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Abstract

Background: The Internet is increasingly used as a medium for the delivery of interventions designed to promote health behavior
change. However, reviews of these interventions to date have not systematically identified intervention characteristics and linked
these to effectiveness.

Objectives: The present review sought to capitalize on recently published coding frames for assessing use of theory and behavior
change techniques to investigate which characteristics of Internet-based interventions best promote health behavior change. In
addition, we wanted to develop a novel coding scheme for assessing mode of delivery in Internet-based interventions and also
to link different modes to effect sizes.

Methods: We conducted a computerized search of the databases indexed by ISI Web of Knowledge (including BIOSIS Previews
and Medline) between 2000 and 2008. Studies were included if (1) the primary components of the intervention were delivered
via the Internet, (2) participants were randomly assigned to conditions, and (3) a measure of behavior related to health was taken
after the intervention.

Results: We found 85 studies that satisfied the inclusion criteria, providing a total sample size of 43,236 participants. On
average, interventions had a statistically small but significant effect on health-related behavior (d+ = 0.16, 95% CI 0.09 to 0.23).
More extensive use of theory was associated with increases in effect size (P = .049), and, in particular, interventions based on
the theory of planned behavior tended to have substantial effects on behavior (d+ = 0.36, 95% CI 0.15 to 0.56). Interventions that
incorporated more behavior change techniques also tended to have larger effects compared to interventions that incorporated
fewer techniques (P < .001). Finally, the effectiveness of Internet-based interventions was enhanced by the use of additional
methods of communicating with participants, especially the use of short message service (SMS), or text, messages.

Conclusions: The review provides a framework for the development of a science of Internet-based interventions, and our
findings provide a rationale for investing in more intensive theory-based interventions that incorporate multiple behavior change
techniques and modes of delivery.

(J Med Internet Res 2010;12(1):e4)   doi:10.2196/jmir.1376
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Introduction

...without a scientific underpinning, the field [of Internet
interventions] may flounder [1] [LM Ritterband and DF Tate]

In June 2009 an estimated 25% of the world’s population had
access to the Internet, with estimates in Europe and North
America being considerably higher (50% and 74%, respectively)
[2]. Researchers in the field of health promotion have been quick
to capitalize on the exponential growth of the Internet, and over
the past decade, an increasing number of interventions designed
to promote changes in health behavior have been delivered via
the Internet [1,3]. For example, “Happy Ending” is a 54-week
Internet-based intervention designed to promote smoking
abstinence [4,5]. This intervention involves over 400 contact
emails that direct participants to a different webpage each day,
supplemented by interactive voice response (IVR) and short
message service (SMS) monitoring and prompts. Other
Internet-based interventions, however, simply involve
embedding a short planning exercise within an online lifestyle
survey [6,7].

Quantitative reviews of Internet-based interventions report
positive–albeit highly variable and often small–effects on
behaviors such as physical activity, tobacco use, exercise, and
so on [8-12]. However, previous reviews have not systematically
coded the characteristics of each Internet-based intervention
and computed the effect size associated with each [1]. The
limited analyses of this kind that have been conducted suggest
that this approach may provide insight into the characteristics
of effective versus less effective interventions. For example,
Portnoy et al [8] coded whether the intervention included
information, motivation, or behavioral skill components. The
findings suggested that the inclusion of motivational components
(eg, cost-benefit analyses) actually weakened the impact of the
interventions. Since the publication of the review by Portnoy
et al [8], a comprehensive taxonomy of behavior change
techniques has been published [13], along with a method for
assessing the extent to which behavioral interventions are
theory-based [14]; both these developments permit more
sophisticated coding of intervention content. Thus, the primary
aim of the present review was to use these new coding schemes
to identify the characteristics of effective Internet-based
interventions. A secondary aim was to develop a coding scheme
for the different modes by which Internet-based interventions
are delivered (eg, via scheduled access to an advisor or
automated feedback) and to link different modes of delivery to
effect size.

How Can the Characteristics of Internet-based
Interventions Be Conceptualized?
Three intervention characteristics may influence the impact on
behavior [15-18]: (1) the theoretical basis of the intervention,
(2) the behavior change techniques used, and (3) the mode of
delivery.

Theoretical Basis and Use of Theory and Predictors
Theoretical basis refers to the theory or theories used to develop
the intervention. For example, in an effort to promote physical
activity, Spittaels et al [19] directed participants to a website

that presented a tailored message based on the theory of planned
behavior [20]. In contrast, Carr et al [21] used social cognitive
theory [22] to develop a physical activity intervention that could
be delivered via the Internet. Theory can inform interventions
in a number of different ways, from identifying theoretical
constructs to be targeted (eg, attitude, self-efficacy) or
mechanisms underlying particular behavior change techniques
(eg, vicarious learning in modeling), to selecting participants
most likely to benefit (eg, people with particularly negative
attitudes). Despite assertions that use of theory leads to more
effective interventions [23-27], there is debate over the
importance of theory [28,29], and at present it is unclear whether
and how use of theory influences intervention effectiveness,
particularly in relation to Internet-based interventions [1]. A
large review of HIV-prevention interventions reported that use
of theory was positively related to extent of behavior change
[30], but this finding was simply based on whether or not theory
was cited. Although this is an important step in the right
direction, it would be useful to know how different uses of
theory impact on the effectiveness of interventions and whether
more extensive use of theory leads to larger effects than less
extensive use. Michie and Prestwich [14] have developed a
reliable coding scheme to assess the different ways that
behavioral interventions employ theory; use of this coding
scheme permits the present review to investigate these important
questions.

Behavior Change Techniques
Behavior change techniques refer to the specific strategies used
in the intervention to promote behavior change. For example,
some interventions designed to promote smoking abstinence
prompt barrier identification and problem solving (eg, [31]),
whereas other interventions prompt participants to monitor their
behavior (eg, [32]). In order to identify techniques contributing
to effectiveness across interventions and to ensure that effective
interventions can be replicated, it is crucial that standardized
definitions of the techniques included in behavior change
interventions are used and linked to intervention effectiveness
[33]. With this in mind, the present review used the taxonomy
of behavior change techniques developed by Abraham and
Michie [13] to code the content of the interventions.

Mode of Delivery
The interventions in the present review were delivered via the
Internet. The effects of this primary mode of delivery can be
estimated by examining studies that compare similar materials
presented via the Internet versus other modes, such as print
[34,35]. Internet-based interventions can, however, differ
substantially in their specific mode of delivery. For example,
content can be delivered in a more or less interactive manner
[36,37]. Interventions may also employ supplementary delivery
modes (eg, SMS messaging, email, telephone, or
videoconferencing) that may influence effectiveness. To our
knowledge, no coding scheme exists for assessing the mode
with which Internet-based interventions are delivered. Existing
coding schemes developed for systematic reviews of
non-Internet interventions [38] are not suitable because they
focus on the physical manner in which participants received the
intervention (eg, one-to-one or group) and the nature of the
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person delivering the intervention (eg, health educator or trained
facilitator). Therefore, the present review developed a new
coding scheme for assessing mode of delivery in Internet-based
interventions and used it to understand how each mode
influences the effectiveness of the intervention.

The Present Review
The present review sought to investigate which characteristics
of Internet-based interventions were associated with
effectiveness. By so doing, we answer the important applied
and theoretical questions: Which theories should researchers
draw on in developing interventions? How can theory best be
used to inform Internet-based interventions? What behavior
change techniques are effective when employed via the Internet?
Is the mode by which the intervention is delivered important?

Method

Selection of Studies

Identification and Screening
In July 2008 we conducted a computerized search using ISI
Web of Knowledge, which covers a number of databases
including Web of Science conference proceedings (1900-),
BIOSIS Previews (1985-), and Medline (1950-). We used the
following search terms: Web-based, Internet, digital, online,
technolog*, computer, treatment, RCT, trial, intervention,
behavio* change. (The asterisk automatically truncates the term
such that, for example, technolog* will also find technology,
technologies, etc). Studies had to include one or more of the
search terms in the title. We also sent an email to the distribution
list of the European Health Psychology Society to request
unpublished research. There were three inclusion criteria for
the meta-analysis. First, the primary components of the
intervention must have been delivered via the Internet (not
including CD-ROMs, SMS messaging, or other computer
applications). Second, the studies must have involved random
assignment of participants to a treatment group that received
an Internet-based intervention and a comparison group that

received either a control intervention or no intervention. Finally,
a measure of behavior related to health must have been taken
after the intervention. We did not include studies that only
measured symptoms (eg, anxiety, depression), cognitions (eg,
attitudes, intentions), outcomes presumed to be the consequence
of behavioral changes (eg, weight loss, blood glucose levels),
or behaviors unrelated to health (eg, use of literature services).

Eligibility and Inclusion
Figure 1 shows the flow of information through the different
phases of the review. We assessed 549 full-text articles for
eligibility. Of these, 140 studies (26%) were rejected because
the study did not include a measure of behavior related to health
(eg, [39]), 97 studies (18%) were rejected because the primary
components of the intervention were not delivered via the
Internet (eg, [40]), 88 studies (16%) were rejected because they
did not report intervention effects (typically, these were reviews
or protocol descriptions, eg, [41]), 84 studies (15%) were
rejected because they did not include a control group (eg, [42]),
20 studies (4%) were rejected because computers were used
only to tailor information that was presented in a
non-computerized format (eg, [43]), 17 studies (3%) were
rejected because they reported additional effects of an
intervention already included in the review (eg, [44]), 8 studies
(1%) were rejected because intervention effects were reported
in a manner that did not permit computation of an effect size
(eg, [45]). For these studies, it was decided not to estimate effect
sizes based on the significance levels reported because all the
effects for which full information was not available were
reported as non-significant. Assuming zero difference (d =
0.00) for these effects could systematically underestimate effect
sizes associated with particular intervention characteristics.
Finally, 5 studies (1%) were rejected because participants were
not randomly allocated to conditions (eg, [46]), and 4 studies
(1%) were rejected because the manuscripts were not written
in English (eg, [47]). In total, 85 reports of Internet-based
interventions met the inclusion criteria for the review.
Multimedia Appendix 1 presents the characteristics and effect
sizes associated with each intervention.
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Figure 1. Flow of information through the different phases of the review (adapted from [48])

Calculation of Effect Sizes for the Effect of
Internet-Based Interventions on Health-Related
Behavior
The effect size for post-intervention behavior differences
between the conditions was calculated in line with Cochrane
recommendations [49]. Specifically, the longest follow-up was
selected wherever possible. For example, where Brendryen et
al [5] followed up smokers at 3, 6, and 12 months, the 12-month
data was included in the review. Where studies examined more
than one behavior (such as Williamson et al’s study [50] of
weight loss behaviors in which exercise, overeating, and
avoidance of fattening foods were measured), the effect sizes
within the study associated with different behaviors were
meta-analysed in their own right prior to inclusion in the main
dataset. This procedure captures the richness of the data and
does not prioritize one outcome over another (eg, effects on
dietary outcomes and effects on physical activity are considered
equally important), while also maintaining the independence
of samples that is central to the validity of meta-analysis [51].
Intention-to-treat analyses were used wherever possible.
Following Portnoy et al [8], where studies employed more than
one comparison condition, we selected the most passive
comparison condition for ease of interpretation. For a detailed
discussion of considerations relating to choice of comparison
conditions, see Danahar and Seeley [53].

Coding of Intervention Characteristics

Use of Theory and Predictors
The coding scheme developed by Michie and Prestwich [14]
was used to code how theory and predictors (constructs that are
not explicitly linked to a theory by the authors but are targeted
for intervention because they predict behavior) were used in the
design of the interventions. Items 1 through 6 of the coding
scheme identify whether theory or predictors are mentioned and
whether they are used to select recipients for the intervention,
to select or develop intervention techniques, or to tailor
intervention techniques to participants. Items 7 through 11
examine whether intervention techniques are explicitly linked
to theory-relevant constructs or predictors and, conversely,
whether theory-relevant constructs or predictors are linked to
intervention techniques. Items 12 through 17 were not evaluated
in the present review because they do not pertain to use of theory
in developing the intervention. These items focus on
methodological issues (randomization and measurement quality)
and whether theory was refined on the basis of outcomes. Where
the theoretical basis of the experimental intervention was
identical to that of the comparison intervention (eg, [34]), the
intervention was coded as not having a theoretical basis that
could explain differences in effect size between the conditions.

In addition to considering each use of theory separately, we also
summed items 1 through 11 to create an overall “use of theory”
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score that could be used to evaluate whether more extensive
use of theory leads to larger effects than less extensive use. In
a slight change to the published recommendations, item 8 (“At
least one, but not all, intervention techniques are explicitly
linked to at least one theory-relevant construct/predictor”) was
coded as “yes” if item 7 (“All intervention techniques are
explicitly linked to at least one theory-relevant
construct/predictor”) was coded as “yes.” Similarly, item 11
(“At least one, but not all, theory-relevant constructs/predictors
are explicitly linked to at least one intervention technique”) was
coded as “yes” if item 10 (“All theory-relevant
constructs/predictors are explicitly linked to at least one
intervention technique”) was coded as “yes.” This ensured that
when we created the ”use of theory” score, reports that linked,
for example, all theoretical constructs with intervention
techniques, were also credited as linking some theoretical
constructs with intervention techniques.

Theoretical Basis
Interventions were coded as having a particular theoretical basis
only if the theory was used to develop the intervention
techniques (item 5 of the coding scheme of Michie and
Prestwich [14]) rather than theory being simply mentioned (item
1).

Behavior Change Techniques
The behavior change techniques used in the interventions were
coded using an augmented 40-item version [52] of the 26-item
taxonomy developed by Abraham and Michie [13] (see Table
2 for a list of techniques). Where the behavior change techniques
used by the experimental intervention were the same as those
in the comparison intervention (eg, [35]), the experimental
intervention was coded as not using any behavior change
techniques.

Mode of Delivery
Mode of delivery was coded using a novel coding scheme
developed by the present authors. For convenience, we divided
mode of delivery into (i) automated functions, (ii)
communicative functions, and (iii) use of supplementary modes.
Each category included a list of delivery modes, and we marked
whether or not each intervention used that mode. Automated
functions included: (a) the use of an enriched information
environment (eg, supplementary content and links, testimonials,
videos, or games), (b) automated tailored feedback based on
individual progress monitoring (eg, comparison to norms or
goals, reinforcing messages, or coping messages), and (c)
automated follow-up messages (eg, reminders, tips, newsletters,
encouragement). Communicative functions included: (d) access
to an advisor to request advice (eg, “ask the expert” facility,
expert-led discussion board, or chat sessions), (e) scheduled
contact with advisor (eg, emails), and (f) peer-to-peer access
(eg, buddy systems, peer-to-peer discussions boards, forums,
or live chat). Finally, use of supplementary modes included the
use of (g) email, (h) telephone, (i) Short Messaging Service
(SMS), (j) CD-ROM, or (k) videoconferencing.

The features of intervention delivery that we coded were, to a
large extent, constrained by the features that authors typically
report and that can be easily and objectively verified (eg,

whether text messages were used). The list is not intended to
be exhaustive and we recognize that there are other features that
may be important but that are not routinely used or reported, or
that are hard to measure. For example, navigational format (eg,
the extent to which users are “tunnelled” to particular
information vs given free choice [54]), entertainment value (eg,
use of quizzes, stories, graphics), appearance (eg, color, layout,
screen size [18]), and credibility (eg, the extent to which the
website cites sources, credentials). As Internet-based
interventions become more common and standards of reporting
improve, it should be relatively easy to integrate these additional
delivery features into the present coding scheme.

Meta-analytic Strategy
We used Hedges g as the primary estimate of effect size for
each intervention. Hedges g is the difference between the two
means (for experimental and control conditions, respectively)
divided by the pooled standard deviation. Computations were
undertaken using Comprehensive Meta-Analysis Version 2
(Biostat, Englewood, NJ, USA) [55] with the exception of
meta-regression computations for which we used the weighted
least squares regression command in SPSS 15 for Windows
(SPSS Inc, Chicago, IL, USA). Weighted average effect sizes
(d+) were based on a random effects model because studies were
likely to be “different from one another in ways too complex
to capture by a few simple study characteristics” [56]. Effect
sizes were interpreted using Cohen’s [57] guidelines. According
to Cohen, d+= .20 should be considered a “small” effect size,
d+= .50 is a “medium” effect size, whereas d+= .80 is a “large”
effect size. The homogeneity Q statistic [58] was used to
evaluate variability across effect sizes from the primary studies.
When Q is statistically significant it indicates that the effect
sizes are heterogeneous. For the meta-regressions, ß is beta
weight or coefficient assigned to the predictor and t (and the
associated P -value) tests whether the beta weight is significantly
different from zero.

Results

Effect of Internet-based Interventions on
Health-related Behavior
The weighted average effect size across all interventions was
d+= 0.16 with a 95% confidence interval from 0.09 to 0.23 based
on 85 studies (k = 85) and a total of 43,236 participants (see
Table 1). This means that the Internet-based interventions had,
on average, a small effect on health behavior according to
Cohen’s criteria [57]. While these qualitative indices are useful
for interpreting the findings of systematic reviews, however,
statistical effectiveness is not necessarily the same as clinical
effectiveness. For example, a relatively small effect of an
Internet-based intervention on smoking abstinence could have
substantial clinical significance [59]. On the other hand, an
Internet-based intervention that produces a reliable change in
fat intake has the potential to benefit a larger proportion of the
population than an intervention targeted at smokers. Given that
much of the cost associated with Internet-based interventions
is likely to be incurred at the design and development stage
rather than in delivering individual treatments, small effects
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with the potential to have an impact on large numbers of people
may thus be significant for patient or population health.

We also calculated effect sizes separately for commonly targeted
behaviors (see Table 1). Small, but significant, effects on
behavior were observed for Internet-based interventions that
targeted only physical activity (d+= 0.24, k = 20, 95% CI 0.09
to 0.38), dietary behavior (d+= 0.20, k = 10, 95% CI 0.02 to
0.37), or alcohol consumption (d+= 0.14, k = 9, 95% CI 0.00 to
0.27). Interventions that targeted smoking abstinence tended to
have slightly smaller effects on behavior that did not reach

statistical significance (d+= 0.07, k = 12, 95% CI -0.04 to 0.18).
Finally, we calculated effect sizes separately for interventions
that targeted multiple behaviors (eg, Williamson et al’s
intervention [50] targeted physical activity and dietary behavior)
and those that targeted a single behavior. Interventions that
targeted multiple behaviors tended to have slightly smaller
effects on behavior (d+= 0.12, k = 10, 95% CI 0.08 to 0.17) than
did interventions that targeted a single behavior (d+= 0.17, k =
75, 95% CI 0.09 to 0.24), although both effects were statistically
significant.

Table 1. Weighted effect sizes (d+) for behavior change as a function of Internet-based interventions by behavior type

d+
c95% CIQ bk aBehavior

0.24e0.09-0.38128.76f20   Physical activity

0.20f0.02-0.3730.82e10   Dietary behavior

0.14d0.00-0.2747.45f9   Alcohol consumption

0.07-0.04 to 0.1845.46e12   Smoking abstinence

0.12f0.08-0.177.9010   Interventions targeting multiple behaviors

0.17f0.09-0.24879.81f75   Interventions targeting a single behavior

0.16f0.09-0.23896.67f85   All studies

ak = the number of interventions included in the estimate of effect size
bQ = homogeneity for the subgroup of interventions
cd+ = weighted average effect size
dP < .05
eP < .01
fP < .001

Intervention Characteristics
Across all interventions, the homogeneity Q statistic was highly
significant (Q = 896.67, P < .001), which indicates considerable
variability across effect sizes from the primary studies. To
examine the impact of intervention characteristics on effect size,
we computed the weighted average effect size for behavior
change as a function of the theoretical basis of the interventions,
the different ways that the interventions used theory, the
behavior change techniques, and the mode of delivery. The
findings from these analyses are shown in Table 2. Multimedia
Appendix 2 shows the characteristics of each intervention.

Use of Theory and Predictors
Of the different uses of theory proposed by Michie and
Prestwich’s coding scheme [14], theory or predictors were most
commonly used to select or develop intervention techniques (k
= 37). Over 20% of the interventions, however, mentioned
theory (k = 30), linked at least one intervention technique to
theory (k = 19), linked at least one theory-relevant construct to
an intervention technique (k = 18), or mentioned a target
construct as a predictor of behavior (k = 18). Interventions that
used theory or predictors to select recipients for the intervention
tended to have the largest effects on behavior (d+= 0.33, k = 3,
95% CI 0.15 to 0.52) with most other uses of theory tending to
have smaller effects (Median d+= 0.19). Overall, meta-regression

indicated that increased use of theory had a significant positive
impact on effect sizes (ß = 0.22, t = 2.00, P = .049).
Interventions that made extensive use of theory tended to have
larger effects on behavior than did interventions that made less
extensive or no use of theory.

Theoretical Basis
Only three theories were used by three or more studies to
develop the intervention; social cognitive theory (SCT) [22],
the transtheoretical model (TTM) [60], and the theory of
reasoned action/planned behavior (TPB) [20,61]. Effect sizes
associated with interventions based on the TPB tended to have
larger effects on behavior (d+= 0.36, k = 9, 95% CI 0.15 to 0.56)
than did interventions based on the TTM (d+= 0.20, k = 12, 95%
CI 0.08 to 0.33) that, in turn, had larger effects than did
interventions based on SCT (d+= 0.15, k = 12, 95% CI 0.04 to
0.25).

Behavior Change Techniques
The most commonly used behavior change techniques (used by
30% or more of interventions) were providing information on
the consequences of behavior in general (k = 29), prompting
self-monitoring of behavior (k = 28), and identifying barriers
and/or problem solving (k = 26). The largest effects on behavior
were observed for interventions that provided stress management
(d+= 0.50, 95% CI 0.27 to 0.72) or general communication skills
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training (d+= 0.49, 95% CI 0.25 to 0.73), although these were
used by relatively few interventions (k = 5 and 3, respectively).
Modeling, relapse prevention/coping planning, facilitating social
comparison, goal setting, action planning, and provision of
feedback on performance all had effects on behavior that
exceeded d+= 0.20 (Median d+= 0.28). Finally, a few strategies
had small and non-significant effects on behavior: use of
follow-up prompts, self-monitoring of behavioral outcome,
emotional control training, and provision of information about
others approval. Overall, meta-regression indicated that the
number of behavior change techniques employed had a
significant positive impact on effect size (ß = 0.36, t = 3.48, P
< .001). Interventions that used more techniques tended to have
larger effects on behavior than did interventions that used fewer
techniques.

Mode of Delivery
Only one mode of delivery was used by 30% or more of
interventions–providing an enriched information environment
(k = 30). Over 20% of interventions, however, provided access
to an advisor to request advice (k = 23), used peer-to-peer access
(k = 20), used email in addition to the Internet-based intervention
(k = 19), or provided automated tailored feedback (k = 18). For
convenience of interpretation, effect sizes for modes of delivery
were divided into three subgroups: automated functions,

communicative functions, and use of supplementary modes. In
terms of automated functions, small, but significant, effects on
behavior were observed for interventions that provided
automated tailored feedback (d+= 0.18, k = 18, 95% CI 0.07 to
0.28) or an enriched information environment (d+= 0.15, k =
30, 95% CI 0.07 to 0.23). Interventions that provided automated
follow-up messages tended not to have significant effects on
behavior (d+= 0.09, k = 14, 95% CI -0.01 to 0.19). Of the
communicative functions, interventions that provided access to
an advisor to request advice tended to have small-to-medium
effects on behavior (d+= 0.29, k = 23, 95% CI 0.16 to 0.42),
while smaller effects on behavior were observed for
interventions that provided scheduled contact with an advisor
(d+= 0.22, k = 13, 95% CI 0.09 to 0.36) or peer-to-peer access
(d+= 0.20, k = 20, 95% CI 0.09 to 0.21). Finally, use of
additional modes appeared to have distinct effects on behavior
change with Internet-based interventions that also used text
messages having large effects on behavior (d+= 0.81, k = 4,
95% CI 0.14 to 1.49), Internet-based interventions using the
telephone having small-to-medium effects (d+= 0.35, k = 7,
95% CI 0.09 to 0.61), and interventions using email as an
additional mode of delivery tending to have small effects on
behavior (d+= 0.18, k = 19, 95% CI 0.07 to 0.29).
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Table 2. Effect sizesa by theoretical basis, use of theory, behavior change techniques, and mode of delivery. The numbering for use of theory, behaviour
change techniques, and the letters for mode of delivery correspond with those items in the coding frames and Multimedia Appendix 2.

d+
d95% CIQcKb

 

Theoretical Basis

0.36g0.15 to 0.56108.44h9Theory of reasoned action/planned behavior (TPB) [20,61]

0.20g0.08 to 0.3368.99h12Transtheoretical model (TTM) [60]

0.15g0.04 to 0.2518.6212Social cognitive theory (SCT) [22]

2Elaboration likelihood model (ELM) [62]

1Extended parallel process model (EPPM) [63]

1Self-regulation theory (SRT) [64]

1Precaution adoption process model (PAPM) [65]

1Diffusion of innovations model (DIM) [66]

1Health belief model (HBM) [67,68]

1Social norms theory (SNT) [69]

 

Use of Theory

0.33h0.15 to 0.522.8434. Theory/predictors used to select recipients for the intervention

0.23f0.03 to 0.439.8569. Group of techniques are linked to a group of constructs/predictors

0.21h0.13 to 0.29191.40h375. Theory/predictors used to select/develop intervention techniques

0.21g0.11 to 0.3160.07h182. Targeted construct mentioned as predictor of behavior

0.21g0.07 to 0.3467.75h116. Theory/predictors used to tailor intervention techniques to recipients

0.19h0.11 to 0.28161.33h301. Theory/model of behavior mentioned

0.19g0.09 to 0.2993.65h198. At least one of the intervention techniques is linked to theory

0.18f0.05 to 0.3257.13h123. Intervention based on single theory

0.18-0.02 to 0.3747.70h1010. All theory-relevant constructs are linked to intervention techniques

0.17g0.07 to 0.2770.63h1811. At least one of the theory-relevant constructs is linked to an intervention

technique

27. All intervention techniques are linked to theory

 

Behavior Change Technique

0.50h0.27 to 0.726.73535. Stress management

0.49h0.25 to 0.734.38339. General communication skills training

0.35e-0.01 to 0.7024.80h521. Model/demonstrate the behavior

0.32h0.17 to 0.4738.31h1434. Relapse prevention/coping planning

0.29f0.04 to 0.553.25427. Facilitate social comparison

0.27h0.16 to 0.38126.24h255. Goal setting (behavior)

0.25h0.13 to 0.37101.67h187. Action planning

0.22g0.09 to 0.3477.38h1919. Provide feedback on performance

0.20h0.10 to 0.30112.52h268. Barrier identification/problem solving
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d+
d95% CIQcKb

0.20h0.13 to 0.2897.95h2520. Provide instruction

0.20-0.17 to 0.575.45322. Teach to use prompts/cues

0.18g0.07 to 0.2894.32h164. Provide normative information about others’ behavior

0.18h0.10 to 0.2741.32h1528. Plan social support/social change

0.18h0.09 to 0.287.17713. Provide rewards for behavior

0.16h0.07 to 0.2480.81h2816. Prompt self-monitoring of behavior

0.14h0.06 to 0.21114.14h291. Provide information on the consequences in general

0.14g0.04 to 0.2447.57h122. Provide information on the consequences for individual

0.13-0.10 to 0.3539.35h526. Use of follow up prompts

0.12-0.03 to 0.2645.73h1317. Prompt self-monitoring of behavioral outcome

0.11f0.02 to 0.192.89312. Reinforcing effort toward behavior

0.09-0.03 to 0.2235.39h1136. Emotional control training

0.06-0.11 to 0.2310.48f53. Provide information about others’ approval

26. Goal setting (outcome)

210. Prompt review of behavioral goals

214. Shaping

223. Environmental restructuring

225. Prompt practice

124. Agree behavioral contract

131. Fear Arousal

132. Prompt self-talk

137. Motivational interviewing

09. Set graded tasks

011. Prompt review of outcome goals

015. Prompting generalisation of behavior

018. Prompting focus on past success

029. Prompt identification as role model

030. Prompt anticipated regret

33. Prompt use of imagery

38. Time management

40. Provide non-specific social support

Mode of Delivery: Automated Functions

0.18g0.07 to 0.2883.75h18b. Automated tailored feedback

0.15h0.07 to 0.23117.24h30a. Enriched information environment

0.09-0.01 to 0.1949.81h14c. Automated follow-up messages

Mode of Delivery: Communicative Functions

0.29h0.16 to 0.42121.15h23d. Access to advisor to request advice

0.22g0.09 to 0.3635.70h13e. Scheduled contact with advisor
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d+
d95% CIQcKb

0.20h0.09 to 0.2188.21h20f. Peer-to-peer access

Mode of Delivery: Additional Modes

0.81a0.14 to 1.4939.22h4i. Text message (SMS)

0.35g0.09 to 0.6119.02g7h. Telephone

0.18g0.07 to 0.29143.98h19g. Email

1j. CD-ROM

1k. Videoconferencing

aEffect sizes are ordered within category by size of effect. Characteristics supported by less than three interventions were not examined in order to
ensure reliable evaluations of the impact of particular intervention characteristics on effect size.
bk = the number of interventions included in the estimate of effect size
cQ = homogeneity across the subgroup of interventions
dd+ = weighted average effect size
eRemoving Mikolajczak et al [70] from the evaluation of the effects of modeling on behavior change rendered the effect size significant (k = 4, Q =
13.84, 95% CI 0.14 to 0.84, d+ = 0.49,P = .006)
fP < .05
gP < .01
hP < .001

Discussion

Overall Findings
The primary aim of the present review was to relate the
characteristics of Internet-based interventions to their
effectiveness in promoting health behavior change. Like
previous reviews, the interventions tended to have variable
effects on behavior (ie, the homogeneity Q statistic was
significant), and the average effect on behavior was statistically
small. Thus, while some interventions had very large effects (d
> 1.00) on behavior (eg, [21,71,72]), others were found to have
small or even negative effects on behavior (eg, [73,74]). The
considerable variability in the effectiveness of Internet-based
interventions makes it important to systematically identify the
characteristics of effective interventions and to relate these to
effect size.

