s Fail Safe N 58

 Trim and Fill 11 imputed to left of mean, g = 0.15 (0.13-0.17)

*
Indicates significance of mean effect size

+
Final outcome with each study was included once to ensure independence of observations
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Table 5

Study Quality Rating Criteria

Topic Item Descriptor

Introduction 1 Provides scientific background and explanation of rationale.

Methods Participants 2 - Eligibility/exclusion criteria for participants clearly described.

- Settings and locations where the data were collected.

Interventions 3 - Precise details of intervention intended for each group and how and when interventions were actually
administered and standardized.

- Details of how adherence to protocol was assessed or enhanced.

Objectives 4 Is the hypothesis/objective of the study clearly described?

Outcomes 5 Are the main and secondary outcomes clearly defined?

Measures 6 Was actual data or reference provided on reliability and validity of outcome measures?

Sample size & power 7 Description of systematic methods to determine sample size – specifically, mention that power analysis was
done in study planning.

Randomization 8 Were study participants randomized to intervention/control groups?

Implementation 9 Reporting of who enrolled participants and assigned them to groups?

Statistical methods 10 Were statistical methods used for main outcomes reported (e.g. ANOVA) and appropriate?

Adjustments 11 Was there adequate adjustment for confounding in the analyses or mention of moderator analyses including
clustering by provider when appropriate?

Results Participant flow 12 For each group report the numbers randomly assigned, receiving intended treatmnet, completing the study,
and analyzed for the primary outcomes.

Recruitment 13 Specifies dates of recruitment and follow-up.

Baseline data 14 Baseline demographic and clinical characteristics of each group (age, gender, race) along with difference
analysis on outcome variables based on potential moderators.

Numbers reported 15 - Number of participants (numerator and denominator) in each group (e.g. 10/20 not 50%) are reported
so that reader can check major findings.

- Type of analysis (ITT or not).

Outcomes and estimation 16 For all results, a summary of results including

- Summary of results for each group

- Actual p-values (e.g. p = .035 not p < .05)

- Estimates of variability (confidence intervals or SE, SD).

Ancillary analysis 17 Were any results based on data mining or comparisons that were not planned?

Adverse events 18 Have all important adverse events that may be a consequence of intervention been reported? Should be
answered yes if study mentions intent to measure such events.

Discussion 19 Interpretation of results taking into account study hypotheses, sources of potential bias or imprecision and
the dangers associated with multiplicity of analyses or outcomes.

External validity 20 Generalizability of the findings – mention as to what extent were subjects and intervention representative of
populations to which this intervention may be used.

Overall evidence 21 General interpretation of the results in the context of current evidence.

Funding 22 Acknowledgment of funding source/sponsorship or conflicts of interest.
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Table 6

Studies Excluded from Analysis

Behavior Citation Exclusion Criteria

Diet Blalock, DeVellis, & Patterson et al., 20021 Insufficient data reported

Diet Brinberg & Axelson, 19902 Counselor based

Diet Brinberg, Axelson, & Price, 20003 Counselor based

Diet Brug & van Assema, 20004 Results reported in Brug et al, 1998

Diet Brug, Glanz, & Kok, 19975 No intervention provided

Diet De Bourdeaudhuij, Brug, Vandelanotte, & Van Oost, 20026 Randomization and analysis according to family, not
individual

Diet de Vet, de Nooijer, de Vries, & Brug, 20087 No control group

Diet Esters, Boeckner, & Hubert et al., 2008 8 No behavioral outcomes reported

Diet Glanz, Murphy, & Moylan, et al., 20069 No control group

Diet Glasgow, Toobert, Hampson, & Strycker, 200210 Counselor based

Diet Gould & Anderson, 200211 No control group

Diet Jantz, Anderson, & Gould, 200212 No behavioral outcomes reported

Diet King, Estabrooks, & Strycker et al., 200613 Counselor based

Diet Oenema & Brug, 200314 No behavioral outcomes reported

Diet Oenema, Brug, & Lechner, 200115 No behavioral outcomes reported

Diet Sorensen, Thompson, & Glanz et al., 199616 Community intervention, no tailored component

Diet Stevens, Glasgow, & Toobert et al., 200217 Counselor based

Diet Stevens, Glasgow, & Toobert et al., 200318 Counselor based

Diet Veverka, Anderson, & Auld et al., 200319 No behavioral outcomes reported

Diet Winett, Wagner, & Moore et al., 199120 Not theoretically tailored

Diet Kreuter, Bull, Clark, & Oswald, 199921 No behavioral outcomes reported

Diet Tate, Wing, & Winett, 200122 Employed manually tailored intervention

Diet Tate, Jackvony, & Wing, 200323 Employed manually tailored intervention

Diet Phys Activity Glasgow, Boles, & McKay et al., 200324 Counselor based

Diet Phys Activity Clark, Hampson, Avery, & Simpson, 200425 Counselor based

Diet Phys Activity Booth, Nowson & Matters, 200826 No control group

Diet Phys Activity Plotnikoff, McCargar, & Wilson et al., 200527 Not tailored

Diet Phys Activity Vandelanotte, Reeves, & Brug et al., 200828 Results reported in Vandelanotte et al., 2005 study

Diet Phys Activity Vandelanotte, De Bourdeaudhuij, & Sallis et al., 200529 Insufficient data reported

