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Abstract

A study published today in PLoS Biology provides robust evidence that open-access articles are more immediately recognized
and cited than non-OA articles. This editorial provides some additional follow up data from the most recent analysis of the same
cohort in April 2006, 17 to 21 months after publication. These data suggest that the citation gap between open access and non-open
access papers continues to widen. | conclude with the observation that the “ open access advantage” has at |east three components:
(2) acitation count advantage (as ametric for knowledge uptake within the scientific community), (2) an end user uptake advantage,
and (3) a cross-discipline fertilization advantage. More research is needed, and JIMIR is inviting research on all aspects of open
access. As the advantages for publishing open access from a researchers point of view become increasingly clear, questions
around the sustainability of open accessjournalsremain. Thisjournal isaliving examplethat "lean publishing" models can create
successful open accessjournals. Open source tool swhich have been devel oped by the Public Knowledge Project at the University
of British Columbia with contributions from the Epublishing & Open Access group at the Centre for Global eHealth Innovation
in Toronto are an alternative to hosting journals on commercial open access publisher sites.

(J Med Internet Res 2006;8(2):e8) doi:10.2196/jmir.8.2.e8
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Citation Advantage of Open Access
Articles

PLoS Biology today publishes a study authored by JMIR
founding editor and publisher Gunther Eysenbach on theimpact
of publishing papers as open access articles, concluding that
open access articles have a clear citation advantage over
non—open access articles (see[1] and Multimedia Appendix 1).

The study, already referred to asalandmark study by colleagues,
isthe first publication providing robust evidence for a citation
advantage of articles published “originally” as open access

http://www.jmir.org/2006/2/e8/

RenderX

articles (so-called “gold road” to open access) compared with
articles published in the same journal as non-immediate open
access articles. This kind of comparison became possible
because the journal PNAS (Proceedings of the National Academy
of Sciences), under the visionary leadership of thelate Nicholas
Cozzardlli, started an experiment in mid-2004 offering authors
the option of paying an additional feeto maketheir articlefreely
available immediately after publication. PNAS became one of
the first “hybrid” journals. The resulting mix of open access
and non—open access articles published in PNAS represents an
ideal study cohort. The study published today in PLoS[1] isthe
first of a series of papers that will follow up this cohort over
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severa years, with today’s paper describing the citation behavior
over the early period of up to 16 months after publication,
collecting citation data every 6 months.

Figure 1 and Table 1 are updated versions of the figures
presented in the PLoSBiology article, with the most recent study
point of April 2006 being added (representing afollow-up time

Eysenbach

of up to 21 months after publication). It shows the (unadjusted)
citation advantage of open access articles over nor—open access
articles, with the gap continuing to widen. This citation
advantage remains significant even when adjusted in
multivariate regression models to correct for differences in
article and author characteristics (not shown here, see [1] and
Multimedia Appendix 1 for details).

Table 1. Updated version of Table 2 in the Eysenbach study [1], with the most recent study point April 2006 added, showing unadjusted citation rates

of PNAS articles published in the second half of 2004

Non-Open Access Open Access RR" (95% Cl) P value
(n = 1280) (n=212)
Uncited Articles
December 2004 (%) 1056 (82.5) 170 (80.2) 1.0(1.0-1.1) p= agt
April 2005 (%) 627 (49.0) 78 (36.9) 1.3(1.1-16) - ooit
October 2005 (%) 172 (13.6) 11(5.2) 2.6 (L.4-4.7) p< 001"
April 2006 (%) 70 (5.5) 3(1.42) 39(1.2-12.2) P=.009
% Difference
Mean Number of Citations
December 2004 [median] (SD) 0.7 [0] (2.0) 0.9[0] (2.8) 29 p= 35t
April 2005 [median] (SD) 1.2[1] (2.0) 15[1] (2.5) 25 p= oo2F
October 2005 [median] (SD) 45([3] (4.9) 6.4[4] (10.4) a2 p< 001t
April 2006 [median] (SD) 8.9[7] (8.5) 13.1[9] (20.4) 47 P <.001