Use of Theory
Interventions differed substantially in their use of theory, but
more extensive use of theory was associated with larger effect
sizes. This finding is consistent with assertions that interventions
can benefit from using behavior change theory [23-27] and
extends the evidence base to interventions delivered on the
Internet. Three theories–social cognitive theory (SCT) [22], the
transtheoretical model (TTM) [60], and the theory of reasoned
action/planned behavior (TPB) [20,61]–were used much more
frequently than others. However, only the use of the TPB to
inform intervention design led to substantially larger effects
than were observed across all interventions. Effect sizes were
small-to-medium, comparable to those reported in reviews of
non-Internet interventions that used the TPB to develop the
intervention [75], and were not simply the consequence of TPB
interventions targeting a different set of behaviors. (Interventions

based on the TPB targeted a similar range of health-related
behaviors to those based on the TTM or SCT.) The observed
effectiveness of the TPB in promoting health behavior change
stands in contrast to recent assertions that the TPB is primarily
a predictive model rather than a model of behavior change that
can inform interventions (eg, [76]). However, the heterogeneity
of effects across findings means that the findings should be
treated with caution and should provide an empirical basis for
experimental studies that can demonstrate cause and effect
[77,78]. Such studies are also important because Michie and
Prestwich’s coding of use of theory [14] used in the present
review is, necessarily, based on what is reported in the
manuscripts; it is of course possible that manuscripts can report
having used theory without actually having done so (and vice
versa).

Behavior Change Techniques
The finding that interventions that incorporated more behavior
change techniques tended to have larger effects than
interventions that incorporated fewer techniques justified the
investment in relatively elaborate interventions. This finding
may be a consequence of different techniques targeting different
aspects of the behavior change process [18], and future research
might usefully consider how particular combinations of
techniques might be especially effective in promoting behavior
change [33]. However, there is also evidence that very simple
interventions can prove effective in some contexts (eg, providing
instruction for influencing online food purchases [79] and if-then
planning for promoting dental flossing [7]), and issues of cost
versus benefit should always be a consideration in designing
interventions to promote health behavior change [80]. Tate et
al [81] provide a useful discussion of cost versus effectiveness
in relation to Internet-based interventions, and we echo their
call for future research to collect cost-effectiveness data.
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The two behavior change techniques that were associated with
the greatest changes in behavior were stress management and
general communication skills training. It is interesting that both
techniques influence behavior change indirectly via mechanisms
such as facilitating problem-solving, promoting self-efficacy
[82], or diminishing the impact of stressors that may prevent
behavior change [83]. However, relatively few interventions
employed these techniques, so the findings should be treated
with caution and form the basis for future research. Given the
effectiveness of stress management training, it is perhaps
surprising that emotional control training was less effective in
promoting behavior change. Of the 11 interventions (45%) that
incorporated emotional control training, 5 reported negative
effect sizes on behavior [31,32,84,85]. Authors reported that in
many of these interventions they simply included “strategies to
manage mood [85]”or “information on ... dealing with
relationships and feelings [31].” In contrast, stress management
training tended to be more intensive. For example, the
intervention reported by Hänggi [86] incorporated 4 stress
management modules that were based on cognitive behavioral
principles. Again, these differences might form a useful basis
for future empirical investigation.

Two other findings in relation to behavior change techniques
warrant comment. First, it was notable that providing
information about others’ approval (subjective or injunctive
norms) seemed to be less effective than providing normative
information about others’behavior (descriptive norms, d+= 0.06
and 0.18, respectively). This finding supports the distinction
between the two types of normative influence [87] and research
that shows that descriptive norms can exert a more powerful
effect on behavior and decision making than injunctive norms
(eg, [88,89]). Second, effect sizes associated with modeling,
while substantial overall, were also highly variable rendering
the overall estimate of effectiveness non-significant. Modeling
is usually used to boost self-efficacy [22], and the present
interventions tended to incorporate embedded videos
demonstrating the focal behavior within the online intervention
(eg, [70,90,91]). The variability in effect sizes in the present
review was primarily caused by Mikolajczak et al’s
“Queermasters” intervention [70], which reported a negative
effect on uptake of HIV testing at the three month follow up (d
= -0.23). The authors attributed this finding to the relatively
short follow-up, which may not have given participants
opportunity to act on their newly formed positive intentions.

Removing Mikolajczak et al from the evaluation of the effects
of modeling on behavior change rendered the effect size
significant (k = 4, Q = 13.84, 95% CI = 0.14-0.84, d+= 0.49, P
= .006).

Mode of Delivery
The present review developed a novel coding scheme for the
mode by which Internet-based interventions are delivered.
Dividing mode of delivery into automated functions,
communicative functions, and use of supplementary modes
proved informative, with distinct effects being identified within
each category. Text messages were highly effective and used
in several ways: to promote interaction with the intervention
[4,5], send motivational messages (eg, reminders of the benefits
of exercise [37]), challenge dysfunctional beliefs [71], or provide
a cue to action [35]. Use of communicative functions, especially
access to an advisor to request advice, also tended to be
effective. It may be that, although the Internet provides a suitable
medium for delivering interventions, personal contact via email
[92], online [93,94], or text message [95] helps to support
behavior change.

Conclusion
The present review is, to our knowledge, the first to
systematically code the characteristics of Internet-based
interventions designed to promote behavior change and to link
these characteristics to effect size. The strengths of the review
are the systematic, meta-analytic approach, the use of established
coding frames where possible, and the large number of different
interventions that focus on a range of different behaviors. The
findings suggest that the effectiveness of Internet-based
interventions is associated with more extensive use of theory
(in particular the use of the theory of planned behavior),
inclusion of more behavior change techniques, and use of
additional methods of interacting with participants (especially
text messages). The review provides a framework for research
that can contribute to a science of Internet-based interventions
[1] and our findings provide a rationale for investing in more
intensive theory-based interventions that incorporate multiple
behavior change techniques and modes of delivery. However,
the heterogeneity of effects across findings and the relatively
small number of interventions associated with some
characteristics mean that the findings should be treated with
caution and provide an empirical basis for experimental studies
that can demonstrate cause and effect.
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Abstract

Background: The Internet holds promise for the delivery of evidence-based weight loss treatment to underserved populations.
However, most studies do not reflect the more naturalistic and common ad libitum, or freely at will, use of the Internet. Randomized
clinical trials, for example, typically include at least some direct contact with participants and often have restrictive selection
criteria. There is a paucity of research examining utilization patterns of online weight loss programs, particularly in the rapidly
expanding direct-to-consumer arena.

Objectives: To examine self-reported characteristics (age, body mass index [BMI], gender), behaviors, and Internet site utilization
patterns of a sample of users of a direct-to-consumer ad libitum Internet weight loss program.

Methods: This study is based on analysis of archival data from the initial 15 weeks of an ongoing, free, evidence-based,
direct-to-consumer Internet weight loss program, the Healthy Weight Center, which included standard information about nutrition,
fitness, and behavioral strategies; monitoring tools; and moderated support group message boards. Participants encountered the
program through self-directed Internet searches and anonymously registered to utilize the site. Self-reported user characteristics
and electronically tracked utilization data were extracted from existing program data, compiled, and examined. Pearson correlations
were computed to examine the association of program utilization with age and BMI. One-way analysis of variance (ANOVA)
was used for gender comparisons.

Results: We examined data from the first 204 adult users of the program who were classified as either overweight (BMI 25 to

< 30 kg/m2) or obese (BMI ≥ 30 kg/m2). The mean age of participants was 42.0 years (SD 11.7), 81.9% (167/204) were women,

and mean BMI was 32.01 kg/m2 (SD 6.26). The percent of participants who used program tools was as follows: 13.7%, meal
planner; 10.8%, nutrition lookup: 17.6%, activity log; 14.2%, journal; and 22.1%, weight tracker. Participants also used the
following educational resources: nutrition, 13.2%; fitness, 6.4%; and behavioral, 7.4%. Of the personal self-assessments available
through the program, 57.8% of participants assessed personal barriers, and 50.5% assessed relationship with food. Only 7.8%
used the support group message boards. No significant associations between site utilization and age, gender, or BMI were found.
Reasons for wanting to lose weight were: health, 87%; appearance, 74%; mobility, 44%; doctor recommendation, 23%; and
spouse/friend suggested, 12%. The age participants reported first becoming overweight was young adulthood, 31%; late adulthood,
28%; childhood, 22%; adolescence, 17%; and as a toddler, 3%. Self-perceived factors contributing to weight gain were lack of
exercise for 70% of participants, emotions for 62%, overeating for 61%, and slow metabolism for 33%.

Conclusions: Internet weight loss programs reach many people who cannot access traditional treatment. However, users appear
not to be optimally utilizing key aspects of the weight loss intervention, such as education, monitoring, and support. This study
provides insight into the patterns of ad libitum use of an online weight loss program across multiple treatment-related domains
in a naturalistic Internet environment.
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Introduction

The Internet holds promise for the delivery of weight loss
programs to underserved populations. However, the majority
of published Internet weight loss research is from controlled
clinical trials [1]. Clinical trial-based eHealth interventions may
face challenges to generalizability relating to the inclusion of
direct personal contact and extensive screening that is not part
of a more naturalistic ad libitum, or freely at will, use of the
Internet, as is the case with most Internet users’ experiences
[2,3]. It also has been shown that eHealth programs are
susceptible to poor utilization and attrition, which further limits
their utility [4].

Internet-based weight loss research typically focuses on
treatment outcomes, overall attrition rates, site logins and
nutrition/weight tracking without consideration of the degree
to which the therapeutic intervention (eg, accessing assessments,
educational content, and support groups) was delivered [5]. If
we are to develop effective Internet weight loss programs, we
must ensure that the core treatment elements are being delivered.
Individual tailoring of content through user self-assessments
may be an effective approach to improving utilization. By using
brief online questionnaires to assess the range of issues that
may impact weight loss we may be able to deliver more
personally relevant content to each individual user that addresses
their particular area(s) of concern. Scientifically rigorous (ie,
meta-analytic) review of research evaluating the efficacy of this
approach is unavailable; however, narrative reviews have
suggested that self-assessments may be too time consuming and
thus unacceptable to the user [6,7]. Therefore, consideration of
the degree to which participants use interactive self-assessments
represents an important step in determining their feasibility.

In this analysis of archival data we examine website utilization
data gathered from a free, evidence-based, anonymously utilized,
direct-to-consumer weight loss program that includes nutrition,
fitness, and behavioral information; self-assessments; monitoring
tools; and moderated support group message boards.

Methods

Setting and Program Description
The Healthy Weight Center [8] is a free access, evidence-based
[9,10] Internet weight loss program that provides nutrition,
fitness, and behavioral information; monitoring tools; interactive
assessments with individually tailored feedback; and moderated
support group message boards (see Multimedia Appendix 1).
The Internet intervention is based on a review of design
principles and consumer testing across multiple eHealth
platforms (ie, smoking cessation, depression, panic disorder,
and problem drinking) and usability testing of this and our other
eHealth platforms [11]. The program utilizes free-form matrix
design, that is, all program elements are available to every user.

The program also provides an online program guide to facilitate
full utilization of the program elements.

The program was available for free to anyone having access to
the World Wide Web from any geographic region of the world.
There was no advertising or promotion of the program. A link
to the program was added to the Evolution Health corporate
site [12], and potential users could also encounter the program
using publicly available Internet searches. The period of data
collection for this study was the initial 15-week period of
program availability from May to Sept 2008. The program
continues to be available to the public. There was no formal
recruitment for the program. To enroll, users completed the
online registration process consisting of 14 questions that
included weight, height, date of birth, gender, email address,
occupation and questions relating to weight and dieting history.
Registrants were also asked to electronically endorse the
program disclosure agreement explaining that data were being
collected anonymously and that this unidentifiable information
would be used for research purposes.

Subjects
The subjects of this study were the first 204 individuals who
registered for the online weight loss program and who met the
following inclusion criteria: (1) 18 years or older, (2) body mass

index (BMI) classified as overweight (BMI 25 to < 30 kg/m2)

or obese (BMI ≥ 30 kg/m2); (3) completion of all questions
contained in the online registration process; and (4) endorsement
of the program disclosure agreement.

Of these 204 participants, 18.1% (37/204) were men, and 81.9%
(167/204) were women. The mean age of the participants was
42.0 (SD 11.7) years; 44.4 (SD 12.6) years for men, and 41.5
(SD 11.5) years for women. The mean BMI of the participants

was 32.0 (SD 6.3) kg/m2; 31.2 (SD 5.2) kg/m2 for men, and

32.2 (SD 6.5) kg/m2 for women.

Mean weight of the participants was 89.4 (SD 19.9) kg; 99.8
(SD 16.8) kg for men, and 86.9 (SD 19.3) kg for women. All
registrants with complete data were included for analysis
(N=204).Thirty-three subjects were excluded for missing (BMI)
data.

Data Collection
Data for the 204 registrants meeting the inclusion criteria were
extracted from the existing Healthy Weight Center database.
All online registration questionnaires for the Healthy Weight
Center program adhered to international privacy guidelines
[13,14]. Procedures were in accordance with the Helsinki
Declaration of 1975, as revised in 2008 [15]. Because the study
was based on the use of unidentifiable archival data, the study
was determined to be exempt from further review.

Personal characteristics and behaviors were based on registrants’
self-reported responses to the online questionnaires. We used
website analysis tools to determine the extent of program
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utilization for each participant. Utilization of each individual
program element was defined as accessing that program element
at least once: educational information (nutrition, fitness, and
behavioral), self-assessments (personal barriers and relationship
with food) [16], monitoring tools (weight tracker, exercise
tracker, journal, and nutrition lookup), and the moderated
support groups.

Statistical Analysis
Personal characteristics/behaviors and utilization data were
tabulated as percent reporting. To explore the influence on site
utilization of age (eg, younger individuals may be more Internet
savvy and thus engage in higher utilization) and BMI (eg,
heavier individuals may be more motivated and thus engage in
higher utilization), Pearson correlations were computed.
One-way analysis of variance (ANOVA) was used to consider
gender differences in demographic factors (ie, age, BMI) and
program utilization.

Results

Gender
One-way ANOVA revealed no significant differences by gender
for age (F1,202 = 1.8, P = .18), BMI (F1,202 = 0.7, P = .40), and
program utilization (F1,202 = 0.4, P = .53).

Program Utilization, Age, and BMI
The mean number of program elements utilized was 2.7 (SD
3.9). Pearson correlations revealed no significant correlations
of program utilization with age (N = 204; r = -.02; P = .78) or
BMI (N = 204; r = -.02; P = .81).

Utilization Patterns
Site utilization data for all users (N= 204) based on accessing
each tool at least one time is presented in Table 1. Site tools
used for monitoring key weight loss behaviors (meal planner,
nutrition lookup, activity log, journal and weight tracker) were
not highly utilized. Similarly, educational materials (nutrition,
fitness, and behavioral) and support group message boards were
not accessed by the majority of users. However, interactive
assessments (personal barriers and relationship with food),
showed relatively higher utilization.

Personal Characteristics/Behaviors
Data concerning personal characteristics/behaviors were
compiled for all participants (N = 204). When participants were
asked to indicate all applicable reasons for wanting to lose
weight 87% (177/204) endorsed health; 74% (151/204),
appearance; 44% (89/204), mobility; 23% (47/204), doctor
recommended; and 12% (24/204) indicated that a friend/spouse
suggested they lose weight. In terms of the age that users
reported first becoming overweight, 31% (63/204) reported
young adult onset, 28% (57/204) reported late adult onset, 22%
(44/204) reported onset during childhood, 17% (34/204) reported
adolescent onset, and 3% (6/204) reported first becoming
overweight as a toddler. Of the factors that participants believed
contributed most to their weight gain, the most frequently
endorsed items were: lack of exercise, endorsed by 70%
(143/204); emotions, endorsed by 62% (126/204); overeating,
endorsed by 61% (124/204); and slow metabolism, endorsed
by 33% (67/204).

Table 1. Utilization of program elements (N=204)

UtilizationProgram Element (see Multimedia Appendix 1)

n (%)

28 (13.7)Meal planner

22 (10.8)Nutritional data look up tool

36 (17.6)Activity log

29 (14.2)Journal

45 (22.1)Weight tracker

27 (13.2)Nutrition education

13 (6.4)Fitness education

15 (7.4)Behavioral education

16 (7.8)Support group message board

118 (57.8)Personal barriers assessment

103 (50.5)Relationship with food assessment

Discussion

Internet weight loss programs that provide evidence-based
intervention can reach many individuals who have limited access
to traditional treatments. However, website users may not be
utilizing Web-based weight loss resources optimally. The
standard of care in weight management involves nutrition,

fitness, and behavioral education; behavioral self-monitoring;
and use of personal support [9,10]. In our study of ad libitum
use of a Web-based weight loss program, participants did not
take full advantage of these essential treatment elements.

In our Internet weight loss program, interactive self-assessments
(eg, personal barriers and relationship with food) were more
highly utilized than the similarly interactive weight/fitness
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tracking tools and journaling. This finding suggests that
interactivity alone was not likely responsible for higher
utilization. A distinguishing feature of our interactive
self-assessments was the promise of personally relevant
feedback, which may have made these exercises particularly
appealing to the user. Evidence from previous studies suggests
that tailoring interventions to individuals may be an effective
tool in improving health behavior, but concerns arise about the
acceptability to participants of completing the self-assessments
that are needed to tailor content [6,7,17]. Our findings suggest
that users may actually prefer using interactive self-assessments
as compared with other program elements that were available
to them in our study (monitoring tools, educational content,
support group message boards). This finding highlights the need
for architects of Internet-based programs to explore increasing
the use of interactive exercises to tailor the user experience in
ways that increase personal relevance. This may be preferable
to relying on predetermined blocks of educational content to
deliver the necessary treatment elements. Furthermore,
identifying relevant baseline personal characteristics/behaviors
of users may also deserve further consideration. For example,
in this study, the majority of users reported that health, mobility,
and appearance were important contributors to their decision
to engage in the program. Perhaps by tailoring interactive
assessments and content to areas of relevance to the individual
user, we may be able to approximate the more typical in person
health care experience.

Finally, while we did not consider this directly in our study, the
literature suggests that utilization of therapeutic program
elements may be increased through novel approaches to
enhancing the user experience and including incentives such as
rewards for completing exercises. Architects of future

Internet-based weight loss programs should consider these
strategies [18,19,20].

Strengths and Limitations
This study provides insight into how individuals utilize Internet
resources in a natural setting as opposed to a clinical trial
environment. The relatively fewer barriers to enrollment, based
on this program’s open availability on the Internet in comparison
with the barriers to entry that are typical of Internet-based
clinical trials, is a particular strength. Also, few studies have
examined the utilization of specific program elements (eg,
educational materials, tools, and assessments), focusing instead
on broader criteria such as the total number of log-ins.
Limitations of our study include the small sample size in
comparison with other studies of natural use of Internet health
programs and lack of information about users’ geographic area
(eg, country of residence) each of which may limit
generalizability. Another limitation is the lack of information
about treatment outcomes and our inability to determine the
frequency (multiple accessing of each element) or extent
(amount of time spent using each element) with which elements
of the program were used, as our data was based on accessing
each element at least once. These factors are important
considerations for future studies.

Summary
This study provides insight into potential strategies for
optimizing program design to improve utilization of core
treatment elements of Internet-based weight loss programs. This
is a necessary step to ensure quality when widely disseminating
weight loss treatments. Future studies should include detailed
analysis of utilization patterns and their relationship to both
short- and long-term outcomes.
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Multimedia Appendix 1
Screenshots from the Healthy Weight Center Internet site illustrating the program elements outlined in Table 1
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Abstract

Background: The rapid expansion of the Internet has increased the ease with which the public can obtain medical information.
Most research on the utility of the Internet for health purposes has evaluated the quality of the information itself or examined its
impact on clinical populations. Little is known about the consequences of its use by the general population.

Objective: Is use of the Internet by the general population for health purposes associated with a subsequent change in psychological
well-being and health? Is the effect different for healthy versus ill individuals? Does the impact of using the Internet for health
purposes differ from the impact of other types of Internet use?

Methods: Data come from a national US panel survey of 740 individuals conducted from 2000 to 2002. Across three surveys,
respondents described their use of the Internet for different purposes, indicated whether they had any of 13 serious illnesses (or
were taking care of someone with a serious illness), and reported their depression. In the initial and final surveys they also reported
on their physical health. Lagged dependent variable regression analysis was used to predict changes in depression and general
health reported on a later survey from frequency of different types of Internet use at an earlier period, holding constant prior
depression and general health, respectively. Statistical interactions tested whether uses of the Internet predicted depression and
general health differently for people who initially differed on their general health, chronic illness, and caregiver status.

Results: Health-related Internet use was associated with small but reliable increases in depression (ie, increasing use of the
Internet for health purposes from 3 to 5 days per week to once a day was associated with .11 standard deviations more symptoms
of depression, P=.002). In contrast, using the Internet for communication with friends and family was associated with small but
reliable decreases in depression (ie, increasing use of the Internet for communication with friends and family purposes from 3 to
5 days per week to once a day was associated with .07 standard deviations fewer symptoms of depression, P=.007). There were
no significant effects of respondents’ initial health status (P=.234) or role as a caregiver (P=.911) on the association between
health-related Internet use and depression. Neither type of use was associated with changes in general health (P=.705 for social
uses and P=.494 for health uses).

Conclusions: Using the Internet for health purposes was associated with increased depression. The increase may be due to
increased rumination, unnecessary alarm, or over-attention to health problems. Additionally, those with unmeasured problems
or those more prone to health anxiety may self-select online health resources. In contrast, using the Internet to communicate with
friends and family was associated with declines in depression. This finding is comparable to other studies showing that social
support is beneficial for well-being and lends support to the idea that the Internet is a way to strengthen and maintain social ties.

(J Med Internet Res 2010;12(1):e6)   doi:10.2196/jmir.1149
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Abstract

Background: Physical activity is associated with reduced risks of many chronic diseases. Data collected on physical activity
in large epidemiological studies is often based on paper questionnaires. The validity of these questionnaires is debated, and more
effective methods are needed.

Objective: This study evaluates repeated measures of physical activity level (PAL) and the feasibility of using a Java-based
questionnaire downloaded onto cell phones for collection of such data. The data obtained were compared with reference estimates
based on the doubly labeled water method and indirect calorimetry (PALref).

Method: Using a Java-based cell phone application, 22 women reported their physical activity based on two short questions
answered daily over a 14-day period (PALcell). Results were compared with reference data obtained from the doubly labeled
water method and indirect calorimetry (PALref). Results were also compared against physical activity levels assessed by two
regular paper questionnaires completed by women at the end of the 14-day period (PALquest1 and PALquest2). PALcell, PALquest1,
and PALquest2 were compared with PALref using the Bland and Altman procedure.

Results: The mean difference between PALcell and PALref was small (0.014) with narrow limits of agreement (2SD = 0.30).
Compared with PALref, the mean difference was also small for PALquest1 and PALquest2 (0.004 and 0.07, respectively); however,
the limits of agreement were wider (PALquest1, 2SD = 0.50 and PALquest2, 2SD = 0.90). The test for trend was statistically significant
for PALquest1 (slope of regression line = 0.79, P = .04) as well as for PALquest2 (slope of regression line = 1.58, P < .001) when
compared with PALref.

Conclusion: A Java-based physical activity questionnaire administered daily using cell phones produced PAL estimates that
agreed well with PAL reference values. Furthermore, the limits of agreement between PAL obtained using cell phones, and
reference values were narrower than for corresponding estimates obtained using paper questionnaires. Java-based questionnaires
downloaded onto cell phones may be a feasible and cost-effective method of data collection for large-scale prospective studies
of physical activity.

(J Med Internet Res 2010;12(1):e2)   doi:10.2196/jmir.1298
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Introduction

Physical activity is associated with reduced risks of several
chronic diseases such as cardiovascular diseases, diabetes, and
certain cancers [1,2]. To further explore the preventive effects
of physical activity, more epidemiological studies with solid
data collection are needed. Because energy expenditure affects
energy balance and thus body weight and composition, an
important health-related consequence of physical activity is the
amount of energy expended when being physically active.
Energy expenditure in response to physical activity can be
measured as total energy expenditure divided by basal metabolic
rate (physical activity level, PAL) or as total energy expenditure
minus basal metabolic rate (activity energy expenditure, AEE).

In free-living subjects the best method of assessing PAL and
AEE is to combine measurements of total energy expenditure
assessed using the doubly labeled water method with
measurements of basal metabolic rate assessed using indirect
calorimetry [3-5]. In the doubly labeled water technique [6],
carbon dioxide production is estimated as the difference between

the turnover rates of two tracer isotopes (2H and 18O) in the
body water pool from which energy expenditure is calculated[6].
The method has been successfully validated in human subjects
[6] and is unique since it can assess energy expenditure over a
period of days and weeks in free-living individuals with minimal
interference with daily life activities. However, this method of
assessing PAL and AEE using the combination of the doubly
labeled water method and indirect calorimetry was developed
for clinical settings and is less suitable for larger
population-based studies [4].

Other available methods of assessing energy expenditure due
to physical activity are activity records, heart rate monitors, and
accelerometers [4,5]. The accuracy of these methods is debated,
and they are demanding for study participants and study
personnel. The method most commonly used by epidemiologists
is to administer paper questionnaires where participants report
their physical activity retrospectively. Such questionnaires are
easy to use and non-invasive [7-13] but are prone to bias since
they rely on memory [14]. Neilson et al [15] reviewed a large
number of studies where AEE estimates obtained using
questionnaires had been compared with reference estimates
based on the doubly labeled water method and indirect
calorimetry. They concluded that most questionnaires are not
sufficiently valid to assess AEE, indicating the need for new
approaches within this area [15]. Telecommunication
technologies have created possibilities for accurate real-time
data collection and may thus reduce information bias due to
retrospective data collection [16]. The high access to cell phones
makes these devices potential tools for large-scale data
collection in population-based studies, and previous studies
have demonstrated the feasibility of collecting data using short
message service (SMS), or text, messaging through cell phones
[17,18]. SMS has been used in intervention trials, therapy

management systems [19,20], as well as studies involving
physical activity and weight loss [21-26]. With cell phones
connected to the Internet, Web-like applications and more
advanced questionnaires resembling Web-based questionnaires
are also made possible [27-29].

The primary aim of this study was to validate PAL values
aggregated over 14 days against reference estimates based on
the doubly labeled water method and indirect calorimetry. The
aim was also to evaluate the feasibility of collecting repeated
measures of PAL through a Java-based questionnaire
downloaded onto cell phones. Two traditional paper
questionnaires were also used to compare the validity of the
PAL estimates based on questionnaires administered daily over
cell phones with the validity of the PAL estimates based on
paper questionnaires administered retrospectively.