Mammography Allen & Bazargan-Hejazi, 200530 Counselor based

Mammography Champion, Maraj, & Hui et al., 200331 Counselor based

Mammography Gustafson, McTavish, & Stengle et al., 200532 No tailored feedback provided
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Behavior Citation Exclusion Criteria

Mammography Jibaja-Weiss, Volk, & Kingery et al., 200333 Not theoretically tailored

Mammography McCaul & Wold, 200234 Employed manually tailored intervention

Mammography Meldrum, Turnbull, & Dobson et al., 199435 Targeted intervention, not theoretically tailored

Mammography Rimer, Halabi, & Skinner et al., 200136 Reported in Rimer et al., 2002

Mammography Stoddard, Fox, & Costanza et al., 200237 Counselor based

Mammography Williams-Piehota, Pizarro, & Schneider, et al., 200538 Lacked sufficient control group

Mammography Ryan, Skinner, & Farrell et al., 200139 No intervention provided

Phys Activity Brownson, Hagood, & Lovegreen et al., 200540 Results confounded with multilevel community
intervention

Phys Activity Castro, King, & Brassington, 200141 Focused on maintenance

Phys Activity Demark-Wahnefried, Clipp, & McBride et al., 200342 Results reported in Demark et al., 2007

Phys Activity Hurling, Fairley, & Dias, 200643 Insufficient data reported

Phys Activity Jacobs, Ammerman, & Ennett et al., 200444 Examined maintenance only

Phys Activity Marshall, Leslie, & Bauman et al., 200345 No control group

Phys Activity Marcus, Emmons, Simkin-Silverman et al., 199846 Results reported in Bock et al., 2001

Phys Activity Marcus, Lewis, & Williams et al., 200747 Results not reported

Phys Activity Purath, Miller, & McCabe et al., 200448 Counselor based

Phys Activity Van Sluijs, Van Poppel, & Twisk et al., 200549 Counselor based

Smoking Burling, Marotta, & González et al., 198950 Not behaviorally tailored

Smoking Carpenter, Watson, & Raffety et al., 200351 Intervention focused on provider training

Smoking Chouinard & Robichaud-Ekstrand, 200552 Counselor based

Smoking Cobb, Graham, & Bock et al., 200553 No control group

Smoking Gilbert, Nazareth, & Sutton et al., 2008 54 Results not reported

Smoking Klesges, DeBon, & Vander et al., 200655 Counselor based

Smoking Lenert, Munoz, & Perez et al., 200456 No control group. Non-randomized design

Smoking Levinson, Glasgow, & Gaglio et al., 200857 No behavioral outcomes reported

Smoking Orleans, Boyd, & Bingler et al., 199858 Counselor based

Smoking Pallonen, Veliver, & Prochaska et al., 199859 No control group

Smoking Rimer, Orleans, & Fleisher et al., 199460 Counselor based

Smoking Shegog, McAlister, & Hu et al., 200561 No behavioral outcomes reported

Smoking Shiffman, Rolf, Hellesbush et al., 200262 No tailored intervention

Smoking Stoddard, Delucchi, & Munoz et al., 200563 No control group

Smoking Wang & Etter, 200464 No control group

Smoking Webb, Simmons, & Brandon, 200565 No behavioral outcomes reported

Smoking Wiggers, Oort, & Dijsktra et al., 200566 No behavioral outcomes reported

Smoking Velicer & Prochaska 199967 No behavioral outcomes reported

Prev Med. Author manuscript; available in PMC 2011 September 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Krebs et al. Page 44

Behavior Citation Exclusion Criteria

Alcohol Use Butler, Chiauzzi, & Bromberg et al., 200368 Insufficient number of same behavior for comparison

Alcohol Use Kypri, Saunders, & Williams et al., 200469 Insufficient number of same behavior for comparison

Injury Prevention McDonald, Solomon, & Shields et al., 200570 Insufficient number of same behavior for comparison

Injury Prevention Nansel, Weaver, & Donlin et al., 200271 Insufficient number of same behavior for comparison

Organ Donation Reubsaet, Brug, & Kitslaar et al., 200472 Insufficient number of same behavior for comparison

Pain Nicholson, Nash, & Andrasik, 200573 Insufficient number of same behavior for comparison

Pain Wilkie, Huang, & Berry et al., 200174 No intervention provided

Risk Perception Kreuter & Strecher, 199575 Insufficient number of same behavior for comparison

Risk Perception Emmons, Wong, & Puleo et al., 200476 Insufficient number of same behavior for comparison

Cancer screening Kreuter, Skinner, & Steger-May et al., 200477 Behavior change not reported

Cancer screening Marcus, Mason, & Wolfe et al., 200578 Insufficient number of same behavior for comparison

Cancer screening de Nooijer, Lechner, & de Vries, 200279 Behavior change not reported

Sexual Risk Prevention Bellis, Grimley, & Alexander, 200280 No intervention provided

Sexual Risk Prevention Chesney, Koblin, & Barresi et al., 200381 Baseline data only

Sexual Risk Prevention Scholes, McBride, & Grothaus et al., 200382 Insufficient number of same behavior for comparison

Stress reduction Evers, Prochaska & Johnson et al., 200683 Insufficient number of same behavior for comparison

Sun Protection Bernhardt, 200184 Insufficient number of same behavior for comparison

Sun Protection Hornung, Lennon, & Garrett et al., 200085 Insufficient number of same behavior for comparison
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