“RR = relative risk for non—open access articles not being cited by the time of analysis
TComparing the proportion of uncited articles in the open access group with the proportion of uncited articles in the non—open access group (Fisher's

exact test)

iCompari ng the (ranked) number of citations between the groups (Wilcoxon rank test)
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Figure 1. Citation trend in terms of mean number of citations at different pointsin time (for PNAS publications published in the second half of 2004)
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Claims of an “open access impact advantage” may sound
familiar, as open access “archivangelists’ have talked about
such an advantage for years[2]; however, this previous evidence
is scientifically weak [1,3], comes primarily from the
“self-archiving” (“green road") variant of open access articles,
and has failed to convince open access critics such as Jeffrey
Aronson, chairman of the editorial board of the subscription
journal British Journal of Clinical Pharmacology, who wrote
in the BMJ that “there is no evidence that this [increasing
citations] will happen” [4]. Indeed, previous studieswere mostly
cross-sectional and largely ignored possible confounders (ie,
differences in other characteristics between open access and
non—open access articlesthat may be independently responsible
for citation differences). These previous studies culminated in
less than credible, sweeping conclusions such as “ open access
increases the impact of articles in [subject x] by x%." By
stratifying their observations by subjects, the authors of such
statements implicitly acknowledged that the subject is an
important confounder, but they failed to consider other
confounders, such as the number of authors, which may be
independent predictorsfor citation counts and which may differ
between the groups. Multivariate analysis allows for control of
these factors, that is, determining the influence of open access
statusif al these other factors are held constant.

The other aspect that has been previously ignored is the time
factor (ie, time after publication) as a covariate that determines
the actual strength of the citation advantage. It is unrealistic to
assume that the open access advantage, as measured asthe rate
ratio of new citations per time period (per year or per month),
is the same 1 year, 3 years, 5 years, 20, or 100 years after
publication. Rather, what can be expected is that, after a sharp
increase of the open access advantage shortly after publication,
over time, the citation advantage is likely to diminish. Figure

http://www.jmir.org/2006/2/e8/

RenderX

1 showsthat the rate of new citations (the steepness of the slope)
is still larger in the open access group, even in the April '06
analysis, 17 to 21 months after publication. However, ultimately
both lineswill become parallel, indicating an equal citation rate
in both groups, as PNASarticlesin the nOA group are now also
freely accessible (note that one can not expect the citation rates
to become equal immediately after 6 months, when articlesfrom
both groups are free, as it often takes months or years before a
manuscript gets published and the bibliography of that published
manuscript shows up in the ISl database. Hence, the effect of
authors citing preferentially an open access article in late
2004/early 2005 can still be observed today).

The cohort study published today [1] provides robust evidence
showing the independent effect of publishing an article in an
open access journa, while allowing us to track the citation
behavior over anumber of yearsafter publication. Asdiscussed
in the article [1] and the accompanying editorial [3], the
observed citation advantage has significant policy implications,
but bibliometrics (counting citations) only tells one part of the
story and is only one component of the construct we call open
access advantage.

Beyond Citations

Thetraditional knowledge translation cycle (Figure 2) actually
consists of two separate cycles: (1) the trandation process (in
the upper part of thefigure) that takes place within the scientific
community, mainly through scientific publications, and (2) the
trandlation process of research to the end-user (in thelower part
of the figure) that is facilitated by other mechanisms. This
diagram illustrates the implicit assumption that, traditionally,
knowledge users who are not researchers (policy makers,
consumers, journalists) do not necessarily read scientific
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publications. In our 7 years of experience with this journal
(IMIR), we have received many anecdotal reports from authors
and research users testifying that open access publication can
help to bridge this gap. Policy makers and end-users are much
more likely to “google’ for evidence than to do a formal
literature search [5,6], and even if they come across a
subscription-based scientific paper through Google, they are
unlikely to actually order it. Only if apublication isopen access
will end-users skim and eventually read it, or contact the author,
after they discovered that it isrelevant to the policy (or practical)
guestion at hand. We know that JMIR is used as much by
patients and other nonresearchers (eg, policy makers) asitisby
eHealth researchers, and we know from our authors that they
are often contacted by “atypical” readers (knowledge end-users)
who bumped into their article by pure chance, which they would
never have done had the article been published in a
subscription-based scholarly journal.