Methods

Subjects and Study Overview
Twenty-two healthy women were recruited to a study on energy
metabolism and physical activity by means of advertisements
in the local press between September 2007 and February 2008.
The women were employed in different areas of work, such as
office work, nursing, and childcare. On the morning of the first
day, basal metabolic rate was measured. Each woman was then
given a dose of stable isotopes and asked to collect urine samples
during the subsequent 14-day period to measure total energy
expenditure. (Measurement of metabolic rate, isotope
administration, urine collection, and urine analysis are explained
in more detail below.) A reference PAL (PALref ) covering this
14-day period was calculated as total energy expenditure divided
by basal metabolic rate.

Each woman was instructed over the phone in how to download
the Java-based questionnaire. Before the installation, the women
were registered on a study-specific website. If a woman’s cell
phone didn’t support the Java script, the study center lent her a
phone that did. During the 14-day period, each woman received
a text message every day at 9pm to remind her to answer the
two questions about her physical activity during the same day
through the Java-based questionnaire on her cell phone. The
two questions were: (1) How physically active have you been
during work/daytime today? and (2) How physically active have
you been during leisure time/evening today? (Table 1). Answers
to the questions were delivered to the study center in real-time
through the cell phone’s online connection and could be
monitored on the study-specific website. If a woman did not
reply, the study center sent her an additional SMS as a reminder.
At the end of the 14-day period, each woman delivered the urine
samples to the study center and while there answered two paper
questionnaires regarding her physical activity during the
preceding 14-day period. The study was designed according to
the Helsinki Declaration and was approved by the Central
Ethical Review Board in Stockholm, Sweden.
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Table 1. The two questions administered using participants’ cell phones

PAL ScoreAnswer Category

PAL: Derived Score for each Category[30]a1. How physically active have you been during work/daytime today?

1.55a. Mostly sitting

1.65b. Sitting/standing/walking

1.85c. Standing/walking most of the time

2.2d. Heavy work

Additional Contribution to PAL [31]a2. How physically active have you been during leisure time/evening today?

+0a.Mostly sitting

+0.06b. Light/walking 30min

+0.15c. Moderate/cycling≥30min

+0.29d. Sport/cycling≥60min

aSee text for an explanation of how PAL was calculated from cell phone questions

Cell Phone Application
The download of the Java-based cell phone application was
initialized through a WAP-push message. The Web client is
built on Ajax in the Wicket application. The Web and
application server was developed on Spring to build and run

Java application and Hibernate to perform object relation
mapping and query to the database. The database for collected
information was MySQL, and Linux was used as the operating
system. All data traffic was through https (hypertext transfer
protocol secure). The procedure is described in Figure 1.

Figure 1. Schematic figure of the data communication between the cell phone, web application server, study-specific webpage, and the database
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Measurement of basal metabolic rate and total energy
expenditure
Basal metabolic rate was measured in the following manner.
On the morning of the first day of the study, each woman’s
carbon dioxide production and oxygen consumption were
measured after an overnight fast and 45 minutes of rest by
indirect calorimetry during a 20-minute period using a ventilated
hood system (Deltratrac Metabolic Monitor, Datex
Instrumentarium Corp, Helsinki, Finland). The women came
to the hospital by car to keep physical activity to a minimum.
Carbon dioxide production and oxygen consumption were
converted to basal metabolic rate through the equation by Weir
[32].

To obtain measures of total energy expenditure, each woman
was given an accurately weighed dose of the stable isotopes

deuterium and oxygen-18 (0.09 g2H20 per kg body weight and

0.23 g H2
180 per kg body weight) after having collected two to

three background urine samples. Women collected another six
urine samples on days 1, 4, 6, 8, 11, and 15 after the day of
dosing. Isotopic enrichments of dose and urine samples were
analyzed as described by Lof et al [33]. Analytical precision

for results expressed in ppm was 0.22 for2H and 0.03 for18O.
Carbon dioxide production was calculated as described by
Coward [34] with deuterium and oxygen-18 dilution spacesas
the distribution spaces matching their respective rate-constants
for isotopic disappearance and assuming 30% of water losses
to be fractionated. The ratio between deuterium-space and
oxygen-18 space was 1.033 ± 0.006. Total metabolic rate was
calculated from carbon dioxide production assuming the food
quotient to be 0.85 [35]. For one subject, the same dose and
urine samples were analyzed nine times. The following
coefficients of variation were obtained: 1.2% for total energy
expenditure, 0.3% for total body water, and 0.15% for the ratio
between deuterium-space and oxygen-18 space.

Calculation of PAL From Cell Phones
Women’s answers to the two short questions about physical
activity during the same day were converted to PAL according
to the values shown in Table 1 that corresponded to participants’
responses. All data were displayed on the study-specific website
and stored in the local database. The two questions were derived
in order to cover work/daytime and leisure time/evening
activities. To our knowledge, these specific questions have not
been used before, but a similar approach has been used in other
studies [36,37]. PAL was calculated daily by adding the PAL
value obtained from question 1 to the contribution of PAL from
question 2. The PAL values for each option during work/day
time (question 1) were obtained from Black et al [30], and the
contribution to PAL from activities during leisure/evening time
(question 2) was calculated from published values for energy
costs for walking and cycling [31].Black et al derived the PAL
values for different categories of work from 500 measurements
based on the doubly labeled water method and indirect
calorimetry [30]. The published energy costs (so called
metabolic energy transfer, or MET, values) are total energy
expenditure when walking and cycling divided by basal
metabolic rate. These values were derived from measurements

of energy expenditure using indirect calorimetry in laboratory
settings [31]. PALcell was calculated as the mean of the 14 PAL
values for days 1 through 14.

Calculation of PAL From the Two Paper
Questionnaires
Questionnaires 1 and 2 are displayed in Multimedia Appendix
1. Questionnaire 1 consisted of one simple question that has
been used in previous epidemiological studies [38,39]. Each
woman graded her physical activity level during the last two
weeks between 1 and 10, where 1 is very low, and 10 is very
high. Women were informed that the value 1 should be
interpreted as a sedentary lifestyle, while the value 5 represented
a few long walks per week, and the value 10 represented
exercise several times a week. The answer was converted to
PALquest1 . Value 1 represented a PAL value of 1.3. Each step
up to 10 represented a 0.1 increase up to 2.2.

Questionnaire 2 required each woman to report the number of
hours and minutes spent in nine different activity categories
with assigned MET values [38] during one average 24-hour
period during the last two weeks [8]. PALquest2 was calculated
as MET times the number of minutes for each activity category
divided by 1440 minutes.

Calculation of AEE
For each woman, PALcell, PALquest1, and PALquest2 were
converted to corresponding measures of activity energy
expenditure (AEE), that is AEEcell, AEEquest1, and AEEquest2,
and were calculated as (PAL times basal metabolic rate) minus
basal metabolic rate. Reference estimates of AEE (AEEref) were
calculated as total energy expenditure minus basal metabolic
rate.

Statistical Analysis
Values are given as mean ± SD. Significant differences between
mean values were identified by repeated measures analysis of
variance (ANOVA) with subsequent post hoc analyses using
Tukey’s multiple comparison tests after having ascertained that
the values were normally distributed. The agreement between
PALcell, PALquest1 , and PALquest2 versus PALref was evaluated
using the Bland and Altman procedure [40]. This procedure is
used to evaluate the agreement between estimates obtained using
an alternative method and estimates obtained using a reference
method. According to the procedure, the difference between
the estimates obtained from the alternative and reference
methods (y) was plotted against the average of these two
estimates (x) for all subjects. The mean difference ± 2SD for
all subjects was then calculated. Two SD was chosen as the
measure of variation since this estimate corresponds to the limits
of agreement used by Bland and Altman. To test for trend within
methods, a linear regression model was fitted between x and y.
The same procedure was used for AEE values. Intraclass
correlation was used to measure intraindividual variation of
daily physical activity levels through cell phones. All statistical
tests were done on a two-sided 5% level of significance. All
statistical analyses were performed using SAS 9.1.3 (SAS
Institute Inc, Cary, NC, USA).

J Med Internet Res 2010 | vol. 12 | iss. 1 |e2 | p.30http://www.jmir.org/2010/1/e2/
(page number not for citation purposes)

Bexelius et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Results

Characteristics of Participants
Characteristics of women who participated in the study are
shown in Table 2. The women represented a wide range of age,
body mass index (BMI), and body weight. Of the 22

participating women, 4 had a BMI greater than 25 kg/m2, and

2 had a BMI greater than 30 kg/m2. None of the women were
smokers, and all but 4 had a university or college degree. At
baseline, 5 women (23%) reported that they never exercised, 5
women (23%) reported that they exercised 1 to 2 times per
week, while 12 women (54%) reported that they exercised 3
times a week or more.

Table 2. Characteristics of the 22 women in the study

Q3bQ1aMedianRangeMean ± SDCharacteristic

42293720-4535.1 ± 8.3Age (years)

25.120.522.117.7-33.623.7 ± 3.8BMI (kg/m2 )

1.741.651.691.55-1.811.69 ± 0.06Height (m)

73.458.765.547-10267.2 ± 13.3Bodyweight (kg)

4130-52.4 ± 1.8Exercise (hours/week during the last year)c

aFirst quartile: cutoff for lowest 25%
bThird quartile: cutoff for lowest 75%
cDefined as regular exercise (eg, sports, aerobics or running) during the year before the study. Walking or cycling for transportation (eg, to or from
work) was not included.

Procedure
Of the 22 women, 14 (64%) had a cell phone that supported the
Java-based application, and 8 (36%) borrowed a cell phone from
the study center. During the 14-day period, all women but 2
answered all questions. Of the 2 women who did not answer all
questions, one failed to report once, and the other, twice. For
these women, PALcellwas based on 13 and 12 days of reporting,
respectively. None of the women asked to terminate the
reporting before the end of the 14-day period, and at the end of
the study, all women expressed little or no burden of completing
the reporting during the 14-day period.

PAL Assessed Using Cell Phones
Table 3 demonstrates total energy expenditure and basal
metabolic rate as well as PAL obtained using different methods.
On average, PALcell was 1.82. This value was not statistically
significantly different from PALref , which was 1.83. The Bland
and Altman plot for PALcell in comparison with PALref is shown
in Figure 2. The mean difference for PALcell and PALref was
small (0.014), and the limits of agreement were 2SD = 0.29.
The test for trend was not statistically significant. The regression
equation was y = -0.58 x + 1.05;r = -0.38;P = .08.

Table 3. Total energy expenditure,basal metabolic rate, and physical activity level (PAL) obtained using different methods in 22 Swedish women

Q3bQ1aMedianRangeMean ± SDMeasurement

116209960106408130-1312010810 ± 1410Total energy expenditure(kJ/24h)

6250549058404920-79505900 ± 710Basal metabolic rate(kJ/24h)

1.921.711.861.61-2.111.83 ± 0.14PALref

1.891.751.821.66-2.011.82 ± 0.10PALcell

2.001.601.851.50-2.201.84 ± 0.23PALquest1

2.181.541.751.47-3.011.90 ± 0.43PALquest2

aFirst quartile: cutoff for lowest 25%
bThird quartile: cutoff for lowest 75%
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Figure 2. Bland and Altman plot comparison of physical activity level obtained using cell phones during 14 days (PALcell) and physical activity level
obtained using a combination of the doubly labeled water method and indirect calorimetry (PALref)

PAL Assessed Using Paper Questionnaires
The average PALquest1was 1.84 while the average PALquest2was
1.90 (Table 3). None of these values was statistically
significantly different from PALref. The Bland and Altman plots
for PALquest1and PALquest2in comparison with PALrefare shown
in Figure 3 and Figure 4. The mean difference was small for
both PALquest1and PALquest2compared with PALref(0.004 and

0.07 respectively). However, the limits of agreement were wider
than for PALcell (PALquest1 , 2SD = 0.51 and PALquest2 , 2SD =
0.90). The test for trend was statistically significant for
PALquest1(the regression equation was y = 0.79 x - 1.45; r =
0.44; P= .04) as well as for PALquest2(the regression equation
was y 1.58 x - 2.88; r= 0.65; P< .001). Thus, both questionnaires
(in particular questionnaire 2) overestimated higher PAL values
while they underestimated lower PAL values.

J Med Internet Res 2010 | vol. 12 | iss. 1 |e2 | p.32http://www.jmir.org/2010/1/e2/
(page number not for citation purposes)

Bexelius et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 3. Bland and Altman plot comparison of physical activity level obtained using the first questionnaire (PALquest1) and physical activity level
obtained using a combination of the doubly labeled water method and indirect calorimetry (PALref)

Figure 4. Bland and Altman plot comparison of physical activity level obtained using the second questionnaire (PALquest2) and physical activity level
obtained using a combination of the doubly labeled water method and indirect calorimetry (PALref)
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AEE From Cell Phones and Paper Questionnaires
AEEcell, AEEquest1, and AEEquest2versus AEEref are shown in
Table 4. The results were very similar to results for the PAL

estimates. Similar results were obtained when the results were
expressed as AEE in kJ/24h and per kg body weight (data not
shown).

Table 4. Comparison of activity energy expenditure (AEE) assessed by cell phones and questionnaires in relation to reference estimates in 22 Swedish
women

P fr e2SD for the
Mean Differ-
ence

(kJ/24h)

Mean Difference
(kJ/24h)

Measurement

0.64-0.11238095AEEcell 
a- AEEref

b

0.050.423630200AEEquest1 
c- AEEref

< .0010.734980540AEEquest2 
d -AEEref

aAEEcell= Activity energy expenditure obtained using the cell phone
bAEEref= Total energy expenditure minus basal metabolic rate
cAEEquest1= Activity energy expenditure obtained using questionnaire 1
dAEEquest2= Activity energy expenditure obtained using questionnaire 2
eThe correlation coefficient for the linear regression between the average of the alternative method and the reference method and the difference between
them. For instance, the r value when AEEcell- AEEref was regressed on the average of AEEcell and AEEref.
fP-value for the r-value

Day-to-Day Variation in PAL Obtained Using Cell
Phones
PAL obtained using cell phones varied considerably from day
to day during the 14-day study period (Figure 5). The intraclass

correlation coefficient for the 22 women was estimated to be
0.20; thus about 20% of the variation is between women, while
about 80% of the variation is due to day-to-day differences.
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Figure 5. Daily PAL values obtained using cell phones during day 1 through day 14 for twelve selected women compared with PALref (covering the
whole 14-day period and shown as a straight dotted line for each woman)

Discussion

This study describes a novel approach to collecting data on
physical activity using a Java-based physical activity
questionnaire administered repeatedly through cell phones. The
results indicate that measuring physical activity through cell
phones is a promising method of assessing PAL that could be
used in large-scale epidemiological studies.

The method generated high compliance and high acceptance
among the participants. On average, PAL obtained using cell
phones agreed well with reference estimates of PAL obtained
using the doubly labeled water method and indirect calorimetry.
Also the PAL values assessed by means of the two paper
questionnaires were in good agreement with reference estimates.
However, the limits of agreement for the difference between
PAL obtained by cell phone and reference PAL were narrow
(2SD = 0.29), while the corresponding limits for the two paper
questionnaires were much wider (2SD = 0.51 for questionnaire
1 and 2SD = 0.90 for questionnaire 2). Furthermore, both
questionnaires produced biased results (especially questionnaire

2), overestimating PAL of physically active women while
underestimating PAL of less active women.

Only two previous studies have compared PAL estimates
obtained from paper questionnaires to reference estimates for
healthy adults based on the doubly labeled water method and
indirect calorimetry. In these studies, paper questionnaires
underestimated PAL by 0.12 units (6%) [33] or overestimated
PAL by 0.31 units (31%) [41]. In our study, the cell phone
estimates agreed by 0.01 units or 1% compared with the
reference estimates on average. Only one of the former studies
reported 2SD of the difference between PAL obtained using
paper questionnaires and reference estimates. Their limits of
agreement were wider than for the cell phone estimates in this
study (2SD being 0.64 compared with 0.29) [33].

When expressing the results as AEE, the cell phone questions
overestimated reference estimates of AEE by only 2% on
average. For comparison, in the recent review by Neilson et al
[15], only eight of twenty studies reported a mean difference in
total energy expenditure or AEE less than 10%, and only four
reported a mean difference less than 2% compared with
reference estimates. Two SD was 2380 kJ/24h for the difference
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between AEEcell compared with AEEref. These limits of
agreement are narrower than for most paper questionnaires that
have been evaluated previously using reference estimates [15].

Our results showed a minor tendency (although not statistically
significant) for PAL to be underestimated for physically active
women using the cell phone questionnaire (Figure 2). This may
be explained by the fact that in the current version, leisure
activities included only walking, cycling, and sports. Other
common everyday activities like gardening, moving, or playing
with children may also increase PAL. Such activities could be
included in a future version to test if they improve the ability
of the cell phone questions to assess PAL of individual women.
But the underestimation might also be explained by a skewed
scale in the cell phone questionnaire, and that the options that
require a higher level of physical activity should be given higher
values.

Many paper questionnaires are designed to assess AEE. When
comparing AEE between individuals, it should be expressed in
kilojoules per kg body weight since smaller individuals have
smaller AEE. This is a concern in epidemiological studies where
body weight is often self-reported, creating a risk of bias. PAL
is independent of body weight. In this study, PAL was chosen
since our overall goal was to develop a procedure for use in
epidemiological settings. Reference estimates of PAL were
assessed as total energy expenditure divided by basal metabolic
rate. Total energy expenditure consists of basal metabolic rate
(50-70%), energy expenditure due to physical activity (20-40%),
and diet-induced thermogenesis (5-10%). Thus, in the
calculations of PAL, diet-induced thermogenesis was included.
However, the cell phone and questionnaire estimates of PAL
were calculated using published values for PAL [30] and MET
[31], which also included diet-induced thermogenesis.

Figures 3 and 4 indicate that both questionnaires overestimated
PAL of active women and underestimated PAL of more
sedentary women. These results were obtained using the average
of the alternative and reference method on the x-axis as
described by Bland and Altman [40]. However, in some studies
only the standard method is used on the x-axis. Had this
procedure been used, the correlations would be somewhat
different. According to Bland and Altman, using only the
reference value will likely show a correlation whether there is
a true association between difference and magnitude or not [42].
Thus, in this study, the average value was used on the x-axis.

Only 2 of the 22 women missed a reporting occasion (one failed
to report once, the other, twice), indicating a high compliance
for the study method. The high compliance may be due to the
SMS sent as a reminder. The technique also provides a
possibility for the study center to monitor whether the participant
answers the cell phone questions during the study period. These
features are an advantage compared with ordinary paper-based
physical activity records. None of the 22 women expressed any
concerns or that having to report daily had interfered with daily
life.

The two questions were downloaded onto cell phones using a
Java-based application; thus the participants had to have access
to a cell phone with Java support. Out of the 22 women, 14

(64%) were able to download the Java-based questionnaire onto
their own cell phone while 8 (36%) borrowed a cell phone from
the study center. The same distribution of access to cell phones
supporting a Java-based questionnaire was seen in another
unpublished study. The advantage with Java in Web-based
applications is that more advanced applications can be used,
and the cost of data transfer is lower than the cost of sending
an SMS. Furthermore, the Java program can also store data if
the online connection is poor and then send the data once the
signal is stronger. Once the program had been downloaded on
the participant’s cell phones, the time and effort from the study
center was minimal as all communications were automatically
managed by the application server. As the cell phone
questionnaire included only two questions, the questions could
be asked through SMS or interactive voice response (IVR) in
order to increase the accessibility, though these techniques allow
less advanced interface and are more dependent on connection
to the cell network. However, both these techniques are
accessible to all cell phones and have been used to communicate
with patients in intervention and therapy studies [17,21,43].

The strengths of this study are that this is the first study to have
developed and evaluated a cell phone based method of assessing
PAL, and that gold standard methods were used as reference
methods. One possible limitation of the PAL cell phone
estimates is that they were based on self-report. Still, the mean
difference ± 2SD between PAL obtained using cell phones and
reference estimates was smaller than earlier studies that reported
evaluations of PAL or total energy expenditure that had been
assessed using objective methods like accelerometry [33,44].
The present study is small, with only 22 participants, but the
study participants represented a wide range of BMI, exercise
habits, and age. They were also a group of well-educated, highly
motivated, and moderately active women. The results might
not be applicable to other populations or subgroups in other
social settings with a different age distribution or different levels
of physical activity.

In this study high within-subject variation in relation to
between-subject variation was noted for the cell phone estimates.
The high within-subject variability is a natural consequence
(although not shown earlier in this way) of subjects having
different levels of physical activity from day to day, but it may
also indicate that the cell phone questionnaire may not have
captured all of the information about subjects’physical activity.
We aimed to develop a simple procedure to classify physical
activity levels of subjects suitable for epidemiological studies
that could predict health outcomes many years later. For this
purpose, short-term (day-to-day or hour-to-hour) variation is
likely not a problem. However, our procedure may need
modification to be useful for intervention studies since such
studies may require more detailed information, such as the type
and duration of physical activities performed. We cannot exclude
the possibility that the low between-subject variation was to
some extent due to the fact that our study participants were a
relatively small group of women. However, this study is a first
step toward developing and evaluating a unique cell phone
strategy to assess PAL. These first results in a group of healthy
Swedish women are promising, and the next phase should
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include evaluations in other populations including men and
different age groups.

Using the procedure described by Bland and Altman, the cell
phone estimates produced narrow limits of agreement when
compared with reference estimates. We can only speculate why,
but it may be due to the fact that the cell phone questions were
answered every evening, reducing the reporting error due to
loss of memory. Another reason may be that the procedure takes
advantage of a technique (cell phones) that is associated with
“instant answers” which also may reduce reporting error. Paper
questionnaires may provide subjects with more time to reflect
on their answers and also to consider their total activity level,
which may make subjects more prone to adjust their answers
in order not to be “too inactive,” for example.

Noteworthy is that the more detailed paper questionnaire used
in this study was not superior to the use of only one rating
question in assessing total physical activity. This finding
supports the result from a recent study in rheumatoid arthritis
patients, where good agreement was found for PAL values
obtained through two questions on physical activity compared
with reference estimates [36]. Future studies should evaluate if
these results are also valid for other populations including men
and other age groups.

In this study, large day-to-day variations in PAL were shown,
indicating the need for repeated measurements within subjects
to decrease this variation. When repeating the questions, it was
possible to obtain average PAL estimates typical for individuals.
Furthermore, this study shows that cell phones are useful tools
for repeated collection of PAL values. This procedure for
gathering information about physical activity has a great
potential for large-scale prospective epidemiological studies.
The cell phone-based procedure could also be used for data
collection of other variables in epidemiological settings where
variation could be decreased by repeated measurement, such as
assessment of energy intake or other health-related variables.

In conclusion, a Java-based physical activity questionnaire
administered using cell phones produced average PAL estimates
that agreed well with PAL reference values. Furthermore, the
limits of agreement between PAL obtained using cell phones
and reference values were narrower than for the corresponding
estimates obtained using paper questionnaires. Java-based
questionnaires downloaded onto cell phones may be a feasible
and cost-effective method of data collection for large-scale
prospective studies of physical activity.
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Abstract

Background: Other patients’ stories on the Internet can give patients information, support, reassurance, and practical advice.

Objectives:  We examined which search facility for online stories resulted in patients’ satisfaction and search success.

Methods:  This study was a randomized controlled experiment with a 2x2 factorial design conducted online. We facilitated
access to 170 stories of breast cancer patients in four ways based on two factors: (1) no versus yes search by story topic, and (2)
no versus yes search by writer profile. Dutch speaking women with breast cancer were recruited. Women who gave informed
consent were randomly assigned to one of four groups. After searching for stories, women were offered a questionnaire relating
to satisfaction with the search facility, the stories retrieved, and impact of the stories on coping with breast cancer. Of 353 enrolled
women, 182 (51.6%) completed the questionnaire: control group (n = 37), story topics group (n = 49), writer profile group (n =
51), and combination group (n = 45).

Results:  Questionnaire completers were evenly distributed over the four groups (χ2
3 = 3.7, P = .30). Women who had access

to the story topics search facility (yes vs no): were more positive about (mean scores 4.0 vs 3.6, P = .001) and more satisfied with
the search facility (mean scores 7.3 vs 6.3, P < .001); were more positive about the number of search options (mean scores 2.3
vs 2.1, P = .04); were better enabled to find desired information (mean scores 3.3 vs 2.8, P = .001); were more likely to recommend
the search facility to others or intend to use it themselves (mean scores 4.1 vs 3.5, P < .001); were more positive about how
retrieved stories were displayed (mean scores 3.6 vs 3.2, P = .001); retrieved stories that better covered their information needs
(mean scores 3.0 vs 2.6, P = .02); were more satisfied with the stories retrieved (mean scores 7.1 vs 6.4, P = .002); and were more
likely to report an impact of the stories on coping with breast cancer (mean scores 3.2 vs 2.9, P =. 02). Three main effects were
associated with use of the writer profile search (yes vs no): being more positive about (mean scores 3.9 vs 3.6, P = .005) and
more satisfied with the search facility (mean scores 7.1 vs 6.5, P =. 01), and being more positive about how retrieved stories were
displayed (mean scores 3.8 vs 2.9, P < .001). For satisfaction with the search facility, an interaction effect was found (P = .03):
at least one of the two search facilities was needed for satisfaction.

Conclusions: Having access to the story topics search facility clearly had the most positive effect on patient satisfaction and
search success.

(J Med Internet Res 2010;12(1):e7)   doi:10.2196/jmir.1215
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Introduction

Patients value having access to stories of other patients as it
provides them with emotional support, information, reassurance,
and practical advice [1]. The Internet is a valuable resource for
accessing stories because of its privacy and 24-hour availability
without the need to leave one’s home [2]. Two well-known
examples of web-based applications that include personal stories
of patients are The Comprehensive Health Enhancement Support
System (CHESS) [3] and The Database of Individual Patients’
Experiences of Illness (DIPEx) [4].

Studies of online patient stories have focused on several factors.
These include why patients publish their stories online and what
this means in a broader sociological context [5-7]. Wise et al
[8] found that accessing personal stories in a computer-based
patient support system had a positive effect on patients’
healthcare participation, which entailed participation
preferences, confidence, and communication with their doctor.
Little is known, however, about how patients search online for
stories of other patients and whether they can find relevant ones.

Some qualitative studies have found that patients appreciate the
ability to select stories of other patients of a particular age or
who have opted for similar treatment [1,9]. In addition,
searching by topics seems also to be of interest [10]. Some
websites with patient stories provide a search facility to search
for personal characteristics of the story writers and/or for topics
written about in the stories [11-13]. However, to our knowledge,
patients’ satisfaction and search success with these search
facilities have not yet been studied.

In the present study, we examined which search facilities for
patient stories resulted in satisfaction with the search process
and the stories retrieved. We also studied the impact of the
stories retrieved on coping with illness. Our expectation was
that having a search facility would be an improvement compared
with not having a search facility. Moreover, we expected that
a combination of search facilities would result in higher
satisfaction than a single search facility because a combination
of search facilities may result in more opportunities to find a
relevant story.

Methods

Design and Procedure

Study Design
We focused our study on patients with breast cancer. We
contacted the board of The Amazones Foundation, which was
founded by a group of young women with breast cancer to
provide their peers with information and support. The Amazones
Foundation developed a website for young women with breast
cancer [14] that provides information and advice, a calendar of
activities, an online support group, and links to other sites. The
website also has a section with personal stories. Women can
anonymously submit their own story to the site. The stories are
presented alphabetically by writers’nicknames. If a writer passes
away, her story remains on the site accompanied by an obituary
written by the website moderators.

We were granted permission by the board of The Amazones
Foundation to conduct our study. In January 2007 we
downloaded all 170 stories available at that time on their website
for use in our study. We facilitated access to the stories in three
ways: (1) with a search facility for story topics, (2) with a search
facility for writer profiles, and (3) with a combination of these
two search facilities. In addition, a control group could access
the stories by means of the original alphabetical listing by story
writer. We implemented these four ways of facilitating access
to the stories on a separate study website. This resulted in four
groups based on two independent factors: (1) no versus yes
search by story topics, and (2) no versus yes search by writer
profile (Table 1). In each of the four groups the same set of 170
stories could be searched. Figures 1 to 4 show screenshots of
the search pages available to the four groups. We requested that
the board of the Amazones Foundation not to participate in the
study.

The present study is reported in accordance with the CHERRIES
checklist, which is a checklist for reporting results of Internet
e-surveys [15]. It was not registered as a clinical trial on
ClinicalTrials.gov, a registry of clinical trials conducted around
the world, because our study does not correspond to the
definition of a clinical trial as provided in their glossary.

Table 1. The 2x2 factorial design of the study

Writer Profile Search

YesNo

Writer profile group: see Figure 3Control group: see Figure 1NoStory Topics
Search

Combination group: see Figure 4Story topics group: see Figure 2Yes

Recruitment Process
Recruitment announcements were disseminated online using
banners on the websites of several Dutch patient and health
organizations and offline using posters and flyers in waiting
rooms of several hospitals. Dutch-speaking women with breast
cancer were invited to participate irrespective of other personal

characteristics. The offline recruitment announcements gave
the URL of the study website, and the online announcements
contained a hyperlink to the study website. The study was
accessible to each visitor of the site, but only visitors who met
the inclusion criteria were further directed to the informed
consent page. After finishing the final questionnaire, participants

J Med Internet Res 2010 | vol. 12 | iss. 1 |e7 | p.41http://www.jmir.org/2010/1/e7/
(page number not for citation purposes)

Overberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


could send a ready-made email message with the URL of the
study website to other women who might be interested in
participation. The study website was accessible in the period
June through November 2007. During this time period, women
could choose for themselves on what day and time they wanted
to participate. No incentives were offered for participation.

Study Website
The first page of the study website provided the following
information about the study: study objective, information about
the researchers, study inclusion criteria, details about
participation, expected time within which to complete the study,
and contact details. When a website visitor chose to participate
by clicking the button “I would like to participate”, two
questions were presented to check whether the visitor met the
inclusion criteria (ie, being female and having been diagnosed
with breast cancer). If this was the case, the visitor was asked
to read the informed consent statement. By agreeing with the
informed consent statement, the visitor declared that her
participation was voluntary, that she understood what
participating entailed, and that she was aware of what data would

be recorded. To agree with the informed consent statement, the
visitor had to check the box “I agree” and then click on the
button marked “Next”. After this the visitor was asked whether
she was certain that she agreed with the informed consent
statement. In this way, we assured that women did not
automatically agree to participate. Before the participant was
randomly assigned to one of the four groups, she was asked to
provide a short description of the information she wanted to
search for in the stories. Random assignment of each participant
to a study group was carried out by an algorithm that was part
of the study website. The chance of being assigned to a group
was equal for all four groups, that is, 1 in 4 (except when more
than one session was conducted from the same IP address; see
the section below labeled “Technical Aspects”). Once assigned
to a group, a participant could search for and read the stories as
long as she liked. When finished with searching and reading
she was asked to complete a final questionnaire posted on the
study website about satisfaction with the search process and the
stories retrieved and the stories’ impact on coping with breast
cancer.
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Figure 1. Screenshot of the control group search page
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Figure 2. Screenshot of the story topics group search page
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Figure 3. Screenshot of the writer profile group search page
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Figure 4. Screenshot of the combination group search page

Ethical Aspects
Participants remained anonymous since no log-in, name, or
address were required. In order to minimize traces on each
client’s computer, no cookies were used. Recording of log data
did not start until participants had agreed to the informed consent

statement. Questionnaire responses were not saved until
participants confirmed at the end of the final questionnaire that
they agreed to submit their responses. Data were saved in a
password protected SQL database only accessible to the
researchers. Participants could stop at any time without receiving
pop-ups or text when leaving the study website.
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Before the start of the study, our research proposal (see
Multimedia Appendix 1) was presented to the Ethical Committee
of the Leiden University Medical Centre (archive number
06/43). The Committee concluded that our study involved no
medical intervention and that we could proceed. Our intervention
consisted of providing access to the stories already available
on the website of the Amazones Foundation in several new
ways.

Development of Intervention Groups

Search Facilities
To develop the search facilities, all 170 stories were coded
according to a coding scheme for story topics and a coding
scheme for writer profile (Table 2). The topics and personal
characteristics in the coding schemes were chosen because they
had been used on other websites that contained breast cancer
stories [11-13] or by other authors of studies in this field

[1,9,10]. For the characteristic “phase in the course of disease,”
the category “passed away” was assigned to stories that
contained an obituary.

Participants could search for age using the categories: 20-30
years, 30-40 years, 40-50 years, and over 50 years. Participants
could search for time since diagnosis using the categories: less
than half a year ago, ½ - 1 year ago, 1-3 years ago, 3-5 years
ago, and more than 5 years ago. To ensure that participants were
aware of all search facilities, the search button was placed at
the bottom of the page. In the groups with access to a single
search facility, it was possible to search for more than one topic
or more than one writer characteristic. In the combination group,
participants could choose whether they wanted to search for
story topics only, for writer characteristics only, or for both.
Searching for more items simultaneously was based on the OR
Boolean operator.

Table 2. Coding schemes for story topics and writer profile

Coding SchemeSearch Facility

Story topics (domains)

Feelings about diagnosisDiagnosis

Decision-making about treatment: (1) having no choice, (2) breast conserving surgery or mastectomy?,
(3) adjuvant treatment or not?, (4) reconstruction or not?, (5) prophylactic mastectomy of other breast,
(6) ovary removal, (7) other

Treatment

Coping with treatment

Treatment side effects:(1) arm lymphedema, (2) hair loss, (3) fatigue, (4) nerve pain, (5) hot flashes, (6)
skin problems, (7) other

Delay in/errors at diagnosisHealth care system

Waiting for test results

Contact with medical staff: (1) support, (2) lack of understanding

How treatment was performed: (1) satisfied, (2) dissatisfied

Second opinion

Work and insurancesLiving with it

Family and friends: (1) support, (2) lack of understanding, (3) talking with and worrying about

Body image and sexuality: (1) (partly) missing a breast, (2) partner’s reaction

Pregnancy issues: (1) pregnant at diagnosis, (2) wanting to become pregnant after treatments

Coping with breast cancer: (1) thinking (emotional-focused coping), (2) doing (problem-focused coping)

Practical advices

Concerns about heredity

Coping with metastasized breast cancer

Writer profile (personal characteristics)

Number of yearsAge at diagnosis

Number of monthsTime since diagnosis

(1) No, (2) yesPartner

(1) No, (2) yesChildren

(1) Breast conserving therapy, (2) mastectomy, (3) radiation therapy, (4) chemotherapy, (5) hormonal
therapy, (6) immuno therapy (herceptin), (7) breast reconstruction, (8) lymph node dissection

Treatment received

(1) In first treatment period, (2) free of cancer, (3) cancer for second time, (4) metastasized cancer, (5)
passed away

Phase in the course of disease
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Weight Assignment in Story Retrieval
For every search performed by the participants, a weight
between 0 and 1 was assigned to each of the 170 stories in the
database. If a story matched exactly with the search objectives,
it received a weight of 1. Story weights were calculated with
every new search. Therefore, the weight assigned to a story
could change with every search.

In the story topics group, weights were calculated by dividing
the number of topics found in a story by the number of topics
that were searched for. For example, when a participant searched
for four topics, all stories containing one of these four topics
received a weight of ¼ (0.25).

In the writer profile group, a weight was assigned to each of the
personal characteristics that a participant searched for. These
weights were then multiplied with each other to calculate the
weight of a story as a whole.

If the age of a writer fell in the age category that the participant
was searching for, then “age” received a weight equal to 1. The
more the age of the writer deviated from the age category that
the participant was searching for, the lower the weight that “age”
received. In a similar way, weights for “time since diagnosis”
were assigned.

If the partner status of a writer exactly matched the partner status
that the participant was searching for, then “partner” received
a weight equal to 1. If the partner status of a writer is unknown,
then this characteristic received a weight of 0.5 irrespective of
the partner status that the participant was searching for. If the
partner status of a writer was the opposite of the partner status
that a participant was searching for, then this characteristic
received a weight of 0.2. We did not assign a weight of 0 for
the latter case because then the weight for the whole story would
be 0. In similar ways, weights for the other categorical variables
were assigned.

In the combination group, weight assignment was similar to
that of the previous two groups or a multiplication of these two,
depending on whether a participant searched for story topics
only, for writer profile only, or for both.

Number of Stories Retrieved
It was decided to present participants with at least ten stories
after each search. The total number of stories presented after a
search depended on the distribution of the weights assigned to
the stories. All stories with the same weight as the tenth story
were presented because we saw no valid reason for presenting
only a portion of the stories with that weight. For example, when
five stories matched exactly with the search objectives, that is,
weight equal to 1, 20 stories received a weight of 0.80, 45 stories
received a weight of 0.60, and 100 stories received a weight of
0.40, then 25 stories (5 + 20) would be presented. Accordingly,
if no stories exactly matched the search objectives, still at least
ten stories were presented. The list of retrieved stories showed
the extent to which the stories matched the search objectives.
In this way we tried to present participants with neither too few
nor too many stories.When participants did not fill in the search
page, no stories were presented to them because we wanted to
ensure that participants were aware of the search facility.

Story Display and Sequence
The retrieved stories were displayed as a list giving for each
story the writer’s nickname and the story’s weight. Weights
were represented as a number of pink ribbons. In addition, the
search criteria that were fulfilled were given in each group, that
is, the topics found, the writer’s characteristics, or both (see
Multimedia Appendix 2). The list of stories was sorted by weight
with the story with the heighest weight at the top. Stories with
the same weight in the story topics group were displayed as
follows. For each story, the percentage of text of the story
relating to the topics the participant searched for was calculated.
Stories with the highest percentage were ranked first. In the
writer profile group, stories with the same weight were sorted
by the age of the writers, and if age of writers was equal by time
since diagnosis. Clicking on a story title from the list displayed
the complete story.

Final Questionnaire

Demographic and Disease Characteristics
Participants were asked to provide demographic information
such as age, marital status, children, religion, education, and
employment status. They were also asked to report
characteristics of their cancer, such as time since diagnosis, type
of diagnosis, metastases in axillary lymph nodes or other parts
of the body, treatment undergone, and prognosis.

Use of the Internet and the Amazones Website (Before
Study Participation)
The participants were asked to indicate their frequency of
Internet use, the type of activities in which they engage on the
Internet, and whether they had read stories of other patients on
the Internet before. Moreover, they were asked to report how
often they had visited the Amazones website before, how
familiar they were with this website, and how many of the
stories on this website they read before.

Satisfaction With the Search Process, the Stories
Retrieved, and the Stories’Impact on Coping With Breast
Cancer
The constructs listed below were used to measure the three
outcomes. Cronbach alphas were calculated using SPSS version
16.0 (SPSS Inc, Chicago, IL, USA) by conducting reliability
analyses. Reverse phrased items were recoded. We found the
internal consistency for each construct to be good or satisfactory
(Cronbach alpha = 0.71 to 0.88). The items “overall satisfaction
with the search facility” and “overall satisfaction with the stories
retrieved” were answered using 10-point Likert scales; all other
items were answered using 5-point Likert scales. For an
overview of the items belonging to all the below mentioned
constructs, see the Multimedia Appendix 3.

To measure satisfaction with the search process, 13 items were
formulated (partially based on [16,17]). “Opinion about the
search facility” was measured using 5 items (Cronbach alpha
= .88). To measure “the extent to which the search options
enabled finding information one was looking for,” 4 items were
formulated (Cronbach alpha = .75). “Recommendation to others
and future own use” was measured with 2 items (Cronbach
alpha = .82). “Opinion about the number of search options” and
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“overall satisfaction with the search facility” were measured
with 1 item each.

To measure satisfaction with the stories retrieved, 18 items were
formulated (partially based on [16,17]). “Opinion about the
stories retrieved” was measured with 6 items (Cronbach alpha
= .71). To measure “opinion about the list of stories displayed
after a search” 4 items were formulated (Cronbach alpha = .76).
“The extent to which the stories retrieved covered one’s
information need” was measured with 4 items (Cronbach alpha
= .82) and “recommendation to others and future own reading”
with 2 items (Cronbach alpha = .77). “Opinion about the number
of stories retrieved” and “overall satisfaction with the stories
retrieved” were measured with 1 item each.

“The stories’ impact on coping with breast cancer” was
measured with 6 items (Cronbach alpha = .85) which were based
on an extensive literature on coping [18-21]. Two of the items
were formulated to measure problem-focused coping (“By
reading the stories I have learnt things” and “By reading the
stories I know what to do”), another two items were formulated
to measure emotion-focused coping (“By reading the stories I
am more able to understand my feelings” and “By reading the
stories I can see that certain emotions are part of learning to live
with breast cancer”), one item was formulated to measure
reappraisal (“By reading the stories I view things in a different
way”) and one item was formulated to measure social
comparison (“By reading the stories I see that others have
experienced the same things”). The existing validated coping
scales, such as the Ways of Coping checklist [18,19] and the
COPE inventory [21], could not be used because they were too
general for our research question.

Technical Aspects
We tested the usability and technical functionality of the study
website, including the final questionnaire, multiple times, and
we solved all appearing errors. During participants’ search
processes, log data recorded how long participants surfed on
the study website, how many searches they performed, how
many stories they accessed, and how long the text of the stories
was displayed on the screen. In the control group, clicking on
a folder (A to Z) was regarded as performing a search, and
subsequently clicking on a name was seen as accessing a story.
Also, the time participants needed to fill in the final
questionnaire was recorded.

Participants who were searching for or reading the stories were
reminded to fill in the final questionnaire by a yellow figure on
the left side of the screen with the text “Do not forget to
complete the questionnaire,” which was highlighted every five
minutes. Adaptive questioning was used to reduce the number
and complexity of the questions. Questions were not randomized
or alternated. The final questionnaire was distributed over five
pages in the following sequence:(1) the search process, (2) the
stories retrieved, including the stories’ impact on coping with
breast cancer, (3) use of the Internet and the Amazones website,
(4) disease characteristics, and (5) demographic characteristics.
When participants clicked on the “Next” button at the end of a
page, JavaScript was used to check for completeness.
Unanswered questions were highlighted, and participants were
asked to answer these. Yet, answering was not enforced, since

by clicking on the “Next” button again, the next page was
reached. Participants were not able to review and change their
answers in previous parts to prevent a possible influence of
questions asked later in the questionnaire.

Log data and questionnaire responses were saved automatically
in an SQL database. In preparation for data analysis, sessions
from the same IP address with a time interval of less than 20
minutes were merged, and those with a time interval of greater
than 20 minutes were kept as two separate sessions. We assumed
that in the former case the sessions were from the same
participant and, in the latter, from different participants.
Applying the first rule resulted in 23 merged sessions; the latter
rule was applied to 6 pairs of sessions. Merging was possible
because in all cases the questionnaire was filled out only once.
Participants were only distinguished by IP address. A particular
IP address was always assigned to the same intervention group.
This was done to prevent women from participating multiple
times when trying to get in another study group.

Data Analysis
The data were imported into SPSS version 16.0. Differences in
the log data between questionnaire completers and
noncompleters were assessed using Mann-Whitney tests. The
noncompleters were excluded from further analyses, since no
questionnaire responses for this group were available. For the
completers, there was no time frame for filling in the
questionnaire. Differences between the four groups in baseline
characteristics were assessed using Chi square tests, 1-way
ANOVA, or Kruskal-Wallis tests (depending on variable type
and skewness).

Kruskal-Wallis tests were performed to assess differences
between the four groups in search behaviour (ie, the log data).
Significant differences were examined further by performing
post hoc tests. We chose to use Mann-Whitney tests with a
Bonferroni correction, and as as the critical level of significance
we used .05/6 = .008 because with four groups six comparisons
were performed.

For each construct of the three outcome measures (satisfaction
with the search process, the stories retrieved, and the stories’
impact on coping with breast cancer) a mean total score was
calculated. A higher mean indicated a higher satisfaction or
impact respectively. The effects of the search facilities on the
constructs of the three outcome measures were examined using
ANOVA with two independent factors (search facility for story
topics yes/no; search facility for writer profiles yes/no) to assess
possible main and interaction effects. This analytical approach
was chosen in order to examine the effects of the two search
facilities both independently and in combination. P values above
.05 were considered not significant.

Results

Participant Statistics
Informed consent was given by 353 people, of whom 182
(51.6%) completed the final questionnaire (Figure 5). No
significant difference was found between the four groups in

percentage questionnaire completers (χ2
3= 3.7, P = .30). The
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mean time that participants needed to fill in the final
questionnaire was 15.3 minutes (SD = 12.7; min = 5.0, max =
138.4). In comparison with questionnaire noncompleters,
questionnaire completers spent less time visiting the study
website (mean = 809.1 seconds vs 928.0 seconds, P < .001),
but completers performed more searches (mean = 2.1 vs 1.7, P
< .001), accessed more stories (mean = 6.6 vs 3.4, P < .001),

and their mean reading time per story was longer (mean = 92.8
seconds vs 63.5 seconds, P < .001).

Table 3 shows the baseline characteristics of the questionnaire
completers. No significant differences between the four groups
were found for demographic and disease characteristics and use
of the Amazones websites. With respect to use of the Internet,
the writer profile group was less familiar with accessing fellow
patients’ stories on the Internet.

J Med Internet Res 2010 | vol. 12 | iss. 1 |e7 | p.50http://www.jmir.org/2010/1/e7/
(page number not for citation purposes)

Overberg et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Figure 5. Flow of study participants
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Table 3. Baseline characteristics of the four groups

P valuebCombination
Group

(n = 45)a

Writer Profile Group

(n = 51)a

Story Topics
Group

(n = 49)a

Control Group

(n = 37)a

%n%n%n%n

Demographic characteristics

.12c45.9 (9.9)49.5 (9.4)49.9 (8.3)49.1 (7.5)Age in years (mean, SD)

.9975.63478.44077.63878.429YesMarried or living together

24.41121.61122.41121.68No

.4568.93180.44181.64078.429YesChildren

31.11419.61018.4921.68No

.4426.71237.31938.81943.216YesReligious

73.73362.73261.23056.821No

.4733.31545.12336.71829.711YesHigher professional education
or university degree

66.73054.92863.33170.326No

.6457.82660.83149.02459.522YesEmployed

42.21939.22051.02540.515No

Disease characteristics

.49d34.0 (37.3)42.0 (41.8)34.9 (41.4)36.8 (45.8)Time since diagnosis in months (mean, SD)

.6971.13272.53772.93562.223YesDiagnosed with one tumour

28.91327.51427.11337.814No

.3244.42036.71832.61525.09<2 cmSize of tumour

55.62563.33167.43175.027≥2 cm

.5651.12349.02457.42741.715YesCancer in axillary lymph nodes
at diagnosis

48.92251.02542.62058.321No

.6813.3610.258.5416.76YesMetastases to other parts of the
body

86.73989.84491.54383.330No

.7144.42035.31842.92135.113YesBreast conserving surgery

55.62564.73357.12864.924No

.1566.73066.73449.02451.419YesMastectomy

33.31533.31751.02548.618No

.4744.42049.02557.12859.522YesRadiation therapy

55.62551.02642.92140.515No

.5457.82660.83171.43564.924YesChemotherapy

42.21939.22028.61435.113No

.5040.01845.12346.92356.821YesHormonal therapy

60.02754.92853.12643.216No

.8362.22862.73261.23070.326YesCancer free

37.81737.31938.81929.711No

Use of the Internet and the Amazones website

.2377.83592.24787.84383.831YesDaily Internet use

22.2107.8412.2616.26No
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P valuebCombination
Group

(n = 45)a

Writer Profile Group

(n = 51)a

Story Topics
Group

(n = 49)a

Control Group

(n = 37)a

%n%n%n%n

.8895.64394.14893.94697.336YesFamiliar with searching online
for specific information

4.425.936.132.71No

.00588.94064.73389.84481.130YesFamiliar with accessing fellow
patients’ stories on the Internet

11.1535.31810.2518.97No

.5242.21929.41536.71829.711YesVisited the Amazones website
at least once a month before
participation 57.82670.63663.33170.326No

.56e38.21350.01552.91838.97Yes“Rather well” or “well”

familiar with Amazones

website
61.82150.01547.11661.111No

.62e35.31243.31344.11527.85YesRead half or more of the

Amazones stories before 64.72256.71755.91972.213No

aN (%) is shown unless noted otherwise.
bP values are for chi-square tests comparing the four groups unless noted otherwise.
cP value for 1-way ANOVA test to compare the four groups with respect to age.
dP value for Kruskal-Wallis test to compare the four groups with respect to time since diagnosis.
ePercentages and tests based on the number of participants who had previously visited the Amazones website: control group (n = 18), story topics group
(n = 34), writer profile group (n = 30), combination group (n = 34).

Search Behaviour
Table 4 shows that there were no differences between the four
groups in time spent on the study website or in the number of
searches performed. However, we found differences between
the four groups in the number of stories accessed and in the
mean reading time per participant per story. Post hoc tests (with
a critical level of significance of P = .008 due to Bonferroni
correction) showed that compared with the control group, fewer
stories tended to be accessed in both the writer profile group (P
= .01) and the combination group (P = .02). In addition, in the
control group, the mean reading time per participant per story
was shorter than in the writer profile group (P = .007) and tended
to be shorter compared with the story topics group (P = .02)
and the combination group (P = .009).

Satisfaction With the Search Process
Table 5 shows that having access to the story topics search
facility resulted in a more positive opinion about the search
facility (1a), in a more positive opinion about the number of
search options (1b), in being better enabled to find the
information one was looking for (1c), in being more inclined
to recommend it to others or to use it more often themselves in
future (1d), and in a higher overall satisfaction with the search
facility (1e), compared with not having access to this search
facility (all comparisons were significant at P < .05). Having
access to the writer profile search facility compared with not
having access to this search facility resulted in a significantly
more positive opinion about the search facility (1a), and in a
significantly higher overall satisfaction score (1e).

An interaction effect was found for the overall satisfaction score
(1e). When participants could search using the story topics, they

were satisfied with this search facility regardless of whether
(mean = 7.3, SD = 1.5) or not (mean = 7.2, SD = 1.4) they could
also search with the writer profile. The effect of having access
to the writer profile search facility when also having access to
the story topics search facility was not significant (P = .90).
However, when participants could not use the story topics to
search the stories, they were more satisfied with having access
to the writer profile as a search facility (mean = 6.8, SD = 1.6)
compared with not having access to any search facility (mean
= 5.7, SD = 2.3). The effect on satisfaction of having access to
the writer profile search facility when not having access to the
story topics search facility was significant (P = .009).

Satisfaction With the Stories Retrieved
Having access to the story topics search facility resulted in a
more positive opinion about the list of stories displayed after a
search (2c), a greater extent to which the stories retrieved
covered one’s information need (2d), and a higher overall
satisfaction score with the stories retrieved (2f) compared with
not having access to this search facility (Table 5). Having access
to the writer profile search facility compared with not having
access to this search facility resulted in a more positive opinion
about the list of stories displayed after a search (2c).

There were no interaction effects observed in satisfaction with
the stories retrieved.

The Stories’ Impact on Coping With Breast Cancer
Table 5 shows that the stories retrieved using the story topics
search facility had a greater impact on coping with breast cancer
(3a). When analysing each of the six coping items individually,
we observed that having access to the story topics search facility
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resulted in a significantly higher score for having learned things (3a.1).

Table 4. Comparison of the four groups for the search behaviour measures recorded by the log data

P valueaCombination Group

(n = 45)

Writer Profile Group

(n = 51)

Story Topics Group

(n = 49)

Control Group

(n = 37)

.45905.49 (1054.71)595.39 (630.04)984.55 (1278.94)754.00 (966.33)mean (SD)Time spent on the study
website in seconds

636.00389.00634.00496.00median

.071.69 (1.58)1.53 (1.59)1.88 (2.32)3.89 (4.71)mean (SD)Number of searches

1.281.241.232.50median

.013.93 (3.61)4.18 (4.53)6.73 (6.36)13.19 (18.98)mean (SD)Number of stories

accessed 3.293.005.565.67median

.02119.26 (113.00)99.72 (128.27)94.16 (94.90)49.24 (54.65)mean (SD)Reading time per

participant per

story in seconds
89.0067.0071.3328.11median

aP value for Kruskal-Wallis tests comparing the four groups with respect to the four search behaviour measures.
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Table 5. Means (SD) of the constructs of the three outcome measures asked for in the final questionnaire by search factor

InteractionaWriter ProfileaStory Topicsa

P valuedP valuecNo

(n = 86)

Yes

(n = 96)
P valuebNo

(n = 88)

Yes

(n = 94)

1. Satisfaction with the search process

.21.0053.6 (1.0)3.9 (0.9).0013.6 (1.1)4.0 (0.7)a. opinion about the search facility

(range 1-5)

.23.292.2 (0.8)2.3 (0.7).042.1 (0.8)2.3 (0.6)b. opinion about the number of search

options (range 1-3)e

.59.273.0 (1.0)3.1 (1.0).0012.8 (1.0)3.3 (1.0)c. the extent to which search options enable
finding information one was looking for (range
1-5)

.13.293.8 (1.2)3.9 (1.1)< .0013.5 (1.2)4.1 (1.0)d. recommendation to others and future own
use (range 1-5)

.03.016.5 (2.0)7.1 (1.6)< .0016.3 (2.0)7.3 (1.4)e. overall satisfaction with the search facility
(range 1-10)

2. Satisfaction with (the information in) the stories retrieved

.18.363.4 (0.7)3.5 (0.6).543.4 (0.7)3.5 (0.6)a. opinion about the stories retrieved (range 1-
5)

.17.182.3 (0.7)2.1 (0.7).272.1 (0.7)2.3 (0.7)b. opinion about the number of stories

retrieved (range 1-3)e

.06< .0012.9 (1.1)3.8 (0.9).0013.2 (1.2)3.6 (0.9)c. opinion about the list of stories displayed
after a search (range 1-5)

.91.562.9 (1.0)2.7 (1.1).022.6 (1.0)3.0 (1.0)d. the extent to which the stories retrieved
covered one’s information need (range 1-5)

.71.674.0 (1.0)4.0 (1.0).083.8 (1.0)4.1 (1.0)e. recommendation to others and future own
reading (range 1-5)

.35.806.9 (1.6)6.7 (1.7).0026.4 (1.7)7.1 (1.5)f. overall satisfaction with the stories

retrieved (range 1-10)

3. The stories’ impact on coping with breast cancer

.71.533.1 (1.0)3.0 (1.0).022.9 (1.0)3.2 (0.9)a. the stories’ impact on coping with breast
cancer (range 1-5)

.53.242.9 (1.3)2.6 (1.4).0072.5 (1.3)3.0 (1.4)a.1. By reading the stories I have learned things
(range 1-5)

.70.712.6 (1.1)2.5 (1.3).142.4 (1.2)2.7 (1.2)a.2. By reading the stories I know what to do
(range 1-5)

.37.702.9 (1.3)2.7 (1.4).072.6 (1.4)3.0 (1.3)a.3. By reading the stories I am more able to
understand my feelings (range 1-5)

.76.823.6 (1.3)3.7 (1.4).173.5 (1.5)3.8 (1.2)a.4. By reading the stories I can see that certain
emotions are part of learning to live with breast
cancer (range 1-5)

.16.122.7 (1.3)2.4 (1.3).162.4 (1.3)2.7 (1.3)a.5. By reading the stories I view things in a
different way (range 1-5)

.31.283.9 (1.1)4.1 (1.1).163.9 (1.3)4.1 (1.0)a.6. By reading the stories I see that others have
experienced the same things (range 1-5)

a ANOVA with two independent factors (search facility for story topics yes/no; search facility for writer profiles yes/no). Higher means indicate better
outcomes.
bP value for possible main effect of story topics search
cP value for possible main effect of writer profile search
dP value for possible interaction effect between story topics search and writer profile search
e Asked on a 5-point scale but for analysis recoded into 3-points (see also Multimedia Appendix 3)
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Discussion

Principal Findings
To our knowledge, this study is the first randomized controlled
experiment with a 2x2 factorial design that examined search
facilities for accessing online patient stories. We observed that
the story topics search factor had a strong impact on patient
satisfaction and search success: participants were the most
satisfied with this search facility and the stories retrieved. Also,
the stories retrieved had a greater impact on coping with breast
cancer. The effect of the writer profile search factor was limited.
This search facility resulted only in a few effects, predominantly
on satisfaction with the search process. The two search factors
combined generally had no amplified effect on patient
satisfaction or search success as we only had one significant
interaction.

These findings are contrary to our expectation, which was that
the combined search facilities (the interaction) would outperform
a single search facility because this combination is more
complete and differentiated resulting in greater opportunities
to find a relevant story. Apparently, this quantity argument
seems to be less important than the type of the search facility
(quality). In line with our expectation was that a single search
facility was an improvement compared with the alphabetically
listed stories in the control group.

Participants in the three search facility groups accessed fewer
stories and read longer per accessed story compared with the
control group. An explanation for this might be that the stories
retrieved in the search facility groups were more relevant to the
participants. A search facility probably increases the proportion
of the documents retrieved relevant to the user's information
need [22].