Another aspect of the open access advantageisthat open access
may increase the chance for what | call “cross-discipline
fertilization” within the scientific community. | first made this
observation when analyzing the journalsin which IMIR articles
are cited. Other than traditional subscription-based journals
from the health informatics field, JMIR articles are more likely
to be cited in general medical journals or specialist medical
journals (ie, articles are not only cited within the medical
informatics community). In contrast, articles in traditional

Eysenbach

medical informatics journals tend to be cited mainly in other
medical informatics journals, rarely crossing the boundaries of
their narrow discipline. While this may a so have to do with the
broader scope of IMIR, this observation was an early indicator
for the open access cross-discipline fertilization advantage.
Preliminary (yet unpublished) analysis of cited articles from
the PNAS cohort seems to corroborate this observation.

In summary, | conclude that the open access advantage really
has at least three components: (1) a citation count advantage
(as a metric for knowledge uptake within the scientific
community), (2) an end user uptake advantage, and (3) a
cross-disciplinefertilization advantage. In the case of preprints
and self-archiving, one may add a quality advantageto thislist,
as prepublication discussion of articles may lead to quality
improvements [7,8]. All of these advantages are of course the
result of greater visibility within and beyond the scientific
community.

Note that this view differs from how previous researchers have
characterized the open access impact advantage in the context
of self-archiving [2]. The PNAS cohort confirms the citation
count advantage; however, the other aspects of the open access
advantage are more difficult to measure, and further research
into the more qualitative advantages of publishing in an open
accessjournal, namely cross-disciplinefertilization and uptake
by end-users, is needed.

Figure 2. The Knowledge Translation Cycle (Source: Canadian Institutes of Health Research), illustrating (in red) the impact of open access.
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More Research Needed: A Call for
Papers

It is clear that much more rigorous research is required in this
field. One question that arisesfor researchersiswhereto publish
thiskind of research. Traditional scientometricsand information
science journals are all subscription based and only read by a
few specialist researchers. A suitable publication outlet for this
kind of research should of course be open access.

PLoSBiology hasmadeit clear in their editorial that it does not
intend to make PLoSahome for bibliometric studies[3]—even
if they are about open access. So where should researchers send
their best research on open access? Wewould like to offer IMIR
asapeer-reviewed outlet for such research, evenif it transcends
the health sector. After all, the original mission of IMIRwasto
publish research on the impact of the Internet on medical and
scientific communication and information. Open access would
not be possible without the Internet. Thus, we are very interested
in receiving submissions (in particul ar, those with original data)
on the effects and ramifications of open access, and the many
aspects that surround thisissue.

Sustainability

Asthe advantagesfor publishing open accessfrom aresearchers
point of view become increasingly clear, questions around the
sustainability of open accessjournalsremain. Open access giants
such as PLoS or Biomed Central are often mentioned as the
representatives of the open access publishing movement, and

Multimedia Appendix 1
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it is quickly pointed out that the way they operate is not
sustainable. What is often forgotten is that these publishers are
not the only open access publishers (they were not even thefirst
open access publishers - with publishers like BMJ, Medscape,
or JMIR being the true pioneers), and they are certainly not
typical representatives. The majority of open access journals
operate using a lean publishing model, and many of them are
financialy sustainable. This journal is a living example that
lean publishing models can create successful open access
journals. In the light of growing concern and disgruntlement
among editors with commercial open access giants such as
BioMed Central [9], we wish to remind researchers that open
source tools for publishing open access journals are readily
available and have become increasingly sophisticated. The
Epublishing & Open Access group at the Centre for Global
eHealth Innovation, under the technical leadership of MJ
Suhonosand scientific direction of Gunther Eysenbach, has not
only been a user, but also a major contributor to open source
tools such as Open Journal Systems originally developed by
the Public Knowledge Project [10]. Bringing these tools up to
speed in terms of XML publishing compatible with the
NLM-DTD has been a major contribution of the group, which
not only publishes IMIR, but also donates tools, technology,
software, and experience to the scientific community, that is,
to anyone who wants to create a new open access journa (see
http://www.jmir.org/?Start_a new_journal for details). While
we are convinced that open accessis the future, and with all of
our sympathiesfor PLoS and BMC, we also hopethat the future
of open access does not solely rely on aquasi-monopoly of only
two large open access publishers.