The story topics search facility resulted not only in participants
being more satisfied with the search process, but also in
participants retrieving stories that better covered their
information needs and retrieving stories from which they learned
more. Patients might use online stories predominantly for
information, and, therefore, the topics described in the stories
might be more important for them than the writer’s profile.
Patients’ profiles might be more important when seeking
face-to-face contact. This difference between seeking
information and seeking contact has also been noted by
Bennenbroek et al [23] in their research on social comparison.

Our observation that the writer profile search facility compared
with not having this search facility resulted in a more positive
opinion about the search facility and in a higher overall
satisfaction with the search facility is in line with the results of
Rozmovits and Ziebland [1]. They found in interviews that
patients positively evaluated the ability to select other patients
of a particular age, stage of illness, or patients who were
long-term survivors or who had opted for similar treatment.
However, although our study also showed that participants were
more satisfied with this search facility, they were not more
satisfied with the stories retrieved using this facility.

Limitations of the Present Study
A considerable number of participants performed searches but
did not complete the questionnaire. Compared with completers,
noncompleters spent more time on the study website while they
performed fewer searches, accessed fewer stories, and spent
less time reading per story. Noncompleters might not have been
sure about how to use the search facilities, or they might not
have been as interested. Yet, we could not empirically evaluate
these hypotheses nor perform any statistical analyses, since we
had no further information about noncompleters. The number
of completers and noncompleters was evenly distributed over
the four study groups. Therefore, we believe that potential bias
equally affected all four groups. In addition, the direction of the
bias is probably twofold: dissatisfied participants might have
stopped or they might have completed the questionnaire to
express their annoyance.

More than half of the participants who completed the
questionnaire (63.7%) had previously visited the Amazones
website. This could introduce bias because participants familiar
with the original disclosure of stories might be especially
satisfied with the new search facilities. However, frequency of
visiting the Amazones site, knowing the site “rather well” or
“well,” and the number of Amazones stories read before, were
all evenly distributed over the four study groups. Therefore, we
do not think this previous experience with the Amazones website
affected the results.

Since the experiment was conducted completely online [24],
we cannot verify that all participants indeed had (or had had)
breast cancer. However, we targeted this group for recruitment
and asked relevant questions before randomization. We assume
that all participants were sincere, because overall they spent 15
minutes filling in the final questionnaire. This suggests that
participants were interested in the subject matter.

A limitation of the design was a possible confounding between
type of search facility (story topics, writer profile) and number
of search options (17 topics, 6 personal characteristics). The
story topics search might have been more appreciated because
it was more extensive than the writer profile search. However,
an argument against this reasoning is that the most extensive
search facility (ie, story topics in combination with writer
profile) was not the most favourite.

In addition, one could question the content of the search
facilities. Were the most appropriate topics and personal
characteristics included in the facilities? Yet, the topics and
characteristics we used were chosen based on other websites
containing breast cancer stories [11-13] and other studies in this
field [1,9,10].

A final limitation is that participants may have been annoyed
when stories were presented that did not exactly match their
search objectives. However, a search resulting in no stories
could also be a cause of annoyance. This is why we chose to
present at least ten stories after each search. In order to ease
interpretation of the resulting list of stories, weights (as pictured
in the form of pink ribbons) were used to indicate to what extent
a story matched with the search objective.
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Conclusions and Practical Implications
Earlier studies have shown that patients can benefit from stories
of other patients, and that the Internet is an important source of
these stories. Our current study suggests that a story topics
search facility would be most helpful to patients. With a story
topics search facility, participants were better enabled to find
the information they were looking for. Also, they retrieved
stories that more closely covered their information needs and
they learned more from the stories retrieved.

Thus, patient organisations or website developers that offer
patient stories on their websites can best provide access to them

using a story topics search facility. However, constructing such
a search facility is very time consuming and labour intensive
since stories have to be coded for content. An efficient method
might be to use a system analogous to social
bookmarking/tagging [25] in which story readers assign
keywords or tags to the stories, and the keywords or tags that
are most often assigned are seen as most important in describing
the content. Another possibility is to construct a list of items
from which writers can compose descriptions of their stories.
Finally, stories could also be classified by automatic full text
indexing or clustering. This will be the subject of our next study.
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Abstract

Background: Web-based interventions are popular for promoting healthy lifestyles such as physical activity. However, little
is known about user characteristics, adherence, attrition, and predictors of repeated participation on open access physical activity
websites.

Objective: The focus of this study was Active-online, a Web-based individually tailored physical activity intervention. The
aims were (1) to assess and compare user characteristics and adherence to the website (a) in the open access context over time
from 2003 to 2009, and (b) between trial participants and open access users; and (2) to analyze attrition and predictors of repeated
use among participants in a randomized controlled trial compared with registered open access users.

Methods: Data routinely recorded in the Active-online user database were used. Adherence was defined as: the number of pages
viewed, the proportion of visits during which a tailored module was begun, the proportion of visits during which tailored feedback
was received, and the time spent in the tailored modules. Adherence was analyzed according to six one-year periods (2003-2009)
and according to the context (trial or open access) based on first visits and longest visits. Attrition and predictors of repeated
participation were compared between trial participants and open access users.

Results: The number of recorded visits per year on Active-online decreased from 42,626 in 2003-2004 to 8343 in 2008-2009
(each of six one-year time periods ran from April 23 to April 22 of the following year). The mean age of users was between 38.4
and 43.1 years in all time periods and both contexts. The proportion of women increased from 49.5% in 2003-2004 to 61.3% in
2008-2009 (P< .001). There were differences but no consistent time trends in adherence to Active-online. The mean age of trial
participants was 43.1 years, and 74.9% were women. Comparing contexts, adherence was highest for registered open access
users. For open access users, adherence was similar during the first and the longest visits; for trial participants, adherence was
lower during the first visits and higher during the longest visits. Of registered open access users and trial participants, 25.8% and
67.3% respectively visited Active-online repeatedly (P< .001). Predictors of repeated use were male sex (odds ratio [OR] = 1.2,
95% confidence interval [CI] = 1.04-1.38) and increasing age category in registered open access users, and age 46-60 versus <
30 years (OR = 3.04, 95% CI = 1.25-7.38) and Swiss nationality (ORnonSwiss= 0.64, 95% CI = 0.41-1.00) in trial participants.
Despite reminder emails, attrition was much higher in registered open access users compared with trial participants, with a median
lifetime website usage of 0 days in open access users and 290 days in trial participants.
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Conclusions: Adherence, patterns of use, attrition, and repeated participation differed between trial participants and open access
users. Reminder emails to encourage repeated participation were effective for trial participants but not for registered open access
users. These issues are important when interpreting results of randomized controlled effectiveness trials.

(J Med Internet Res 2010;12(1):e3)   doi:10.2196/jmir.1361

KEYWORDS

Internet; individually tailored intervention; user characteristics; time trends

Introduction

In recent years,Web-based interventions targeting health issues
such as nutrition [1], smoking [2], physical activity [3,4], or
multiple health behaviors [5] have become popular. These
interventions have several advantages, such as interactive
designs, the possibility of tailoring information to individual
users, the potential to reach large audiences at relatively low
costs, and the ease with which users can get involved, that is,
people can use the intervention at home.

To maximize effectiveness, it is important for developers of
such interventions to know more about user characteristics,
adherence (the extent to which individuals use the content of
the Internet intervention) [6], nonusage attrition (whether
individuals discontinue use of an Internet intervention) [7], and
predictors of repeated Internet intervention use. Studies reporting
these issues have done so mostly in the context of randomized
controlled trials (RCT) [8-13] or in other controlled study
settings [14]. However, the use of the intervention in a trial
context may not reflect the use of the intervention in an open
access context. This is an important issue, as program
effectiveness is likely to depend on adherence to and use of
websites. If adherence is higher among trial participants (eg,
due to higher motivation among trial participants and the efforts
of the study staff to increase adherence), effectiveness may be
overestimated; if adherence is lower among trial participants
(eg, due to a higher burden of additional data assessments),
effectiveness may be underestimated.

Few studies have described use and users of open access
websites in the domain of smoking [15,16], mental health
[17,18], and drinking [19]. Even fewer studies have done so in
the domain of physical activity. To our knowledge, there is only
one study that has described rates and determinants of repeated
participation in an open access Web-based program aimed at
healthy lifestyles that has emphasized healthy body weight and
physical activity [20].

In Switzerland, a Web-based tailored physical activity
intervention (Active-online) [21] developed between 1999 and
2003, has been freely available as an open access program since

2003. Continuous data collection pertaining to website visitors
provides an opportunity to analyze user characteristics and
patterns of intervention use and adherence over time.The
effectiveness of the intervention was assessed in a Web-based
RCT in 2006-2007 [22] after the study design had been tested
in a feasibility study in 2003 [23].

The aims of the present study were: (1) to assess and compare
user characteristics and adherence to the website (a) in an open
access context over time from 2003 to 2009, and (b) between
participants in an RCT and open access users (all open access
users and the subgroup of registered open access users only),
and (2) to analyze attrition and potential predictors of repeated
use of the website in trial participants compared with registered
open access users.

Methods

Intervention Program
Active-online is an individually tailored program to promote
physical activity targeting adults aged 30 to 60 years.
Active-online is freely available on the Internet in the three
main languages of Switzerland: German, French, and Italian.
At the start of the program, users find a language selection page
followed by a welcoming page that explains the program and
provides additional information and motivational material (see
Figure 1 and Figure 2). At the beginning of the tailored
intervention, a new window opens where two modules are
offered: one module on everyday health-enhancing physical
activity (HEPA) and endurance training (the HEPA module),
and one module on strength and flexibility training (the strength
module) (Figure 2). Visits are recorded in the database as soon
as a new window is opened (after the welcoming page) where
one of the two tailored modules can be selected.

Users may visit Active-online without registering, or they may
register. Registration is very brief and involves leaving an email
address. Registered users receive a password which allows them
to revisit the website and follow changes in their physical
activity behavior. Registered users receive reminder emails that
contain a link to revisit the website after 2, 4, and 7 months.
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Figure 1. Screenshot of the welcoming page of Active-online

Figure 2. Structure of Active-online and the tailored intervention modules

The HEPA module offers a maximum of four individually
tailored feedbacks based on the transtheoretical model of
behavior change [24]. Stages of change are assessed according

to a seven-stage concept focusing on current behavior
(moderate- and vigorous-intensity activities) as well as on
intention to change [25]. The module on strength and flexibility
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training offers a maximum of two tailored feedbacks.
Questionnaires preceding each feedback include between 5 and
23 questions and can be completed in a few minutes each. It is
unlikely that visitors complete all parts of both tailored modules
during one visit, thus repeated visits are encouraged (with
reminder emails to registered users). Moreover, repeated visitors
who answer the questions obtain individually tailored feedback
on changes since their last visit.

Randomized Controlled Effectiveness Trial
The RCT is described in detail elsewhere [22]. Briefly,
participants were recruited in 2006 by advertisements in
magazines, newspapers, and on websites. The advertisements
asked for volunteers to participate in a Web-based physical
activity study. After completing an online baseline questionnaire
with items on demographics, general health, and physical
activity behavior, participants assigned to the intervention group
were forwarded to the open access program, Active-online, and
directed to use the intervention. (Participants assigned to the
control group were forwarded to a simple nontailored website
that contained general information on physical activity and
health.) To replicate the conditions of open access use,
participants assigned to the intervention group had access to
the general instructions on the website; they did not receive
additional instructions in how to use the intervention. All
contacts were by email. Trial participants received reminder
emails to revisit the Active-online website at 9, 10, and 11
months after baseline. (Participants assigned to the control group
received no reminder emails.) Follow-up assessments as part
of the requirements of the RCT took place at 6 weeks, 6 months,
and 13 months. While registration on Active-online was not
compulsory for open access users, trial participants were
automatically registered in order to analyze their intervention
use.

Time Periods of Intervention Use, Data Collection, and
Variables Included in the Analyses
In April 2003, Active-online was officially launched with a
promotional event. Data from the open access period were
included for six one-year time periods through April 2009. Each
one-year time period started on April 23 and ended on April 22
of the following year. Data from the effectiveness trial were
included from May 1, 2006, through September 30, 2007.

The total number of visits on Active-online (including visits on
the welcoming page) was available from the Internet provider.
However, the absolute numbers were difficult to interpret
because these depended on the software used to assess them
and whether visits by web crawlers could be identified, for
example. For both open access users and trial participants, visits
on Active-online were captured in the Active-online user
database as soon as the new browser window for the selection
of one of the two tailored modules was opened (see Figure 2),
whereas visits that did not go beyond the welcoming page were
not recorded.

For each visit that was captured in the Active-online user
database, starting time and date, finishing time and date, number
of pages viewed, and time spent within the tailored modules
were recorded in addition to responses to the questionnaires
preceding each tailored feedback.

During the study period, between April 23, 2003, and April 22,
2009, more than 250,000 visits were counted on Active-online
(including visits not going beyond the welcoming page and
excluding visits by web crawlers). For the present study, only
those visits that went beyond the welcoming page and were
recorded in the Active-online user database during the study
period were included. These numbered 113,290. Figure 3 shows
the inclusion and exclusion of visits that served as the basis for
the analyses in this study. We excluded 219 visits that were
obvious test visits of the research group and another 64 visits
because the start times and end times did not correspond.
Furthermore, 232 visits were excluded because they exceeded
60 minutes as we assumed these visits were not properly
terminated. Users who received all tailored feedbacks, read
them online, and used the option to download further materials
could easily have spent half an hour or more on
Active-online.The rationale to use a cutoff of 60 minutes was
to allow for potential distractions during a visit and to make
sure that no serious visits were excluded. Another 13 visits were
excluded due to other recording problems, and 1917 records
were deleted because they represented double visits of the same
session. Finally, 69 records of individuals who had participated
in the feasibility study [23] were dropped. Thus, 110,776 visits
were included, of which 107,208 (96.8%) were recorded as first
visits.
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Figure 3. Inclusion and exclusion of records used in the analyses

Of the 110,776 visits, 108,673 were recorded in the open access
context and 2103 during the RCT. For the analysis of time
trends, open access visits were stratified according to the six
one-year periods between 2003 and 2009. The number of
recorded and first visits and the proportion of first visits resulting

in registration are displayed in Table 1 for each time period and
for the RCT. Of all open access visits, 2.1% were recorded as
repeated visits. The corresponding proportion was 60.2% during
the RCT.
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Table 1. Recorded website visits in the open access context (according to the six time periods from 2003-2009) and during the RCT

Number of First Visits Resulting in

Registration (% of First Visits)

Number of First Visits (%
of Recorded Visits)

Number of Visits
Recorded in Database

Open Access Program Use

Time period (from April 23 to April 22 of the
following year)

2263 (5.4%)41,699 (97.8%)42,626   2003-2004

784 (3.1%)25,026 (98.6%)25,392   2004-2005

592 (4.7%)12,517 (98.0%)12,776   2005-2006

610 (6.4%)9539 (96.9%)9847   2006-2007

513 (5.4%)9451 (97.5%)9689   2007-2008

322 (4.0%)8140 (97.6%)8343   2008-2009

5084 (4.8%)106,372 (97.9%)108,673   Total (2003-2009)

836 (100%)836 (39.8%)2103   RCTa (May 1, 2006 to September 30, 2007)

aTrial participants were automatically registered within Active-online.

The proportion of women among Active-online users and the
mean age of visitors were included in the analyses as
demographic variables. The main measure of physical activity
was the proportion meeting the current Swiss recommendations
for health-enhancing physical activity (HEPA): 30 minutes or
more of moderate intensity activities on 5 or more days per
week or 20 minutes or more of vigorous intensity activities on
3 or more days per week [26]. Additional potential predictors
of repeated participation were available for trial participants
only. These were smoking, BMI, education, and nationality.
For the comparison of repeated participation between open
access users and trial participants, only registered open access
users were included (n = 5084, 4.8% of all open access users)
because repeated visits could only be tracked for participants
who had registered.

Adherence, defined as the extent to which individuals
experienced the content of the website [6], is reported as the
number of pages viewed on Active-online, the proportion of
visits that resulted in starting a tailored module, the proportion
of visits when at least 3 minutes were spent in a tailored module
(assuming that a minimum of 3 minutes is required to get
involved with the intervention), the proportion of visits when
at least one tailored feedback (HEPA or strength module, see
Figure 2) was received, and the time spent in the tailored
modules. These measures of adherence are commonly used to
describe the extent to which individuals use the material on
Web interventions [6,13]. Analysis of adherence was based on
first visit to compare open access dissemination of the
intervention across time periods, and on first visit and longest
visit to compare adherence of open access users with adherence
of trial participants. During open access dissemination, most
visits were first visits so that analyzing by longest visit yielded
almost identical results.

Attrition describes the phenomenon that participants stop using
the intervention [7]. Nonusage attrition refers to participants
not returning to the intervention for repeated visits [7]. We also
report attrition in terms of the duration of a single visit. In this
sense, attrition refers to users who discontinue their visit at a

specific point in time versus those who continue their visit
beyond that point.

Comparisons are reported between trial participants (all of whom
were registered, according to the study design), open access
users (including both registered and unregistered open access
users), and the subgroup of open access users who had registered
and received a password to revisit Active-online.

Statistical Analyses
Demographic variables were compared between open access
users and trial participants using t-tests and chi-square tests.
Continuous variables measuring the use of Active-online
(number of pages viewed and time spent in the tailored modules)
were positively skewed. For these variables, therefore, the
median and the interquartile range (IQR) are reported. The
Wilcoxon-Mann-Whitney test and the chi-square test were used
to compare use of Active-online between trial participants and
open access users. Assuming that differences between time
periods followed a time trend rather than a random pattern, a
nonparametric test for trend across ordered groups developed
by Cuzick [27] was performed for continuous variables, and a
chi-square test for trend was performed for categorical variables
to assess potential time trends across the six time periods.
Logistic regression was used to assess potential predictors of
repeated use of the website.

Nonusage attrition curves were based on the proportion of
visitors still using the website up to a specific number of weeks
or months after the first visit versus those who had stopped
using it. The date of each user's last visit was designated as the
date when program usage ended. The nonusage attrition curves
are presented over 18 months (considered a suitable timeframe
for trial participation) and over 12 weeks (for comparison with
other published attrition curves). Similarly, attrition curves
based on the duration of single visits (first visits and longest
visits) are presented, which correspond to the proportion of
visitors who had continued to use the intervention within a
single session versus those who had ended the session after a
specific number of minutes. Duration was defined as the time
spent in the tailored modules as recorded in the user database;
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therefore, individuals that did not enter a tailored module have
been assigned a duration of zero. STATA 9.2 (STATACorp LP,
College Station, TX, USA) was used for the analyses.

Results

User Characteristics
The yearly number of open access visits recorded in the
Active-online database decreased from 42,626 in 2003-2004 to
8343 in 2008-2009. In the open access context, the proportion
of women using Active-online increased from 49.5% in
2003-2004 to 61.3% in 2008-2009 (P [for trend] < .001). The
mean age of open access users was between 38.4 years (95%
confidence interval [CI] 38.0-38.8) in 2008-2009 and 40.4 years
(95% CI 40.1-40.7) in 2005-2006 and 2006-2007. The
proportion of open access users meeting the HEPA
recommendations was between 39.9% in 2004-2005 and 42.6%
in 2005-2006 (P [for trend] = .015).

Among open access Active-online users, 55.1% were women,
while 74.9% of trial participants were women (P < .001). The
mean age of open access users was 39.1 years (95% CI
39.0-39.2) compared with a mean age of trial participants of
43.1 years (95% CI 42.2-44.0) (P < .001). The proportion of
individuals meeting the current Swiss HEPA recommendations
did not differ significantly between open access users (40.9%)
and trial participants (44.5%, P= .27).

Adherence to and Use of the Intervention
There were differences, but no consistent trends over time, in
adherence to Active-online among open access users (based on

the analysis of first visits). In general, use of the intervention
among open access users was higher in 2003-2004, 2005-2006,
and in 2006-2007, but lower in 2004-2005 and after 2007 (Table
2). Between 2003 and 2009, open access users who started a
tailored module spent an average of 7.5 minutes in the program,
with a median duration of 4.2 minutes. The subgroup of
registered open access users who started a tailored module spent
an average of 17.7 minutes in the program, with a median
duration of 15.0 minutes.

For first visits, adherence to Active-online was highest for
registered open access users (Table 2). Compared with all open
access users, adherence was lower among trial participants.
Trial participants visited fewer pages, and the proportion that
started a tailored module, that spent at least 3 minutes in the
modules, and that received at least one tailored feedback (HEPA
or strength module) was smaller. However, trial participants
who started a module tended to stay in the intervention longer.

Analyzing adherence according to longest visit, we found that
results remained very similar to the results for first visit among
open access users, indicating that the first and longest visit were
identical among these users. This was not true for trial
participants, however. As was the case for first visits, registered
open access users achieved the highest adherence when results
were based on longest visit. Trial participants' adherence was
considerably higher during the longest visit than during the first
visit (indicating that the first visit was not the longest visit) and
was higher compared with all open access users.
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Table 2. Adherence at first visit according to time periods during open access use 2003-2009, and at first and longest visit according to open access
context and randomized controlled trial

Median (IQR) Minutes
Spent in Tailored Mod-
ules per Visit (if ≥ 3
Minutes Spent in Mod-
ules)

Median (IQR) Min-
utes Spent in Tai-
lored Module per
Visit (When a Mod-
ule Was Started)

Number of Visits
(%) When At
Least One Tai-
lored Feedback
Was Received

Number of Visits
(%) When ≥ 3
Minutes Spent in
the Tailored
Modules

Number of
Visits (%)
When a Tai-
lored Mod-
ule Was
Started

Median
(IQR)
Number of
Pages
Viewed per
Visit

Comparison of time periodsa during open
access use (based on first visits)

8.4 (4.8-15.6)4.2 (1.8-11.4)24,973 (59.9%)19,349 (46.4%)29,967
(71.9%)

16 (9-28)   2003-2004

7.2 (4.2-13.8)3.6 (1.2-8.4)13,132 (52.5%)9341 (37.3%)16,465
(65.8%)

11 (4-21)   2004-2005

9.0 (4.8-15.6)4.2 (1.8-11.4)7277 (58.1%)5593 (44.7%)8851
(70.7%)

19 (11-31)   2005-2006

8.4 (4.8-15.6)4.2 (1.8-10.8)5716 (59.9%)4154 (43.5%)6661
(69.8%)

21 (13-32)   2006-2007

8.4 (4.8-14.4)4.2 (1.8-10.2)5152 (54.5%)3728 (39.4%)6015
(63.6%)

19 (11-30)   2007-2008

6.6 (4.2-11.4)3.0 (1.2-7.8)4090 (50.3%)2639 (32.4%)4818
(59.2%)

16 (11-25)   2008-2009

< .001< .001< .001< .001< .001< .001   P Valueb

Comparison of open access users and RCT
participants (based on first visits)

8.4 (4.8-15)4.2 (1.8-10.2)60,340 (56.7%)44,804 (42.1%)72,777
(68.4%)

16 (9-27)   Open access: all users

15.6 (9.6-24.6)15.0 (8.4-24.0)4629 (91.1%)4643 (91.3%)4892
(96.2%)

42 (30-57)   Open access: registered

   users only

10.8 (6.0-16.2)9.0 (3.6-15.6)250 (29.9%)265 (31.7%)322 (38.5%)7 (2-21)   Trial participants

< .001< .001< .001< .001< .001< .001   P Valuec

Comparison of open access users and RCT
participants (based on longest visits)

8.4 (4.8-15.0)4.2 (1.8-10.2)60,531 (56.8%)44,985 (42.2%)72,943
(68.5%)

16 (9-27)   Open access: all users

16.2 (10.2-25.2)15.6 (9.0-24.6)4779 (91.8%)4789 (92.0%)5021
(96.5%)

43 (31-57)   Open access: registered

   users only

13.2 (7.8-20.4)12.0 (5.4-18.6)549 (65.2%)554 (65.8%)626 (74.4%)23 (8-38)   Trial participants

< .001< .001< .001< .001< .001< .001   P valuec

aEach one-year time period started on April 23 and ended on April 22.
bP values are based onchi-square test for trend (categorical variables over time) and test for trend developed by Cuzick (continuous variables over time).
cP values for both the comparison between open access users (all) and trial participants, as well as between registered open access users and trial
participants. P values are based on chi-square tests (comparisons between open access users and trial participants for categorical variables) and
Wilcoxon-Mann-Whitney test (comparisons between open access users and trial participants for continuous variables).

Attrition
Figure 4 and Figure 5 show nonusage attrition curves for open
access users (all open access users and subgroup of registered
open access users only) and for trial participants over 18 months
and over 12 weeks (for comparison with other published attrition
curves, see [7,14]). The median lifetime website usage (time
when 50% of users had stopped using the intervention) [13]
was 0 days for open access users (all open access users and

subgroup of registered open access users only) and 290 days
for trial participants. In trial participants, the first two reminder
emails after 9 and 10 months resulted in a relatively high
proportion of individuals returning to Active-online by clicking
on the link in the reminder email; however, fewer individuals
returned after the third reminder. Reminder emails sent to
registered open access users did not show the same effect: fewer
than 6% were still using the website after the first reminder was
sent out at two months.
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Figure 4. Nonusage attrition curves for open access users and trial participants over 18 months

Figure 5. Nonusage attrition curves for open access users and trial participants over 12 weeks

Figure 6 and Figure 7 present attrition curves for the time spent
in the tailored modules during the first visit and during the
longest visit, respectively, for open access users (all open access
users and subgroup of registered open access users only) and
for trial participants. Registered open access users spent more
time in the tailored modules both during their first visit and
during their longest visit compared with all open access users
and compared with trial participants. The majority of trial

participants did not spend much time in the tailored modules
during their first visit (Figure 6); however, the proportion
spending more time in the tailored intervention was much higher
for longest visits (Figure 7). In contrast, the curves are very
similar for first and longest visits of open access users (all open
access users and subgroup of registered open access users only),
indicating that first and longest visits were identical.
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Figure 6. Attrition curves for the duration of the first visit for open access users and trial participants

Figure 7. Attrition curves for the duration of the longest visit for open access users and trial participants

Predictors of Repeated Participation
In total, 1312 (25.8%) of open access users who registered and
received a password and 558 (67.3%) of the trial participants
returned for a repeated visit (P < .001). Table 3 displays
potential predictors of repeated participation for registered open
access users and for trial participants. Men and older individuals
were significantly more likely to visit Active-online repeatedly
in the open access context. Among trial participants, only the
age group of 46-60 years (compared with < 30 years) was a

significant predictor in the adjusted model, while gender did
not predict repeated participation. Meeting the HEPA
recommendations was not associated with repeated participation
in registered open access users. In trial participants, however,
there was a nonsignificant tendency for individuals not meeting
the HEPA recommendations not to have returned for a repeated
visit. Not having Swiss nationality achieved borderline
significance as a predictor of lower rates of repeated
participation in trial participants. Furthermore, there was a
tendency for more highly educated individuals to have returned
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for a repeated visit; however these associations were not significant. There were no effects for smoking and BMI.

Table 3. Predictors of repeated participation for registered open access users and for trial participants

Trial ParticipantsRegistered Open Access Users (2003-2009)

Adjusted

ORa(95% CI)

Unadjusted OR
(95% CI)

% Repeated
Visits

NAdjusted

ORa(95% CI)

Unadjusted OR
(95% CI)

% Repeated
Visits

N

Gender

1.001.0066.36261.001.0024.12,886Female

0.79 (0.39-1.62)1.21 (0.86-1.70)70.52101.20 (1.04-1.38)1.23 (1.08-1.39)28.02,197Male

Age category (years)

1.001.0053.61511.001.0020.51,270< 30

1.61 (0.71-3.66)1.66 (1.12-2.46)65.73241.37 (1.13-1.64)1.36 (1.15-1.60)25.92,11130-45

3.04 (1.25-7.38)2.61 (1.71-3.98)75.12691.48 (1.21-1.81)1.52 (1.27-1.82)28.21,37046-60

1.72 (0.57-5.20)2.32 (1.32-4.05)72.8922.26 (1.68-3.04)2.17 (1.67-2.82)35.8332> 60

Met HEPA recommendations

1.001.0070.33471.001.0024.41,587Yes

0.76 (0.56-1.03)0.79 (0.59-1.07)65.24891.11 (0.96-1.29)1.07 (0.93-1.24)25.82,697No

Not availableSmoking

1.001.0064.8125Yes

1.03 (0.69-1.56)1.14 (0.77-1.70)67.8711No

Not availableBMI

1.001.0067.5501<= 25

0.93 (0.65-1.32)1.06 (0.76-1.48)68.722725-30

0.79 (0.50-1.25)0.86 (0.56-1.34)64.2106> 30

Not availableEducation

1.001.0051.729Compulsory school

1.73 (0.78-3.81)1.97 (0.91-4.24)67.8289Apprenticeship

1.82 (0.79-4.19)1.64 (0.73-3.70)63.7124High school

1.95 (0.86-4.41)2.27 (1.03-5.03)70.9189Higher professional
education, upper

vocational school

1.74 (0.78-3.91)1.97 (0.90-4.31)67.8205University

Not availableNationality

1.001.0068.4737Swiss

0.64 (0.41-1.00)0.68 (0.44-1.05)59.699Non Swiss

aAdjusted for sex, age category, and whether HEPA recommendations were met. Additional adjustment for the other potential predictors in the model
(RCT only) did not change the results.

Discussion

Principle Results and Comparison with Prior Work
The present study aimed to assess user characteristics,
adherence, attrition, and predictors of repeated use in trial
participants and open access users of a Web-based physical
activity intervention. The most important findings were
differences in adherence, attrition, and repeated participation
between trial participants and open access users. Furthermore,
reminder emails had a differential effect on attrition in trial

participants and open access users. Assessing the data over time,
there was an increase in the proportion of women using
Active-online but no consistent trends in terms of adherence.

The yearly number of recorded visits on Active-online decreased
from over 40,000 in 2003-2004 to less than 9,000 in 2008-2009.
The most likely reason for this decrease was a decline in
promotional efforts because there has been no active promotion
of the website since 2008. Despite the decrease in the absolute
number of visits, it is encouraging that even without active
promotional strategies, Active-online still yielded around 23
visits per day in 2008-2009. Furthermore, no consistent time

J Med Internet Res 2010 | vol. 12 | iss. 1 |e3 | p.69http://www.jmir.org/2010/1/e3/
(page number not for citation purposes)

Wanner et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


trends in adherence and patterns of individual intervention use
were observed in open access users between 2003 and 2009.

Different reasons may be responsible for the increase in the
proportion of women using Active-online between 2003 and
2009. For one thing, the proportion of women using the Internet
has increased steadily in Switzerland from 23% in 1997 to 44%
in 2006 [28]. Moreover, women are generally more interested
in health information and use a wider spectrum of information
sources [29]. Specifically, "online" women are more likely to
use the Internet to look for health information than "online"
men [30,31].

Trial participants differed in several ways from open access
users. Adherence of trial participants during the first visit was
generally lower. Only the small proportion that became involved
with the intervention spent as much or more time in the tailored
modules compared with open access users. The additional
baseline data assessment in the trial context is a likely reason
for the low use during the first visit in trial participants.
However, comparing trial participants and participants of the
feasibility study [23], in the latter group adherence was higher
and more similar to the patterns observed in open access users
(data not shown). Therefore, adherence may vary in different
controlled study settings.

Trial participants were significantly more likely to visit the
website repeatedly compared with open access users.
Furthermore, when analyzing longest visits (Table 2), we found
that adherence was similar or higher in trial participants
compared with all open access users. However, registered open
access users still showed higher adherence during their longest
visit. In a study comparing public registrants of a cognitive
behavior therapy website with trial participants, the latter were
more likely to adhere to the full treatment program [17,32]. In
that study, trial participants were contacted weekly by phone,
suggesting that the formal structure of the trial and the personal
contacts may have increased compliance in trial participants
compared with public registrants [17,32].

In the open access context, registration did not achieve high
levels of repeated participation (Figure 4 and Figure 5). This
indicates that reminder emails (with the same content) may not
have the same effect in different contexts. Having agreed to
participate in a study, trial participants may have felt more
committed to react to reminder emails. We did find, however,
that adherence during the first visit was significantly higher
among registered open access users compared with unregistered
users (Table 2). For example, there was a large difference in
visit duration between registered open access users and all open
access users. The differences in adherence were supported by
the attrition curves for the duration of the first and longest visits
(Figure 6 and Figure 7). The registration process itself is very
brief and cannot explain the large difference in visit duration.
Therefore, registered open access users seem to have been more
motivated to use the intervention thoroughly compared with
unregistered users.

Open access users and trial participants who started a tailored
module spent an average of 7.5 and 9.2 minutes in the modules,
respectively. Other studies have found similar visit durations,
for example, an average of 9 minutes was found among

participants of a randomized study regarding another physical
activity website [9], an average of 7.1 minutes per visit was
found on a tailored physical activity Internet intervention in a
randomized study setting [11], and an average of 7 minutes was
found for visitors of a smoking cessation website [33].

Only about 2% of the open access visits on Active-online
between 2003 and 2009 were repeated visits (Table 1). A
Web-based behavior change program for healthy body weight
and healthy lifestyle, in which an email reminder strategy similar
to ours was used, resulted in about 10% of users visiting the
website more than once [20]. However, registration was
compulsory for users, making it easier for the study investigators
to detect repeated visits and possibly resulting in selection by
more motivated users. Two smoking cessation websites yielded
almost 20% [15] and 27% [16] of registered visitors returning
to the website, respectively. When considering only registered
users in our study, one quarter of the registered open access
users and two thirds of the trial participants visited the
intervention more than once.

In a previous study, the main predictors of repeated participation
in a behavior change program for healthy body weight were
older age, never having smoked, meeting the guidelines for
moderate physical activity and vegetable consumption, and
being obese [20]. In our study, older age was confirmed as a
predictor of repeated participation, but smoking, BMI, and
meeting HEPA recommendations were not. We did not obtain
information about vegetable consumption. The only other
significant predictors documented in our study were male sex
among open access users (which was not significant in trial
participants) and Swiss nationality, which achieved borderline
significance in trial participants only. There was a tendency for
more highly educated trial participants to have been more likely
to return, an effect that was also reported for an online smoking
cessation program [15]. In another study, repeated use of an
interactive coaching program for smoking cessation was
predicted by female sex and older age, among other
smoking-related variables [16].

Nonusage attrition was much higher for open access users (all
open access users as well as the subgroup of registered open
access users only) than for trial participants. Similar, although
less pronounced, results have been reported for spontaneous
users of a cognitive behavior therapy website compared with
participants in an RCT through the same website [17]. Attrition
curves of open access visitors to other websites in the domains
of cognitive behavior therapy [18] and the promotion of sensible
drinking [19] were also comparable (see Ware et al [14], Figure
2, which shows different published attrition curves).

Limitations
The open structure of Active-online has advantages regarding
dissemination and use of the intervention in that visitors are
free to switch between modules, to open several windows
concurrently, and to use the tailored intervention without
registering. Thus, more individuals may be willing to participate
in the intervention. However, this open structure also has some
limitations. For example, a repeated visit of an unregistered
user is recorded as a new first visit. Furthermore, an individual
may open more than one tailored intervention browser window

J Med Internet Res 2010 | vol. 12 | iss. 1 |e3 | p.70http://www.jmir.org/2010/1/e3/
(page number not for citation purposes)

Wanner et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


resulting in multiple new visits being recorded in the database.
Individuals are also free to stop the intervention at any point,
which can produce large amounts of missing data if the
intervention is terminated before all questionnaires are
completed. Nevertheless, our study results provide insight into
an open access Web-based physical activity intervention
delivered under real-world conditions and allow comparisons
of use and users over time and in different contexts.

Another limitation is the lack of information on the
sociodemographic background of open access users and
additional potential predictors of repeated website usage. During
the development of Active-online it was decided not to include
questions ascertaining sociodemographic variables (with the
exception of sex and age) at the start of the tailored intervention.
There was a concern that this may discourage entering the
intervention for individuals who may be unwilling to reveal
personal information or to spend time completing questions not
related to tailored feedback. Ideally, a newer version of
Active-online may include a brief questionnaire with questions

related to smoking, BMI, socioeconomic status, education, and
nationality, for example. Finally, we compared open access
users visiting Active-online between 2003 and 2009 with trial
participants visiting the website between 2006 and 2007. Thus,
potential period effects may have influenced the differences
observed in our analyses. However, Table 2 does not suggest
specific time trends in adherence to the intervention; therefore,
we think it was justifiable to use the full time range of data
collected for open access users.

Conclusions
It is important to acknowledge that adherence, patterns of
individual use, repeated participation, and attrition on a
Web-based individually tailored physical activity intervention
may differ between open access users and trial participants.
Moreover, reminder emails to encourage repeated participation
may not have the same effect in different contexts. These issues
are important when interpreting and generalizing results of
randomized controlled effectiveness trials.
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IQR: interquartile range
RCT: randomized controlled trial
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Abstract

Background: Virtual worlds are rapidly becoming part of the educational technology landscape. Second Life (SL) is one of
the best known of these environments. Although the potential of SL has been noted for health professions education, a search of
the world’s literature and of the World Wide Web revealed a limited number of formal applications of SL for this purpose and
minimal evaluation of educational outcomes. Similarly, the use of virtual worlds for continuing health professional development
appears to be largely unreported.

Methods: We designed and delivered a pilot postgraduate medical education program in the virtual world, Second Life. Our
objectives were to: (1) explore the potential of a virtual world for delivering continuing medical education (CME) designed for
physicians; (2) determine possible instructional designs using SL for CME; (3) understand the limitations of SL for CME; (4)
understand the barriers, solutions, and costs associated with using SL, including required training; and (5) measure participant
learning outcomes and feedback. We trained and enrolled 14 primary care physicians in an hour-long, highly interactive event
in SL on the topic of type 2 diabetes. Participants completed surveys to measure change in confidence and performance on test
cases to assess learning. The post survey also assessed participants’ attitudes toward the virtual learning environment.

Results: Of the 14 participant physicians, 12 rated the course experience, 10 completed the pre and post confidence surveys,
and 10 completed both the pre and post case studies. On a seven-point Likert scale (1, strongly disagree to 7, strongly agree),
participants’ mean reported confidence increased from pre to post SL event with respect to: selecting insulin for patients with
type 2 diabetes (pre = 4.9 to post = 6.5, P= .002); initiating insulin (pre = 5.0 to post = 6.2, P= .02); and adjusting insulin dosing
(pre = 5.2 to post = 6.2, P= .02). On test cases, the percent of participants providing a correct insulin initiation plan increased
from 60% (6 of 10) pre to 90% (9 of 10) post (P= .2), and the percent of participants providing correct initiation of mealtime
insulin increased from 40% (4 of 10) pre to 80% (8 of 10) post (P= .09). All participants (12 of 12) agreed that this experience
in SL was an effective method of medical education, that the virtual world approach to CME was superior to other methods of
online CME, that they would enroll in another such event in SL, and that they would recommend that their colleagues participate
in an SL CME course. Only 17% (2 of 12) disagreed with the statement that this potential Second Life method of CME is superior
to face-to-face CME.

Conclusions: The results of this pilot suggest that virtual worlds offer the potential of a new medical education pedagogy to
enhance learning outcomes beyond that provided by more traditional online or face-to-face postgraduate professional development
activities. Obvious potential exists for application of these methods at the medical school and residency levels as well.

(J Med Internet Res 2010;12(1):e1)   doi:10.2196/jmir.1337
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Introduction

Background
Virtual worlds are rapidly becoming part of the educational
technology landscape. Forterra’s OLIVE, The Croquet
Consortium, Sun Microsystem’s Project Wonderland,
ProtonMedia’s Protosphere, and Linden Lab’s Second Life are
all examples of virtual world environments [1-5]. Platforms like
these are potential environments for providing medical
education.

Second Life (SL), one of the best known of these virtual worlds,
consists of a flat-earth simulation of roughly 1.8 billion square
meters, which would be about the size of Houston, Texas, if it
were a physical place [6]. First launched in 2003, SL is an
example of an immersive, three-dimensional environment that
supports a high level of social networking and interaction with
information. The SL virtual world is entered through a free
client program called the SL viewer. Individuals enter SL as
avatars that can take any form the user chooses. In the SL virtual
world, residents can explore environments, meet and socialize
with other residents (using voice and text chat), participate in
individual and group activities, and learn from designed
experiences. Built into the software is a three-dimensional
modeling tool, based on simple geometric shapes that allows
anyone to build virtual objects. These objects can be used, in
combination with a scripting language, to add functionality [7].

While virtual worlds with their three-dimensional landscapes
and customizable avatars seem similar to popular Massively
Multiplayer Online Games (MMOGs), they do not adhere to
the traditional definition of a game. Virtual worlds, like SL, are
more focused on socializing, exploring, and building. As a result,
there is an active educational community in SL. Over 300
colleges and universities have “builds” in SL where they teach
courses and conduct research. A number of organizations, such
as National Aeronautics and Space Administration (NASA),
the National Oceanic and Atmospheric Association, National
Institutes of Health, Jet Propulsion Laboratory, and National
Public Radio, along with museums, educational groups, and a
host of other government agencies, stage regular events,
seminars, and workshops in Second Life [7].

Live sporting events, plays, meetings, seminars, research
presentations, and musical concerts are all regular occurrences
in Second Life. In 2008, Leong reported that the first virtual
meeting of the International Virtual Association of Surgeons
was held in Second Life, with 47 delegates attending from 5
countries [8]. There is no charge to create an SL account,
although premium membership (which allows land ownership
and greater technical support) is currently available for
US$9.95/month. There is an economy in SL with the Linden
dollar (L$) as the unit of exchange. Linden dollars can be used
to buy, sell, rent or trade land, goods, or services.

Second Life demographics show that 83% of the population is
25 years or older, with the users over 44 years of age being the
heaviest users on average. There is a close to even gender split
among residents (57% male, 43% female), and more than 55%
of the SL citizens come from outside the United States. In
January 2008 residents spent a total of 28,274,505 hours in
world and, on average, 38,000 residents were logged in at any
particular moment. As of January 2009, just over 18 million
accounts were registered (from over 150 countries), although
there are no reliable figures for long-term, consistent usage
[9,10,11,12,13].

Avatars are personalized by altering shapes, size, skin, hair, and
clothing. They can be enlivened with animations to simulate
facial expressions, posture, and gestures.

There are multiple channels for communication in the virtual
world. Avatars can communicate by typing through local chat
or instant messaging (IM), or by speaking through voice chat.
Local chat is used for localized public conversation (called
“local chat” or “backchat”) between two or more avatars and
is visible to any avatar within a given distance. IMs are used
for private conversation and do not depend on local proximity.

The virtual world is not constrained by real-world physics. This
is an important consideration when constructing educational
activities. Avatars can fly, float to observe goings-on from any
angle, teleport in order to materialize in a different location, fall
and recover, and change their visual perspective at will.

Prior Work
Second Life has tremendous potential as a learning environment.
The virtual world offers opportunities for student interaction,
intense engagement, scripted immersive experiences,
simulations, role-playing, and constructivist learning. The
anonymity afforded by the avatar appears to lead to less
inhibition and greater interaction. In addition, the greater sense
of “presence” in a virtual world positively influences group
process and cohesiveness, as well as engagement and attention
[14,15,16]. We decided to use Second Life for our pilot since
it is the most widely used virtual world platform and there is
no charge to access it.

The problems with using a virtual world like SL for education
and training lie mostly in the realm of technical and security
issues. The software requires a download and has significant
system requirements (processing power, up-to-date video card,
and a fast broadband Internet connection) [17], the learning
curve for navigation and interaction is steep, and the possibilities
for technical problems and failures during the actual event are
numerous. Many corporate or university firewalls do not allow
access to public virtual worlds like Second Life.

Over the last three to four years, there has been growing interest
in the medical and public health communities in using Second
Life for public education, outreach, and training. There are a
number of medical and health-related locations in Second Life.
Most of these are education and awareness locations featuring

J Med Internet Res 2010 | vol. 12 | iss. 1 |e1 | p.75http://www.jmir.org/2010/1/e1/
(page number not for citation purposes)

Wiecha et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


kiosks and visual displays, health videos, slideshows, and Web
links [18-26]. Beard (2009) reports 68 relevant health-related
SL locations, 34 of which were designed to disseminate health
information [27]. There are several medical simulation sites
where nursing or medical students can practice with virtual
equipment, procedures, or lab results [28-32]. For example, the
Imperial College of London has created a game-based simulation
in Second Life for undergraduate medical students where they
can interact with virtual respiratory therapy patients in order to
build their skills and confidence [33,34]. Reports that describe
the potential of Second Life for health professions education
are common [18,35], but a recent comprehensive review [27]
identified only 11 actual programs. Our search of English
language peer-reviewed publication databases did not identify
any formal evaluation of the educational effectiveness of health
professional training in SL or other virtual worlds. Recent
reports have commented on this lack of empirical evidence of
learning impact [20,35]. We did find evaluated virtual world
experiences in other disciplines, such as an interdisciplinary
communications course taught in Second Life [36]. We concur
with that article’s author, Leslie Jarmon, that there are few
empirical studies that inform instructional design and learning
assessment in virtual worlds.

Physicians in the United States and in many other countries are
required to undergo a specific number of hours of continuing
medical education each year as a condition for maintenance of
specialty board certification, and in some cases licensure,
hospital admitting privileges, and insurance plan participation.
The popularity and scope of available online, Web-based CME
programs has increased dramatically in recent years [25,37,38],
but has yet to include virtual worlds like SL as a venue.

Purpose
The purpose of this project was to explore the potential of using
a virtual world platform for medical education through the
development of a one-hour, interactive seminar for postgraduate
primary care physicians on the topic of insulin therapy for type
2 diabetes.

The objectives of this pilot study were to: (1) explore the
potential of the virtual world, Second Life, for CME activities;
(2) determine possible instructional design approaches for using
SL for CME; (3) understand the limitations of SL for CME
activities; (4) understand the barriers, solutions, and costs to
using SL, including participant and presenter training; and (5)
measure participant learning outcomes and feedback.

The learning objectives for the participating physicians were
to: (1) learn to be aware of insulin inertia (in other words, not
delaying initiation of insulin therapy when indicated); (2) learn
to use glycemic patterns to choose starting insulin; (3) learn to
decide among basal, prandial, and premixed insulins; and (4)
gain confidence titrating insulin.

Methods

The Venue
We started with an existing Boston University School of
Medicine Second Life build (or “sim”) [39] constructed on a

private island owned and developed by Boston University
School of Medicine (BUSM) for an earlier, joint project between
BUSM and the World Health Organization (WHO). Ownership
of the island allowed the developers to control access and thus
provide security and privacy for the attending physicians. If an
SL venue is not private, there is a risk of random avatars
wandering into and potentially disrupting an event.

The existing BUSM/WHO meeting location was modified to
add capacity, make it outdoors with no roof, open the walkways
for easier navigation, and include automatic seating such that
when avatars click on the seats, they automatically sit. We also
built a media screen with a built-in script for controlling the
PowerPoint slides that could also be used to project movies or
websites.

Recruitment
Since this was a pilot, the plan was to keep the attendance small.
Institutional Review Board approval was obtained from BUSM.
Participants were recruited from two family medicine listservs
and from prior participants in our online CME courses. Given
the anticipated time commitment, including training and pre
and post surveys, participants were offered an honorarium for
completion of all activities. Since this was a pilot and not an
accredited CME program, no CME credits were provided.
Participants were offered a Second life coaching session if they
had no previous SL experience.

Initially, 41 physicians expressed interest in the program.
Ongoing email contact helped to further qualify the candidates,
arrange coaching sessions, clarify objectives, confirm
hardware/software requirements, and send candidates to the
online pre survey. Over the course of three weeks, the original
41 was pared down to 14. Some had conflicts with the workshop
date, some did not have a compatible computer, and still others
did not respond to emails.

Of the 14 participants, 8 were female and all were primary care
physicians (family medicine specialty). Participants had spent
an average of 16 years in practice and resided in seven different
states (NC, IL, CA, MA, SC, CT, KY). One observer attended
the session logged in from Geneva, Switzerland. Of the 14
participants, 4 reported having previously logged into Second
Life, and 9 described themselves as “daily Internet users.”

The organizers commissioned Dr. Elliot Sternthal (MD, FACP,
Director of Outpatient Diabetes Program, Boston Medical
Center) to provide the session content. The instructional
emphasis was to understand the options around diabetes patient
assessment, insulin administration, and titrating dosage.

Training
Of the 14 participating physicians, 3 were experienced Second
Life residents who did not require coaching. The remaining 11,
plus the seminar speaker, were coached in one-on-one sessions
conducted by phone with coach and participant each on their
respective computers. It required an average of 12 email
communications, and an average of 78 minutes of coaching
time per participant to gain required proficiency. A checklist of
skills (see Textbox 1) to be mastered was the organizing
framework for each coaching session.
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Textbox 1. Key Second Life skills taught in training sessions

Getting started

Logging on

Accessing the Second Life URL.

Do you have a computer gaming background?

Quit

Orientation

Camera controls: Understanding the various navigational commands allows residents to alter their viewpoint and focus in on specific items (eg, the
slides in a presentation).

Mini map: This is a smaller map of the localized area in which a resident’s avatar is standing that helps find other nearby avatars or landmarks.

Big map: This is a map of the entire Second Life grid. Residents can use this to locate themselves, to search, to teleport to new locations, and generate
URLS that guide others to specific locations.

Create landmark: Sets a physical “bookmark” so that residents can return to the same location.

Environmental settings: Used to control the time of day.

Movement

Teleport: Used to transport from one location to another.

Walk

Fly

Right click on an object: Used to obtain more information about an object or another avatar.

Sit

Communicate

Audio preferences

Text chat

IM (Instant Message) a specific person.

Talk

Right click to see profile.

Offer friendship: Used to establish a connection with another avatar so that residents can easily communicate with them and exchange goods or
services.

Use of Skype/ headset use.

Extras

Take a snapshot: Takes a photograph of whatever is currently on the screen.

Inventory management: This is the place where residents’ virtual goods are stored (landmarks, clothing, objects, information cards). As the inventory
grows, it is important to devise a filing system and a method for organizing it so that residents can easily find and retrieve desired items.

At the conclusion of the coaching session, participants were
awarded a rating by one of the authors to indicate their degree
of comfort with SL (1 = not comfortable, 2 = reasonably
comfortable, 3 = very comfortable). The rating allowed us to
partner confident doctors with less confident doctors. Partners
were encouraged to arrange another meeting in SL with their
partner prior to the workshop to practice navigational skills and
camera controls. It was also hoped that knowing at least one
other avatar would provide participants with a more comfortable
experience at the actual event.

Instructional Design
The organizers worked with Dr. Sternthal to create an
instructional design for the hour-long session and build an avatar
that resembled him in real life. Dr. Sternthal started with a
PowerPoint deck to support a 40-minute insulin therapy talk.

We found that this deck, which would work well for a
face-to-face talk, was too long and did not allow opportunities
for the interaction and activity afforded by the virtual world.
The organizers worked with Dr. Sternthal to shorten the talk,
focus in on the key concepts, add visual elements, increase the
interactivity, and leverage the unique capabilities of Second
Life. Strategic questions were inserted (answers to be given by
the doctors in local chat) in order to surface misconceptions and
points of confusion among the participants. We also decided to
introduce two mock diabetes patients to the session in order to
apply the session content to a real-world scenario. This entailed
designing two age-appropriate, overweight avatars. During the
actual session, Dr. Sternthal gave a lecture interspersed with
active engagement junctures. At those points, Dr. Sternthal
asked questions related to his lecture, interviewed the patients,
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displayed their lab results, and requested input from participant
doctors on treatment plans.

Since the organizers and the speaker all lived in the same
geographical area, we opted to conduct the seminar in the same
physical location (see Figure 1) while the participating
physicians were on their own computers in their homes or
offices across the United States or in Switzerland. This allowed

easy communication between the organizers during the event
and convenient technical support for the speaker. As insurance
against sound problems (one of the more often encountered SL
technical issues), Skype [40] IDs were collected from all
participants in advance so that a Skype conference call could
be placed between the speaker’s location and any participants
experiencing sound problems.

Figure 1. CME event team on the night of the event

The Backchat
One of the features of Second Life is the ability to conduct
text-based local conversations that every avatar in the immediate
vicinity can “hear” (read). For this pilot, we experimented with
the use of backchat in a number of ways. First we used it as a
vehicle to increase workshop interactivity. At predetermined
points throughout the seminar, Dr. Sternthal asked for the
doctor’s input (eg, “What would you recommend for this patient,
given these lab values?”) We also used backchat as a way to
solicit more information from the participants (eg, “How many
diabetics do you see in your practice?” “What are the most
often-cited patient reasons for not wanting to go on insulin?”)
An unexpected advantage of the backchat that we noticed was
that doctors talked to doctors throughout the event. Realizing
the potential value of the backchat, we performed an analysis
of its content. The seminar’s entire chat log (25 pages) was
printed and then coded according to the following categories:

Chatter: greetings, compliments, farewells, and casual
conversation not pertaining to the content (eg, “Hi! Good to see
you.”)

Technical: questions or comments related to the functioning of
Second Life (eg, “Remind me how to sit, please.”)

Logistical: questions or statements related to the logistics of
the event (pre and post surveys, timing, location, etc) (eg, “Yes,
I did complete the survey.”)

Doctors answering questions: statements given in answer to a
question posed by the speaker (eg, “It depends on when the
sugars are high.”)

Doctors asking questions: questions posed to the speaker (eg,
“When we start insulin, how often do we follow-up?”)

Doctors exchanging information: instances of participants
answering other participants’questions, providing links, making
suggestions to each other (eg, “Is there a difference in A1C
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between premixed insulin and NPH and regular?” Three other
doctors answer, “Yes. Yes. Yes.”)

Evaluation
Online surveys that included clinical skill confidence questions
were completed before and following the session in order to
assess physician reactions to the experience and evaluate
learning transfer. These included two case studies before and
two case studies after the session with questions designed to
ascertain change in competence with respect to two learning
objectives of the session: (1) how to properly initiate basal
insulin in a patient with type 2 diabetes, and (2) how to initiate
prandial (meal-time) insulin in such a patient. The cases were
rated in a blinded fashion as either correct or incorrect by the
two physician authors. This case approach has been shown to
have good validity as compared to actual clinical practice [41].

Statistical Analyses
The significance of the increase in the proportion of correct
scores on the case studies was tested using the Fisher exact test

due to the small cell sizes. Fisher exact tests were performed
using Epi Info version 3.5.1 (Centers for Disease Control and
Prevention, Atlanta, GA) [42]. Means of responses on the Likert
scale items were tested with paired t tests. The change from pre
to post in the distribution of the Likert scale responses to the
confidence questions was tested using the Wilcoxon signed rank
test with the Statistix statistical package (Analytical Software,
Tallahassee, FL) [43].

Results

The Event
The event was held on Monday, June 15, 2009, from 7:00pm
to 8:00pm (EST). Avatars were asked to arrive 30 minutes early
to get everyone settled and to resolve any technical issues. The
session officially ended at 8:00pm, but the physicians stayed
until 8:30pm asking questions and socializing. See Figures 2
and 3 for scenes from the actual event.

Figure 2. Avatars assembling just before the event on the Boston University/World Health Organization Second Life location
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Figure 3. Dr. Elliot Sternthal, diabetes specialist, reviews lab results with fictional diabetic patient, Mariana Hexicola

Evaluation Outcomes
Of the 14 participant physicians, 12 rated the course experience,
10 completed the pre and post confidence surveys, and 10
completed both the pre and post case studies.

The data showing pre-post changes in confidence regarding
insulin therapy can be found in Table 1. After participation in
this program, the pilot group reported a statistically significant
increase in confidence in their ability to select, initiate, and
adjust insulin for patients with type 2 diabetes.

On test cases, the percent of participants providing a correct
insulin initiation plan increased from 60% (6 of 10) pre to 90%

(9 of 10) post (P= .2), and the percent of participants providing
correct initiation of mealtime insulin increased from 40% (4 of
10) pre to 80% (8 of 10) post (P= .09).

All participants agreed that this SL experience was superior to
other online methods, and most also felt that the SL method
was as good as, if not better than, face-to-face methods. All
agreed they would take other CME events in SL. Textbox 2
displays representative comments from the physicians about
their experience with the seminar. Textbox 3 displays
representative participant comments explaining why they felt
the course was superior to face-to-face CME courses. Textbox
4 shares insights from Dr. Sternthal regarding his experience
with the CME event.
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Table 1. Course evaluation: change in confidence and competence and rating of course quality

P aPost CoursePre CourseStatement / Answer Categories

I am confident in my ability to select the appropriate insulin formulation and dose for starting a type 2 diabetic patient on insulin.

.0026.54.9   Mean (N=10)

6.55   Median

.0251   Strongly agree

52   Agree

05   Agree somewhat

00   Neutral

01   Disagree somewhat

01   Disagree

00   Strongly disagree

I am confident in my ability to initiate insulin therapy for my type 2 diabetes patients.

.026.25.0   Mean (N=10)

65   Median

.0421   Strongly agree

83   Agree

04   Agree somewhat

00   Neutral

01   Disagree somewhat

01   Disagree

00   Strongly disagree

I am confident in my ability to appropriately adjust the insulin dose among patients with type 2 diabetes whom I have started on insulin.

.0046.25.2   Mean (N=10)

66   Median

.0441   Strongly agree

45   Agree

21   Agree somewhat

01   Neutral

02   Disagree somewhat

00   Disagree

00   Strongly disagree

 

P aPost CourseEvaluation of Second Life Experience as Potential CMEb Activity

Overall, I found this experience in Second Life to be an effective method of CME

6 (50%)   Strongly agree

4 (33%)   Agree

2 (17%)   Agree somewhat

0   Neutral

0   Disagree somewhat

0   Disagree

0   Strongly disagree

I would take other CME courses in Second Life.
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P aPost CourseEvaluation of Second Life Experience as Potential CMEb Activity

9 (75%)   Strongly agree

3 (25%)   Agree

0   Agree somewhat

0   Neutral

0   Disagree somewhat

0   Disagree

0   Strongly disagree

The Second Life approach to CME was superior to other methods of online CME in which I have participated.

6 (50%)   Strongly agree

5 (42%)   Agree

1 (8%)   Agree somewhat

0   Neutral

0   Disagree somewhat

0   Disagree

0   Strongly disagree

This Second Life CME method is superior to face-to-face methods of CME.

2 (17%)   Strongly agree

1 (8%)   Agree

3 (25%)   Agree somewhat

4 (33%)   Neutral

2 (17%)   Disagree somewhat

0   Disagree

0   Strongly disagree

I would recommend to my colleagues to participate in a Second Life CME course.

6 (50%)   Strongly agree

6 (50%)   Agree

0   Agree somewhat

0   Neutral

0   Disagree somewhat

0   Disagree

0   Strongly disagree

aP value for change in means was determined with paired t test; P value for change in distribution of Likert scale responses was determined using
Wilcoxon signed-rank test.
bThis event was not a formally accredited continuing medical education (CME) activity.
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Textbox 2. Qualitative feedback on the second life experience with medical education

”What are the strengths of this potential method of CME?

“Invites interaction without intimidation…”

“No travel, sitting at home. No cost…”

“Interactivity…”

“Felt like a more active participant…”

“Fun!”

“The local chat – the input from the other members made it more like a discussion group…”

“You only have to connect into one program and it is all there. It feels like a group experience.”

What were the most interesting elements of your experience?

“Loved sitting at home while attending live…”

“Real-time, ongoing questions, clinical comments.”

“The discussions with the ‘patients’…”

“The ability to see my colleagues questions in real-time ...and have them answered.”

“The anonymity...”

“The local chat/running comments offered a great way to ask questions, while thinking of them, without interrupting the speaker…”

What were the most confusing elements of your experience?

“Some of the local chat was distracting…”

“No confusing elements. Everything was great and in easy format.”

“Getting onto the SL site…”

“Getting going took some time. Once I had my avatar and basic directions, it was pretty easy.”

“At first, it was difficult to concentrate on the lecture while people were typing questions and comments.”

What are the weaknesses of this potential method of CME?

“Perhaps hard to convince other new users that the interface is easy — it really was — but there is a barrier to overcome.”

“None that I can think of.”

“New technology, still a bit raw…”

“Navigating in SL takes practice.”

“If internet connection doesn’t work…”

“Need participants who are tech savvy and able to multitask.”

“Definitely a new type of ‘manners’ and courtesy that needs to be learned in this type of CME.”

“Steep learning curve for some…”

What advice do you have for the developers?

“None.”

“Have friends available for chat/email.”

“Have some very good health sites to give us…”

“Perhaps not use local chat?”

“Some sound issues (echo)…”

“It was all fine. Lots of help when needed…”

“If not for the ‘guide at the side’ I would not have been able to participate.”

“Add pauses…time for questions, discourage ‘chatting.’” “Could have been a bit abbreviated.”

What did you learn about diabetes management that you didn’t know before?

“Adding bolus insulin to largest meal first, then reevaluating need to add bolus to other meals.”

“New perspective on newer agents.”

“I feel more comfortable with formulations of insulin now.”

J Med Internet Res 2010 | vol. 12 | iss. 1 |e1 | p.83http://www.jmir.org/2010/1/e1/
(page number not for citation purposes)

Wiecha et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Textbox 3. Ways in which this course was deemed superior to face-to-face CME events: participants’ responses

“Able to listen to more views on the topic from other participants in a very time effective manner (by the typed answers for the presenters questions).”

“I would say that the biggest advantage is being able to attend the conference from wherever and still feel as if you were actually present at the
conference.”

“The presentation was very interactive. Instead of raising my hand and asking a question, I could type a question at any time and know that the presenter
would eventually see it. I’m not the extroverted type, so don’t always ask a question when given the opportunity.”

“The ’patients’ made it interesting and helped apply what we had learned to common patient scenarios. It’s amazing how real it all feels during the
presentation—a great way to learn.”

“I feel having an alter ego on SL facilitates learning because of the freedom of expression—less fear of being judged. Unlike face-to-face meetings,
looks, mannerisms, and speech patterns are taken out of the experience for the learner. Instead, the learner relaxes in a pleasant environment (home)
and can concentrate on learning.”

“This was one of the great experiences I have had. The phone or the other Web ones are a little boring. This one just kept me on my toes.”

“There was a nice element of play that enhanced the fun aspect of learning. I miss having fun in class.”

“Participants can communicate with each other during the session. No more saving questions till the end. The questions are addressed by all, not just
the speaker, as they arise in the participants’ minds. This enhances learning.

Textbox 4. Comments from Dr. Sternthal: experience conducting the event

This was indeed a unique experience for me. I have extensive experience in live face-to-face presentations to audiences of various sizes. I also have
done numerous remote presentations via telephone and Web-based streaming where the audience is not visible just audible.

The SL presentation, while not face-to-face in the traditional sense, used a scenario that provided a sense of actually attending a meeting via the
surrogate (avatar), thereby overcoming some of the sense of isolation (and often boredom) that is associated with just staring at remotely advanced
slides on a monitor screen, typical of many remote programs. At the same time, with SL, there is a sense of anonymity and safety from critique and
a loosening of inhibitions that facilitate the question and answer interaction. Therefore, SL seems to offer valuable features of both live face-to-face
and remote programs: group interaction in a safe learning environment.

I would not consider moderating this SL program difficult. It was highly enjoyable and would not appear daunting to an experienced lecturer. I found
certain challenges: coordinating the slides with the avatar patients, scanning and addressing in real-time the continuous chat questions and responses
to clinical questions, and monitoring the overall flow of the program. It was important to keep things moving on time and to avoid prolonged silent
times, so as to keep the participants engaged.

Interacting with the other avatars was not really different than fielding questions from a live audience. As I mentioned above, their presence gave a
feeling of community and group dynamics to the presentation. The avatars all actively participated, likely because of the secure, non-judgmental
learning environment.

The mock patients were invaluable and provided a concrete clinical correlate of the slide material. They reinforced the concepts being taught. In a
way, they were like the live patients who used to grace medical lectures many years ago. However, since they are made up, there is no issue with
confidentiality or privacy, and they can be constructed to portray the clinical situation that the lecture is addressing (in this program, deficiency in
insulin initiation and titration).

I believe that learning was greatly facilitated by this SL virtual environment based upon the active participation, the number and quality of the questions,
and the overall positive interactions with the presenter avatar and the other avatars.

The training that I received involved logistics in navigating to and through the SL virtual world, using and moving the avatar, and presenting information
by speech, slides, and keyboard. This was accomplished in 3 sessions followed by a dry run of the whole presentation.

I believe that SL virtual learning is effective, innovative, stimulating, and fun. Its format encourages active reflection and participation, and the mock
patients provide the opportunity to try out various clinical maneuvers, increasing the chance that the desirable behavioral change will be adopted by
the health care participant. This has been a chronic problem with CME programs: effecting the appropriate behavioral change. It will be very valuable
to evaluate the incorporation and durability of these take-home messages in participants after attending an SL medical education program.

Backchat Outcomes
In reviewing the backchat script, we recorded numerous
incidences of doctors posing questions that were then answered
by other participants, thus providing additional information over
and above the seminar’s planned content. One participant noted,
“The input from the other members made it more like a
discussion group…”

The results regarding the backchat are shown in Table 2, and
examples of typical doctor-to-doctor exchanges are shown in
Textbox 5. A significant amount of backchat was devoted to

doctors answering questions from the speaker. This reflects the
seminar’s instructional design. In addition to this confirming
information, there are a number of interesting trends revealed
in the backchat. Almost all of the “chatter” (exchanges like
”Hello, how are you?” “Thank you, it was great!”) occurred at
the beginning and end of the session. Almost all of the technical
talk (eg, “How do I sit down?” “I can't hear.”) happened in the
first 30 minutes before the session started. The doctor-to-doctor
exchanges were quite robust. For example, doctors provided
insight from their own clinical practice, talked about specific
patient examples, and pasted URLs into the backchat to help
other doctors find further information online.

J Med Internet Res 2010 | vol. 12 | iss. 1 |e1 | p.84http://www.jmir.org/2010/1/e1/
(page number not for citation purposes)

Wiecha et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 2. Backchat communication during educational session

% of total lines postedNumber of lines posted by topicTopic of text communication during educational session

32221   Technical

29197   Chatter

19132   Doctors answering speaker

965   Logistics

852   Doctors asking speaker

319   Doctors exchanging

100686   Total

Textbox 5. Representative backchat excerpt

Is the patient eligible for any assistance? Medicaid?

Maybe contact the drug companies; they have freebies for poor patients.

Could try premix NPH/regular.

Premixed 70/30 big, generic, cheaper than Lispro/Glargine combo.

Are there less expensive insulin formulas?

I agree with Abigail.

SU and metformin are $4/mon generic at certain pharmacies.

Any employer based options? A wellness program? Can we get the number of blood sticks down?

But she needs insulin.

While the backchat was used to increase the session interactivity,
not all of the participants found it helpful. A few participants
noted that it was distracting at times, and one suggested limiting
the amount in future actual CME sessions. One possible
explanation for the feeling of distraction is that, in SL, the
backchat appears momentarily on top of the action on the screen.

In future CME events, we should prepare the participants for
this and provide advice for managing the information flow.

Developer Investment
Since one of the pilot objectives was to understand the time
required to design and build a virtual world experience, careful
record was kept of the organizers’ hours. This is summarized
in Table 3.

Table 3. Time spent developing and running the CME event

Hours required for activityItem

Developer activities

15   Planning

12   Instructional design

20   Coaching doctor participants

10   Venue build (work with builder, troubleshooting, creating signage)

10   Avatar design

16   Communications (email, telephone, meetings)

8   Technical issues/security

6   Rehearsals

3   Event

8   Project director effort

Speaker activities

6   Rehearsals

3   Event

109Total person-hours
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Discussion

Principal Results
Overall, this pilot was very successful. The participant
physicians’ responses indicated that this was a positive and
engaging experience that could meet their CME needs and fit
their busy schedules. All respondents agreed it was superior to
other methods of actual online CME they had experienced. In
comparison with face-to-face CME, one-half of the respondents
agreed Second Life CME was superior, one-third were neutral,
and only two respondents disagreed “somewhat.” This is a
remarkable endorsement of such a new educational method.
Our results showed that the virtual world model can have a
positive impact on learner self-efficacy and, based on gains
demonstrated from the cases, suggested a potential positive
impact on clinical competence as well.

Many of the participants noted the convenience of an online
seminar as one of the most important advantages—no travel is
required, and they can participate from the comfort of their own
homes. Since other online methods of instruction also offer this
convenience, what justifies the expense of a virtual world
course?

This pilot points to at least two important virtual world
advantages: (1) the added sense of presence afforded by a
representative avatar, and (2) the added real-life application
provided by mock-patients [14,44]. Judging by the participant
comments, the injected realism of mock patients was effective
and added to the seminar’s impact. These methods required
considerable dexterity on the part of the speaker, Dr. Sternthal.
The speaker must maintain fidelity to the planned script but, at
the same time, pay attention to the backchat, adjust comments
to answer participant questions, role play with the mock patient,
and roll with whatever technical limitations, unexpected results,
or problems arise. It will be worthwhile to explore and develop
future instructional design options using mock patients.

Coaching Session Lessons
Relevant information emerged from the pre-event Second Life
coaching sessions. There was tremendous variability in the
participants’ Second Life learning curve, with some quickly
mastering the navigation and trying out functionality on their
own, while others were very uncertain and hesitant to try buttons
or commands. In hindsight, not all items on the skills checklist
were needed for the event. Since the Second Life learning curve
is so steep, it might be more effective to narrow the training to
those skills absolutely required for the event and trust that the
participant will go further with the virtual world on their own
time, if they are interested.

Reasons for the SL orientation problems experienced by the
doctors can be grouped into two categories, difficulty
understanding the metaphor and technical skills:

1. Difficulty understanding the metaphor. Many doctors had
trouble understanding where they were when training in the
virtual environment. This was expressed by questions like,
“Who is that?” (meaning the trainer’s avatar), “What is it we’re
trying to do here?” “I’m confused about where I am,” and
repeated instances of participants going to the Second Life

website [5] instead of opening the Second Life application in
order to enter the virtual world.

2. Technical skills. For some doctors, mastering the menus,
keyboard commands, and interface elements was no problem
at all. Others had significant trouble remembering how to
perform basic tasks such as sitting, chatting, accessing inventory,
and setting landmarks. The variability in coaching time reflects
these differences and is most likely related to the time each
participant has spent online and/or working with other
applications. It was noted that physicians with gaming
experience were much more adept at mastering the basics.

It was also interesting to note the differences in approach to
learning. Some of the physicians needed to understand the
context for any navigational command (“Why would you need
to take a snapshot in Second Life?” or “When would you use
that function?”), while others were perfectly content to run
through a list of skills and tick them off with no need to attach
relevance.

We observed that subjects tended to choose avatars that looked
like them in real life. For example, one African American
participant explained, “But I need the avatar’s skin to be
darker.…” This is consistent with previous studies [44,45]
showing that people choose avatars for self-representation, based
primarily on how similar avatars are to themselves. It also
implies the increased sense of presence afforded by the virtual
world [14].

The tactic of partnering confident with less confident subjects
for additional practice met with modest success but could be
used more effectively in the future if there was more time
between the coaching session and the event.

Overall Lessons Learned
Since this pilot was primarily designed to develop expertise in
designing and running CME and other medical education events
programs in the virtual world, it is important to capture key
lessons for future programs.

Among the lessons learned is that an event like this has to be
designed in such a way that it answers the question “Why SL?”
before it gets asked. In other words, it is critical to take
advantage of the unique opportunities afforded by the virtual
world to push the experience beyond what could be delivered
via a website or a webinar.

With so many opportunities to ”go wrong” with a technically
complex platform, it is clear that thorough planning is
paramount. This event was meticulously planned, rehearsed,
and buttressed with contingency plans.

The time investment to plan, prepare, and deliver a one-hour
event is steep, and the learning curve for the doctor-participants
is not trivial. From our experience, delivering a CME event in
Second Life is much more time consuming than face-to-face or
webinar events.

Virtual world events require skilled and unflappable speakers.
Speakers must be knowledgeable, confident in their expertise,
unruffled with the inevitable technical glitches, good humored,
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in tune with the students, and able to field questions from the
backchat while still keeping an eye on content and timing.

Overall, there is a certain excitement that comes from just being
there, all together, in the virtual world. The physician
participants are more forthcoming, brave, involved, and present.
There is an interesting ”protection“ effect that comes with the
avatar anonymity that promotes disclosure and sharing. Many
of the doctors commented on it, and from the backchat logs,
one could certainly sense an openness and willingness to venture
further. In fact, the informal exchange and learning resulting
from the backchat suggests a less top-down and more Socratic
approach to learning and instruction with participants and
experts exchanging strategies and ideas more fluidly. What’s
more, the backchat exchange might result in enhanced
professional connections among participants that could extend
beyond the boundaries of the single event.

But while the backchat offers an opportunity for increased
interactivity, it can be distracting. Organizers should prepare
participants for this and set ground rules about keeping the chat
to a professional level.

Lastly, it is important to leverage the more playful aspects of
Second Life without drifting into unprofessional behavior. In
this event, the mock-patient avatars’ responses, the 15-minute
conversational warm-up before the session started, and a social
phase (including “serving” champagne) at the end all helped to
serve that purpose.

Comparison with Prior Work
Prior reports have described the potential of SL and other virtual
worlds for the training of health professionals, or have described
a curriculum or program in SL [24,33,34,46,47,48]. Most of
these reports, however, have not included feedback from the
health professionals who were involved in this training. One
report described improvement in leadership skills after
participation in a trauma exercise in a non-Web-based virtual
environment created by the investigators for a local client [32].

However, we did not locate prior peer-reviewed publications
that described the impact of training delivered in virtual worlds
like SL on health professionals’ confidence or on health
professionals’ knowledge and competence in clinical
management.

Limitations
Chief among concerns for future CME programming is the time
required to bring all participants to a functional level and the
technical requirements/potential problems with the software.
The time investment to scale the course must be considered.
One hour per participant in one-on-one coaching sessions is not
scaleable to larger enrollments. Future events will require group
or self-directed training, and the training should be limited to
the skills required for the event. While the technical

requirements to run a virtual world are steep, it is clear that
ever-increasing processing power and bandwidth will make this
less of an issue going forward. Security concerns around virtual
worlds will most likely be addressed with the development of
platforms for installation behind firewalls and integration with
other native systems. The potential for technical failure in this
particular virtual world platform is high. System crashes and
sound problems are the most commonly experienced issues. It
is essential to have back-up plans for each possible technical
snafu.

Although the improvements in performance on the case scores
were large, our small sample size limited our ability to assess
the statistical significance of these score changes. More robust
evaluation work with larger samples is needed to measure impact
on clinical skills and outcomes and to compare the relative
effectiveness and efficiency of educational methods. Such work
also needs to address the rapidly developing diversity of online
approaches including virtual worlds. Also, further careful
evaluation work is needed on less selected populations to
determine if the enthusiastic reception of this SL method is
replicable more broadly.

Conclusions
The organizers are very optimistic about future use of virtual
worlds applied to all phases of medical education including
continuing medical education. The enriched environment,
convenience, and possibilities for constructivist approaches all
add up to tremendous potential. What’s more, it is expected that
virtual worlds will become more ubiquitous in other types of
computing. Some speculate that virtual worlds will soon replace
our Internet browsers [30].

There are many instructional design possibilities to consider
that will further leverage the unique advantages of these
innovative technological environments [49]. In future events,
we will consider expanding the mock patient element so that
physician pairs (or teams) could interview their own mock
patients and compare findings. This should enhance learning
on the psychosocial aspects of patient care, allowing doctors to
interact with other avatars (including patients, staff, and experts)
in a safe, simulated environment and reflect on their learning.
The backchat could be used more specifically to boost
engagement and information transfer. Simulated physiology
models could be created to provide a deeper understanding of
the biology behind the disease state. We intend to further
investigate the unique potential of Second Life as a learning
environment.

The results of this pilot suggest that virtual worlds offer
tremendous opportunity to provide a space for constructivist
learning at its best and to enhance learning outcomes beyond
that provided by traditionally designed CME courses.
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Abstract

Background: Despite the significant effect of computerized physician order entry (CPOE) in reducing nonintercepted medication
errors among neonatal inpatients, only a minority of hospitals have successfully implemented such systems. Physicians' resistance
and users' frustration seem to be two of the most important barriers. One solution might be to involve nurses in the order entry
process to reduce physicians’ data entry workload and resistance. However, the effect of this collaborative order entry method
in reducing medication errors should be compared with a strictly physician order entry method.

Objective: To investigate whether a collaborative order entry method consisting of nurse order entry (NOE) followed by
physician verification and countersignature is as effective as a strictly physician order entry (POE) method in reducing
nonintercepted dose and frequency medication errors in the neonatal ward of an Iranian teaching hospital.

Methods: A four-month prospective study was designed with two equal periods. During the first period POE was used and
during the second period NOE was used. In both methods, a warning appeared when the dose or frequency of the prescribed
medication was incorrect that suggested the appropriate dosage to the physicians. Physicians’ responses to the warnings were
recorded in a database and subsequently analyzed. Relevant paper-based and electronic medical records were reviewed to increase
credibility.

Results: Medication prescribing for 158 neonates was studied. The rate of nonintercepted medication errors during the NOE
period was 40% lower than during the POE period (rate ratio 0.60; 95% confidence interval [CI] .50, .71;P < .001). During the
POE period, 80% of nonintercepted errors occurred at the prescription stage, while during the NOE period, 60% of nonintercepted
errors occurred in that stage. Prescription errors decreased from 10.3% during the POE period to 4.6% during the NOE period
(P < .001), and the number of warnings with which physicians complied increased from 44% to 68% respectively (P < .001).
Meanwhile, transcription errors showed a nonsignificant increase from the POE period to the NOE period. The median error per
patient was reduced from 2 during the POE period to 0 during the NOE period (P = .005). Underdose and curtailed and prolonged
interval errors were significantly reduced from the POE period to the NOE period. The rate of nonintercepted overdose errors
remained constant between the two periods. However, the severity of overdose errors was lower in the NOE period (P = .02).

Conclusions: NOE can increase physicians' compliance with warnings and recommended dose and frequency and reduce
nonintercepted medication dosing errors in the neonatal ward as effectively as POE or even better. In settings where there is major
physician resistance to implementation of CPOE, and nurses are willing to participate in the order entry and are capable of doing
so, NOE may be considered a beneficial alternative order entry method.
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Introduction

Medication errors can increase mortality and morbidity and add
to healthcare costs [1]. Pediatric patients are at higher risk of
medication errors because of weight-based dosing and
difficulties in communicating with care providers [2]. Among
all pediatric patients, neonates are the most vulnerable to
medication errors because of their small body mass and
extensive exposure to multiple medications in the neonatal ward
or neonatal intensive care unit (NICU) [3]. Neonatal patients
have special requirements, and during hospitalization, their
weight and renal function may change frequently [4]. These
changes demand frequent adjustment of prescription and
administration dosages, which increases the risk of medication
errors [5,6]. Dosing errors are the most prevalent type of errors
in neonates, and most of these occur at the time of prescription
[7]. Antibiotics are the most frequently prescribed type of drug
involved in neonatal dosing errors [7,8]. Also reported have
been severe adverse events due to miscalculated doses of
anticonvulsants [9]. Therefore, strategies to prevent dosing
errors of antibiotics and anticonvulsants in neonates should be
prioritized.

In previous studies, computerized physician order entry (CPOE)
with decision support functionalities has reduced dosing errors
of antibiotics among inpatient neonates [10,11]. Despite
promising results, only about 2% to 20% of the hospitals in
high-income countries have successfully implemented CPOE
[12]. Among several barriers to implementation, high
implementation costs, physician resistance, and user frustration
have been found to be the most important [13-15]. In many
hospitals' order entry systems, nurses or other nonphysician
health personnel enter medical orders into the computer [16].
Even in hospitals that have successfully implemented strictly
physician order entry (POE), some orders are entered by the
nurses [17]. Some investigations have shown that nurses often
have more positive attitudes toward computerized systems than
physicians [18]. Therefore, the involvement of nurses in the
order entry process may increase the rate of success and reduce
physicians' resistance [16,17]. In a number of recent studies,
researchers have defined CPOE as computerized provider order
entry that includes participation by credentialed nurses [19].

The successful implementation of POE becomes even more
complicated in middle- and low-income countries with economic
and human resource constraints [20]. One such country is the
Islamic republic of Iran, a country in the Middle East with a
population of 70 million as of 2006 [20,21]. Iran is cooperating
with the World Health Organization to extend the use of
information technology and evidence-based decision making
in the health sector [22].

Studies performed in Iran demonstrate that medication dosing
errors and adverse drug events (ADE) are significant problems
for the Iranian healthcare system [23,24]. In almost all Iranian

hospitals that have implemented electronic medical record
systems, nurses or professional operators enter medical
information into the computer. Physicians do not interact with
the system at all, or their interaction is limited [20].

In 2007, a POE system was implemented in the neonatal ward
of an Iranian teaching hospital. The aim of this project was to
investigate whether the implementation of the system reduced
medication errors and to investigate transferability of the system
to other wards of this hospital as well as to other teaching
hospitals in Iran [20]. The introduction of the system was found
to reduce medication errors of antibiotics and anticonvulsants
[25]. However, the busy residents were reluctant to enter all
prescribed orders into the computer. After several interview
sessions with attending physicians, residents, and nurses, a new
implementation model was introduced to address this challenge.

In the new order entry model, nurses entered the orders into the
computer, and the resident physicians verified the correctness
of the orders and countersigned them electronically. Despite
the successful implementation of this method, its effectiveness
in reducing medication errors still needed to be examined.

The aim of this study was thus to determine whether the new
collaborative order entry method was as effective as the strictly
physician order entry method in reducing nonintercepted dose
and frequency medication errors of antibiotics and
anticonvulsants.

Methods

Setting
The study was conducted in the neonatal ward of a 400-bed
tertiary care referral teaching hospital (Besat) in the capital city
of Hamadan that provides a variety of clinical services.
Hamadan is a province in the northwest of Iran with almost
1,700,000 inhabitants. Besat's neonatal ward is a 17-bed clinical
ward that includes two NICU beds.

System description

Hospital Information System (HIS)
Sayan-HIS (Sayan Rayan Co Ltd, Hamadan, Iran) is a
commercial patient-centered hospital information system (HIS)
that is used in all fifteen university-affiliated hospitals in
Hamadan. It is a client-server application that uses MS-SQL
server 2003 as its database. Users interact with the system in a
local area network and through desktop computers installed at
workstations. The system includes an administrative as well as
a clinical information system. The administrative information
system handles patient billing and the insurance company
interface as well as providing various reports for the financial
controllers and management.
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Clinical Information System
The clinical information system of Sayan-HIS includes an
order-entry based prescription system. When the physician’s
orders are entered into the computer, the prescription system
delivers the requested orders for medications, lab tests, and
imaging to the relevant hospital sections at the appropriate time.
The system limits the selection of drugs and their pharmaceutical
forms (vial, ampoule, tablet, etc) through drop-down lists and
preconstructed orders. The system was functional and routinely
used with all explained features in all wards of the Besat hospital
at the time of this study. The system also includes a rule-based
clinical decision support system that is capable of alerting and
correcting an erroneously prescribed dose or frequency of an
antibiotic or anticonvulsant for neonatal patients.

Clinical Decision Support System (CDSS)
The dose and frequency decision support system was developed
in 2007. The knowledge base was completed for all routine
antibiotics and anticonvulsants by using the local guidelines of

best practice based on pediatric reference books approved by
the National Board of Pediatrics in Iran [26-29]. Prescription
decision criteria were based on each patient’s clinical diagnosis,
age, weight, gestational age, and estimated glomerular filtration
rate (GFR). Three neonatal specialists and one pediatric
nephrologist reviewed and approved the CDSS calculation
methods.

The system displayed warning messages on the prescription
page whenever it detected a dose or frequency medication error
based on the previously mentioned criteria (Figure 1). The
warning supplied the appropriate dose and/or frequency as well
as an explanation as to why the warning had appeared. The
prescriber was then allowed to comply with the warning's
recommended dosage or to ignore it. The responses of the
prescribers to the warnings were recorded by the system in an
error registration table. A detailed description of the CDSS and
its interactions with the prescription system was presented in a
previous paper [25].

Figure 1. A warning message for dose and frequency errors that gives the reason for the warning (Note that the figure shows a translated mockup)

Inclusion criteria and study population
The study population consisted of neonatal patients who were
prescribed antibiotics for infectious diseases or anticonvulsants
for seizure and who received at least one dose of these drugs.
All orders for antibiotics and anticonvulsants for these patients
were included.

Definition of medication errors
Normal ranges of doses and frequencies of the selected
medications were calculated based on the published references
cited above [26-29]. Medication errors for the purpose of this
study were defined as overdoses or underdoses or curtailed or
prolonged intervals.

In this study, we focused on both prescription and transcription
errors but not on administration errors. A prescription error was
defined as an error that occurred during the prescription stage.

The prescription stage included errors in orders written initially
on paper or directly entered into the computer by providers, or
when a dose should have been changed but the prescriber
ignored the computer warning or neglected to correct the
prescription. The latter case mostly occurred when a dose
decision criteria (age group, weight, GFR, etc) was changed
during the hospitalization period.

A transcription error was defined as an error that occurred after
the prescription stage. This type of error could have happened
when information was transferred from handwritten orders to
the computer or vice versa. This type of error could also have
happened during registration of the doses in the paper-based
medication administration chart or in the paper-based Kardex
kept at the nurses’ station that contains each patient’s scheduled
medications. A medication order with errors in both the
prescription and the transcription stage was considered a
prescription error.
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Medication errors that did not reach patients were categorized
as intercepted errors, and medication errors that reached patients
were categorized as nonintercepted errors. Interception of
medication errors could have occurred during two different
phases in the prescription process. The first phase was when
the physician prescribed an erroneous dosage but the CDSS
corrected the error following a warning with which the physician
complied. The second phase was when an erroneous dosage
was detected and corrected by the nurse or physician before the
medication was administered to the patient.

Nonintercepted medication errors could have occurred during
the prescription phase or during the transcription phase. Such
errors could have happened if the prescriber registered
medications erroneously into the paper-based order or directly
into the computer or if the paper-based order was erroneously
transcribed into the system or Kardex by the nurse.

Data collection and review process
This study was a prospective study. Physicians' responses to
the warnings were stored in a table together with both the
erroneous and the corrected doses and frequencies. Therefore,
it was possible to detect prescriptions that were initially incorrect
but were intercepted by the warnings. In addition, one of the
authors (AK) reviewed all relevant paper-based medical
documents and electronic patient records. This included
handwritten orders during the NOE period, electronic orders of
both periods, and paper-based and electronic medication
administration charts of both periods (Table 1).

Electronic orders and the electronic medication administration
chart were tabulated automatically in the system's database
during each period. However, data collection of the paper-based
medication administration chart during both periods and the
paper-based orders during the NOE period was performed after
the NOE period (Figure 2). Analyses were performed after the
completion of each period.

By triangulating different sources of data we could detect those
medications that were prescribed erroneously and were not
intercepted by the warnings, but were intercepted by physicians
or nurses before the medications were administered to the
neonates. In these cases, the electronic orders were registered
with erroneous doses, but the paper-based medication
administration charts were registered with the correct doses.

As well, medications that were prescribed erroneously and also
registered in paper-based medication administration charts with

erroneous doses were considered nonintercepted prescription
errors. Medications that were prescribed with correct dosages
but were registered in the paper-based medication administration
chart with erroneous doses or frequencies were considered
nonintercepted transcription errors. This last type of error could
have occurred because of frequent transcriptions between
paper-based and electronic orders, orders and the nursing
Kardex, or the Kardex and paper-based medication
administration charts.

Measuring medication errors
The rate of nonintercepted medication errors was calculated
using the following four measures.

Patient-day was defined as one day of hospitalization for a
patient who received medication therapy during the day. If all
medications in all prescribed orders on the same day were
correct, that day was as one correct patient-day, otherwise it
was counted as an erroneous patient-day.

Medication-day was defined as a medication that was prescribed
and continued for a patient on the same day. If all prescribed
orders of a medication on the same day were correct, it was
counted as one correct medication-day, otherwise it was counted
as an erroneous medication-day.

Order was defined as a collection of prescribed medications,
lab tests, imaging, and so on written by a physician for a patient
during or after a visit to the patient’s bedside. If all prescribed
medications in the same order were correct, it was counted as
one correct order, otherwise it was counted as an erroneous
order.

Ordered medication was defined as a medication prescribed in
an order. If the prescribed medication was correct, it was
counted as one correct ordered medication, otherwise it was
counted as an erroneous ordered medication.

Study periods and their characteristics
This study was designed to compare two medication order entry
methods each of which was studied over a 2-month periods.
During period 1, or POE, physician order entry was followed
by nurse verification and countersignature; during period 2, or
NOE, nurse order entry was followed by physician verification
and countersignature. The study was conducted between
December 2007 and September 2008 (Table 1).
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Table 1. Computerized order entry periods at the neonatal ward of the Besat hospital

Period 2: Jul - Sep 2008Period 1: Dec 2007 - Feb 2008

NOEbPOEaIntervention

NursesResident physiciansOrder entry

Resident physiciansNursesVerification and

countersignature

WarningsWarningsCDSSc functionality

CountersignatureOrder entryWhen warnings displayed

HWOe+E-PrintsdE-PrintsdDocumentation

HWOe+EOf+PBMACg+EMACh+ERTiEOf+PBMACg+EMACh+ERTiReview process

a Physician order entry
b Nurse order entry
c Clinical decision support system
d Electronic prints of prescriptions
e Handwritten orders
f Electronic orders
g Paper-based medication administration chart
h Electronic medication administration chart
i Error registration table

Period 1: Physician Order Entry Followed by Nurse
Verification and Countersignature (POE)
During period 1, resident physicians entered all prescription
orders directly into the computer and paper-based orders were
eliminated (Figure 3). To reduce possible data entry errors, a
nurse verified and countersigned each electronic order that
physicians had entered into the computer. This verification was
designed to reduce the likelihood of making typographical errors
or of selecting incorrect drugs from the drop-down menus. A
further design consideration was to remind physicians about
obvious dosing errors of those medications that were not
included in the knowledge base (ie, drug groups other than
antibiotics and anticonvulsants) and consequently warnings
could not help to prevent them. Because Iranian law does not
permit electronic signatures, each electronic order was printed
and saved in the patient's medical file after it was countersigned
[30] (Table 1).

Also in this period, each prescription line was assessed by the
decision support system as it was prescribed by the resident
physician. When a resident had ignored a warning, the ignored
warning appeared each time the resident renewed the order with
the same erroneous dose and frequency, or when the resident
prescribed a new dosage that was also erroneous (Figure 2).

The design, programming, and testing of the decision support
system for the POE method started in February 2007 (Figure
2). During this period, the functionality of the CDSS was
gradually developed [25]. During period 1 of the current study,
the frequency and format of the displayed warnings had been

optimized, and these remained unchanged in period 2. Therefore,
this period of POE was selected to be compared with NOE.

Period 2: Nurse Order Entry Followed by Physician
Verification and Countersignature (NOE)
During period 2, the care providers of period 1 switched their
roles in order entry and countersignature, vis-à-vis (Table 1 and
Figure 3). Resident physicians wrote the initial orders on the
prescription papers and delivered them to the nurses who
subsequently entered them into the computer. The residents
then verified and countersigned the orders electronically.
Warnings appeared only at the time of physicians’
countersignatures. Therefore, in this new model, warnings
appeared to the residents but not to the nurses (Figure 3). This
strategy was adopted because in a previous study of CPOE in
Iran, physicians were reluctant to let their errors be disclosed
to nurses and wished to receive the warnings themselves [20].
However, after the implementation of POE, the residents started
to resist performing the order entry because they perceived it
to be very time consuming. However, they still wanted to receive
the warnings themselves without allowing the nurses to see
them. The new model was designed in close collaboration with
the involved physicians and nurses to address this issue.

After the physician's verification and countersignature, the
electronic prescription was printed, and if a warning had been
complied with that led to a change of dose or frequency, both
the nursing Kardex and the patient file were updated (Figure
3). In period 2, both electronic prints and handwritten
prescription papers were saved in the patient's file.
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Figure 2. Development, implementation, and evaluation of clinical decision support system (CDSS), physician order entry (POE), and nurse order
entry followed by physician confirmation (NOE) in the neonatal ward of the Besat hospital
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Figure 3. Medication prescription and administration workflows during the POE and NOE periods in the neonatal ward of the Besat hospital

Statistics
Descriptive statistical analysis was used to determine medians
for continuous variables and percentages for categorical

variables. The median and the 25th and 75th percentiles of
medication errors and the medians of age at admission,
gestational age, and length of hospital stay were computed.
Chi-square tests were performed for nonordinal categorical
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variables. For continuous variables, the nonparametric
Mann-Whitney tests were employed to determine differences
in the median error rates between the POE and NOE periods
when there was remarkable deviation from normality. Rates of
errors were reported pertaining to orders, ordered medications,
medication days, and patient days. Error rate differences
between the POE and NOE periods were calculated as d =
absolute value of the error rate during the POE period minus
the error rate during the NOE period. Rate ratio (RR) was
defined as the rate of errors during the NOE period divided by
the rate of errors during the POE period. RR < 1 indicates that
NOE has a "protective effect," and RR > 1 demonstrates that
NOE has an "incremental effect" for medication errors.
Confidence intervals for the ratios were determined under the
assumption that the number of events per 100 patient-days
followed a Poisson distribution. Miettinen’s test-based
approximation was used to calculate the confidence interval for
the rate ratios. The level of statistical significance was specified
at 0.05. Statistical analyses were performed using SPSS version

17 (SPSS Inc, Chicago, IL, USA). EPI Info version 6.0 (Centers
for Disease Control and Prevention, Atlanta, GA, USA) was
used to calculate chi-square for trend Mantel extension test [31]
to examine an increasing or decreasing linear trend in the
severity of overdose errors during the NOE period compared
with the POE period.

Ethical considerations
The National Ethical Committee of the Ministry of Health and
Medical Education in Iran granted permission for this study in
2005. All physicians and nurses who participated volunteered
to take part in the study, and a verbal informed consent was
obtained and tape recorded.

Results

A total of 158 neonates were included in this study (Table 2).
No significant differences were observed in the distribution of
sex, age at admission, or gestational age of these neonates
between the POE and NOE periods.

Table 2. Distribution of the characteristics of patients included in the study, numbers of orders, and numbers of medications in the two study periods,
POE and NOE

NOEPOE

8969Patients

41/4835/34Male/female

57Median age at admission (days)

3838Median gestational age (weeks)

978972Orders

22972357Ordered medicationsa

648601Patient daysb

14921466Medication days c

6.79.1Median length of hospital stay (days)

a A prescribed medication in an order is one ordered medication
bThe number of days that patients received antibiotics or anticonvulsants
cThe number of days that included medications were continued for patients

Medication errors were reduced to an equal extent during both
the POE and NOE periods (Table 3). However, as the rate of
errors that were intercepted by the warnings increased from
4.5% in the POE period to 8.1% in the NOE period (rate ratio
1.80, 95% confidence interval [CI] 1.43, 2.27; P < .001), the
rate of nonintercepted errors dropped from 12.8% to 7.6%
respectively (rate ratio 0.60, 95% CI 0.50, 0.71; P < .001). Most

of the intercepted errors were caught by the warnings at the
prescription stage; only a few errors were subsequently detected
and intercepted by nurses or physicians before they were
administered to the patients. The number of errors that were
intercepted by the care providers was not significantly different
between the two periods.

J Med Internet Res 2010 | vol. 12 | iss. 1 |e5 | p.98http://www.jmir.org/2010/1/e5/
(page number not for citation purposes)

Kazemi et alJOURNAL OF MEDICAL INTERNET RESEARCH

XSL•FO
RenderX

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


Table 3. Intercepted and nonintercepted medication errors and their rate ratio in the POE and NOE periods

RRb (95% CIc)NOE (na=2297)POE (na=2357)Type of medication error

1.80 (1.43, 2.27)e186 (8.1)106 (4.5)dIntercepted by the warnings

0.94 (0.42, 2.13)11 (0.5)12 (0.5)Intercepted by care providersf

0.60 (0.50, 0.71)e175 (7.6)301 (12.8)Nonintercepted

0.91 (0.8, 1.03)372 (16.2)419 (17.8)Total

a n = number of ordered medications
b Rate ratio
c Confidence interval
d Numbers in parentheses are percentages of errors calculated as [(number of errors)/ n] * 100
eP < .001
f Includes errors intercepted by nurses or physicians after the prescription stage and before the administration

Table 4 depicts different measurement units employed to
calculate the rate and rate ratios of nonintercepted medication
errors following the implementation of NOE in contrast to POE
period. All measurements showed a highly significant reduction
of medication errors from the POE period to the NOE period.
However, the highest rate difference (9.5%) was seen when
calculated according to patient days (rate ratio 0.61; 95% CI
0.49, 0.77; P < .001), and the lowest (5.2%) when using the
ordered medications method (rate ratio 0.60; 95% CI 0.50, 0.71;

P < .001). NOE showed a greater reduction effect on medication
errors in all four calculation methods.

The median nonintercepted error per patient decreased from 2
(25th percentile = 0 and 75th percentile = 5) in the POE period
to 0 (25th percentile = 0 and 75th percentile = 2) in the NOE
period (P = .005). In the POE period, about 38% (26/69) of the
patients did not experience any dosing errors, while in the NOE
period, about 53% (47/89) of them were error-free (the rate
difference was 15%).

Table 4. Rates and rate ratios of nonintercepted medication errors in POE and NOE using different measurements

RRb (95% CIc)NOE Errors/n (%)aPOE Errors/n (%)aMeasurement unit

0.64 (0.53, 0.77)d142/978 (14.5)221/972 (22.7)Orders

0.60 (0.50, 0.71)d175/2297 (7.6)301/2357 (12.8)Ordered

medications

0.60 (0.49, 0.74)d129/1492 (8.6)211/1466 (14.4)Medication-days

0.61 (0.49, 0.77)d97/648 (15.0)147/601 (24.5)Patient-days

a errors is the number of errors per measurement unit; n is the number of measurement units (see Table 2); the number in parentheses is percentage of
errors calculated as [(number of errors)/ n] * 100
b Rate ratio
cConfidence interval
dP < .001

We divided nonintercepted medication errors into overdose,
underdose, curtailed interval, and prolonged interval. We found
that all subtypes of errors except overdose errors decreased
significantly from the POE to the NOE period (P = .002 for
underdose, and P < .001 for curtailed and prolonged interval
errors) (Figure 4). The rate of overdose errors remained
unchanged. However, there was a linear decreasing trend in
severity of the overdose errors in the NOE period compared

with the POE period (chi square for trend = 5.2; P = .02). The
maximum registered overdose was less than 250% of the normal
dose in the NOE period and less than 300% in the POE period.
Two-fold or greater dosing errors occurred in about 25% (16/65)
of overdosed medications in the POE period, while this occurred
only in about 7% (5/67) of overdosed medications in the NOE
period (P = .007).
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Figure 4. Subtypes of nonintercepted dose and frequency medication errors

The rate of prescription errors decreased significantly from
10.3% in the POE period to 4.6% in the NOE period (rate ratio
0.45; 95% CI 0.36, 0.56; P < .001) (Table 5). Meanwhile,
transcription errors showed a slight increase from 2.5% in the
POE period to 3% in the NOE period. However, in both the

POE and NOE periods, the majority of nonintercepted errors
occurred in the prescription phase (80% in the POE and 60%
in the NOE period). Therefore, the overall rate of errors also
decreased from the POE period to the NOE period (rate ratio
0.60; 95% CI 0.50, 0.71; P < .001).

Table 5. Nonintercepted prescription and transcription errors in the ordered medications of POE and NOE and their rate ratio

RRb (95% CIc)NOE (na = 2297)POE (na = 2357)Error type

0.45 (0.36, 0.56)e106 (4.6)242 (10.3)dPrescription errors

1.20 (0.85, 1.69)69 (3.0)59 (2.5)Transcription errors

0.60 (0.50, 0.71)e175 (7.6)301 (12.8)Total

a n = number of ordered medications
b Rate ratio
cConfidence interval
dNumbers in parentheses are percentages of errors calculated as [(number of errors)/ n] * 100
eP < .001

Many prescription errors occurred because the prescriber set an
erroneous dose at the time of prescription. Other errors occurred
when one or more of the dose decision criteria (age, weight,
GFR, etc) had changed since the last prescription but the
prescriber did not change the prescribed order and repeated the
previously ordered dose and frequency (Table 6). In the NOE
period, many transcription errors occurred when the electronic
order was updated following a warning with which the prescriber
had been complied, but the paper-based order was not updated
or was updated with a different dose or frequency. This type of

error did not happen in the POE period since the handwritten
orders were eliminated in this period. The number of errors that
occurred following incorrect registration of the paper-based
medication administration chart although the electronic
medication administration chart was correct, did not significantly
differ between the POE and NOE periods. The rate of errors
that occurred because the prescriber neglected to update the
paper-based Kardex was approximately the same during the
NOE and POE periods.
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The total number of warnings was 312 in the POE period and
339 in the NOE period. The number of warnings with which
the prescribers complied increased significantly from 44%

(136/312) in the POE period to 68% (232/339) in the NOE
period (P < .001).

Table 6. Distribution of nonintercepted medication errors at different registration steps of the POE and NOE periods

RRc (95% CId)NOE

(nb=2297)

POE

(nb=2357)

P/TaReasons for dose and frequency errors

0.44 (0.34, 0.58)f70 (3.0)163 (6.9)ePOrdered dosage was initially incorrect

0.47 (0.32, 0.69)f36 (1.5)79 (3.4)POrder continued with the previous

dose despite the change in dosing

criteria

N/Af22 (1.0)0 (0.0)TPB-order inconsistent with E-order

0.56 (0.28, 1.09)13 (0.6)24 (1.0)TPBMAC inconsistent with EMACg

1.00 (0.62, 1.59)34 (1.5)35 (1.5)TPrescribed order changed but still the

previous dose administered (Kardex

was not updated)

0.60 (0.50, 0.71)f175 (7.6)301 (12.8)Total

a P/T: prescription or transcription error
b n = number of ordered medications
c Rate ratio
d Confidence interval
eNumbers in parentheses are percentages of errors calculated as [(number of errors)/ n] * 100
fP < .001
gPBMAC, paper-based medication administration chart; EMAC, electronic medication administration chart

Discussion

Previous studies have highlighted a low compliance with POE
and a high resistance to acceptance of it among physicians, as
well as the failure of POE systems in developed countries
[12-14,32]. The initial intention of this study was to investigate
whether NOE as an alternative order entry method was at least
as effective as POE in reducing medication dosing errors.
Surprisingly, we observed that the overall rate of nonintercepted
dose and frequency medication errors was in fact lower under
NOE than POE.

One reason for the lower error rate is that the prescribers
complied with a higher rate of warnings in the NOE than in the
POE period. The result was a significant reduction in the rate
of nonintercepted prescription errors. Other studies have also
reported that decision support systems can reduce prescription
errors if prescribers comply with the system's recommendations
[33,34]. Since in the POE period a majority of the
nonintercepted errors occurred in the prescription stage,
reduction of prescription errors resulted in an overall reduction
of nonintercepted errors. Previous studies in the pediatrics and
neonatal settings show that a majority of errors occur in the
prescription stage [7].

In addition, most of the errors that were not intercepted by the
warnings in the prescription stage reached the patients. Only a
few of these errors were caught by the care providers. This
reveals the importance of the dose decision support system and
prescribers' compliance with the system's recommendations in

this context. In developed countries, in addition to decision
support systems, clinical pharmacists in many hospitals interact
with care providers and supervise the preparation and
administration of medications. In many cases, the pharmacy
department is responsible for preparing ready-to-administer
doses. The results of two studies, one in the United States and
one in the United Kingdom, demonstrated a 66% to 80%
reduction of medication errors following the active involvement
of a senior clinical pharmacist in the clinical rounds [35,36].
However, in most hospitals in Iran, pharmacists and clinical
pharmacologists do not participate in clinical rounds. The
pharmacy does not prepare ready-to-administer doses; nurses
in the wards are responsible for these. In Iranian hospitals, many
responsibilities are left to the nurses. This is mostly because a
very hierarchical system exists in these hospitals [20]. Hospital
managers often assign to nurses, who are at the bottom of this
hierarchy, tasks that physicians or pharmacists object to
performing [20]. Medical data entry is one of these tasks. In
Iranian hospitals, there are few legal or administrative incentives
for physicians to enter medical data into electronic systems
[20,37]. Therefore, strategies such as NOE, which require less
physician time, may increase physicians’compliance and result
in a more sustainable implementation of computerized provider
order entry systems.

In addition, there are several other possible explanations for
increased compliance in the NOE period. One explanation is
that in the strictly physician order entry period, resident
physicians were more likely to have focused on data entry than
on the warnings. They may have ignored the warnings
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unintentionally because of frustration and stress following a
prolonged data entry session. A previous study showed that it
is difficult to successfully implement systems that physicians
consider to be time consuming [14]. The authors stated that
prolonged data entry and user frustration were important causes
of the failure of CPOE in their study [14]. However, in the nurse
order entry method, physicians needed only to focus on
prescription errors and warnings. This could have increased
their attention to the displayed warnings and resulted in better
compliance. It is also possible that the new collaborative
environment in the NOE period created a better understanding
of the advantages of the CDSS and resulted in better physician
compliance with the system's recommendations. Today, more
and more hospitals in western countries are attempting to
redefine traditional borders between doctors and nurses by
creating closer collaboration between them in all clinical
activities [38,39]. In countries like Iran, where a hierarchical
and physician-centered atmosphere exists in clinical settings
[20], for CPOE systems to be successful, it is important that
managers and policy makers create a collaborative and
patient-centered climate.

Another possible explanation for higher compliance in the NOE
period, is that NOE was designed in close collaboration with
care providers and reflected their opinions. Therefore, care
providers were more compliant with the new order entry method.
As other studies have emphasized, care providers’ acceptance
and their collaboration in the development process are key
factors in successful implementation of computerized order
entry systems [17].

In addition, the reduction in medication errors can also be
attributed to the fact that prescription orders may have been
double-checked by the prescribing physicians in the NOE period.
In the NOE model, prescribers had to check transcribed orders
before signing them. This provided them with the possibility
of double-checking what they had already prescribed before
they received any warnings. This double-checking, independent
of CDSS warnings, can also explain the observed reduction in
prescription error rates in the NOE period.

In our study, the increase of transcription errors from the POE
to the NOE period was small. Considering the workflow of the
two order entry methods (Figure 3), NOE seems to be more
complex than POE. Therefore, the rate of transcription errors
should be higher in the NOE model than the POE model.
However, since Iranian law prevents elimination of paper-based
medical records [30], any medical order entry system, even
POE, includes redundant recordings and documentation.
Therefore, in such a context, POE has no apparent advantage
over NOE in terms of transcription errors. In the United States
and some European countries, where computerized order entry
has reduced paperwork, POE has become a powerful tool to
prevent transcription errors [33,40-42].

In our study, despite the nonsignificant difference in the overall
rate of transcription errors between the POE and NOE periods,
there are certain types of these errors that could be eliminated
by POE. When a physician directly prescribes into the computer
and prints the order, there can be no discrepancy between the
electronic and paper-based order. In contrast, when using NOE,

a physician must write a paper-based order and sign it for the
nurse so that the nurse can enter the order into the computer.
Since this paper-based order is a legal document, when a
warning has been accepted, the resident must also update the
paper-based order; negligence may result in nonintercepted
transcription errors as in our study. Other types of transcription
errors were not significantly different between the POE and
NOE periods because after the prescription stage, the
transcription and administration flows are the same in both
systems.

In order to reduce transcription errors in Iran, prescription
workflow should be simplified, and paper work should be
limited. These strategies can save time, reduce costs, and may
directly affect care providers' satisfaction resulting in higher
acceptance. In Iran, many care providers complain that
paperwork has dominated clinical care and that computerized
systems have created many redundant registrations and
documentation [20]. However, adapting Iranian law to demands
from the digitized world is a challenge.

Methodological considerations
In this study, we calculated the number of nonintercepted
medication errors using four measurement methods. Previous
studies have used one or more of these measurement methods
to report medication errors [43,44]. However, the calculation
method affects the error rate considerably. For example, in our
study, medication error rates reported per patient-day were twice
the error rates reported per ordered medication. The reason is
that in the patient-day method, several medications in several
orders on the same day were counted as one unit. Therefore, if
even one of these medications was erroneous, that patient-day
was counted as erroneous. In the medication-day method,
medications were analyzed separately, but a medication that
was repeated in several orders on the same day was counted as
one medication-day. If a medication was erroneous in one of
these orders, then that medication-day was counted as erroneous.
Reporting errors per order solved the problem of putting several
orders in the same package; however, simultaneously prescribed
medications in an order became one unit of analysis. Therefore,
if one of these medications was erroneous, then that order was
considered erroneous. In the ordered-medication method, each
medication in each order was the unit of analysis. Therefore,
an erroneous medication in one order did not adversely affect
the other ordered medications.

In addition to the error calculation method, the data collection
method and review process can affect the error rate [43]. Studies
such as Simpson et al [36] that are based on critical or
spontaneous reports can detect only a fraction of medication
errors [44]. The reason is that these methods are heavily
dependent on the individuals and their willingness to share their
errors. In hospitals where staff members are afraid of
punishment, there will be a lower tendency to openly report
critical errors. In the study by Simpson et al [36], the error rate
before the educational intervention by a pharmacist was 24.1
per 1000 neonatal days and after the intervention was 5.1 per
1000 neonatal days.

Chart reviews, especially when they are coupled with voluntary
reports as in the study conducted by Kaushal et al [7], can detect
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a higher proportion of prescription errors; the error rate in this
study was 5.5 per 100 orders. Direct observation is appropriate
for detecting administration errors [44], although it is prone to
biases such as the Hawthorne effect [45]. Furthermore, studies
like Cordero et al [10] that have reviewed handwritten and
electronic medical records have detected a higher rate of
medication errors. Such studies have reported the error rate to
be as high as 13 per 100 orders.

In our investigation, we reviewed both the handwritten and
electronic medical records of orders and nursing charts in both
periods. We found the rate of nonintercepted errors to have been
22.7 and 14.5 per 100 orders in the POE and NOE periods
respectively. The error rate was 245 per 1000 patient-days in
the POE period and 150 per 1000 patient-days in the NOE
period.

In summary, methods for calculating and reporting medication
errors in neonatal settings are diverse and the results difficult
to compare. However, based on all four calculation methods,
NOE resulted in a lower rate of nonintercepted dose and
frequency medication errors than POE.

Limitations
This study has a number of limitations. The study was performed
in a neonatal setting; therefore, the results may not be
generalizable to adults. We selected to study prescribing for the
patient group at two points in time because we could not divide
patients into two groups—a study group and a control group—in
the neonatal ward. Implementation of different medical order
entry systems poses a systemic change of the prescription flow
in the ward. Moreover, we could not form a control group from
another ward of the hospital since the guidelines and dose
calculation criteria were very different between the neonatal
and other wards.

Since the residents were still in training, their knowledge would
be expected to increase over time. This can be a competing
explanation of the findings, though previous studies have
reported that dose calculation skill among pediatric residents is
not related to their experience, grade, level of training, or
commitment to recheck their calculated doses [46,47].

Additionally, the care providers knew that they were being
studied. Therefore, they might have improved their performance
during the study period, which could have led to the Hawthorne

effect [45]. This could have affected the results in several ways.
Residents knew that one of the purposes of the project was to
find the appropriate medical order entry method and to extend
this to the other wards of the hospital. It is possible that residents
performed better in the NOE period to convince the hospital
and university authorities to continue this method and not to
return to POE. An opposite attempt by the nurses could also
explain the high rate of transcription errors in the NOE period.
However, the researchers could not find any evidence of such
attempts.

Although the functionality of the decision support system was
the same in the two periods, the residents’ trust in the decision
support system’s functionality might also have increased over
time. This could have led to a higher compliance among the
prescribers in the NOE period and could have resulted in better
prevention of medication errors in this period. An increase in
trust could have happened because of positive experiences of
prescribers or other care providers with the system over time
and the sharing of those experiences with the others. It could
also have happened because of a gradual increase in attention
to patient safety among caregivers. However, the influence of
these factors would be expected following positive experiences
with decision support systems.

Conclusions
Since physicians' interaction with a dose decision support system
is crucial in reducing medication errors, when physicians are
resistant to entering orders into the computer and nurses are
cooperative and capable of doing so, nurses can perform the
order entry with physicians addressing the warnings. This
strategy may significantly reduce physicians' resistance and
increase their compliance with the system's recommendations.
The new order entry method (NOE) can reduce nonintercepted
medication dosing errors and increase safety among neonates
as effectively as, or even better than, a strictly physician order
entry method. However, NOE can increase transcription
activities and paper work and add to the complexity of the
prescription workflow. An ideal model should reduce physician's
data entry workload without increasing the complexity.
However, in countries like Iran, where elimination of
paper-based medical documentation is not legally possible, POE
has no significant advantage over NOE in reducing transcription
errors. Therefore, in such settings, NOE could be considered to
be a beneficial alternative order entry method.
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Abbreviations
ADE: adverse drug events
CDSS: clinical decision support system
CPOE: computerized physician order entry
EMAC: electronic medication administration chart
EO: electronic order
ERT: error registration table
GFR: glomerular filtration rate
HIS: hospital information system
HWO: handwritten order
NICU: neonatal intensive care unit
NOE: nurse order entry (followed by physician's verification and countersignature)
PBMAC: paper-based medication administration chart
POE: physician order entry
RR: rate ratio
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