Full text of the Eysenbach study [1] [PDFfile, 116 KB - jmir_v8i2e8 appl.pdf ]

Multimedia Appendix 2

Full text of the accompanying editorial [3] [PDF file, 76 KB - jmir_v8i2e8 app2.pdf ]

Multimedia Appendix 3
PL0S Press Release [PDF file, 84 KB - jmir_v8i2e8 app3.pdf ]
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Abstract

Background: AsInternet use grows, health interventions are increasingly being delivered online. Pioneering researchers are
using the networking potential of the Internet, and several of them have evaluated these interventions.

Objective: The objective was to review the reasons why health interventions have been delivered on the Internet and to reflect
on the work of the pioneersin thisfield in order to inform future research.

Methods: We conducted a qualitative systematic review of peer-reviewed evaluations of health interventions delivered to a
known client/patient group using networked features of the Internet. Papers were reviewed for the reasons given for using the
Internet, and these reasons were categorized.

Results: Weincluded studies eval uating 28 interventions plus 9 interventionsthat were evaluated in pilot studies. Theinterventions
were aimed at arange of health conditions. Reasons for Internet delivery included low cost and resource implications due to the
nature of the technology; reducing cost and increasing convenience for users; reduction of health service costs; overcoming
isolation of users; the need for timely information; stigma reduction; and increased user and supplier control of the intervention.
A small number of studies gave the existence of Internet interventions as the only reason for undertaking an evaluation of this
mode of delivery.

Conclusions:  One must remain alert for the unintended effects of Internet delivery of health interventions due to the potential
for reinforcing the problems that the intervention was designed to help. Internet delivery overcomes isolation of time, mobility,
and geography, but it may not be a substitute for face-to-face contact. Future evaluations need to incorporate the evaluation of
cost, not only to the health service but also to users and their social networks. When researchers report the outcomes of
Internet-delivered health care interventions, it is important that they clearly state why they chose to use the Internet, preferably
backing up their decision with theoretical models and expl oratory work. Evaluation of the effectiveness of a health careintervention
delivered by the Internet needs to include comparison with more traditional modes of delivery to answer the following question:
What are the added benefits or disadvantages of Internet use that are particular to this mode of delivery?

(J Med Internet Res 2006;8(2):€10) doi:10.2196/jmir.8.2.e10
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Introduction

The Internet is till a relatively new medium for seeking and
delivering health care, although this use is increasing rapidly
[1,2] and includes health information seeking [ 3], I nternet-based
peer support groups [4], online health consultations [5], and
delivery of health interventions [6]. Some pioneer researchers
have published studies that evaluate health interventions
delivered directly to the users via the Internet for their ability
to improve the health status of their users. In this paper we
review their work, focusing on the reasons why these authors
chose to use the Internet for delivery of a hedth care
intervention. Our aim wasto consolidate the findings from these
early research papers to inform the development of future
research. We include only health interventions in which the
networking provided by the Internet is a component of the
intervention. Thisisto distinguish them from other media such
asprint material, CD-ROM, and video. Wereflect on the drivers
to using the Internet for the delivery of health care. This paper
does not review the outcomes of the interventions.

Methods

Identification of Studies

The initial identification of studies used five sources. three
existing systematic reviews of eHealth interventions [7-9], a
hand search of IMIR (vol 1(1) tovol 8(1)), and our own previous
qualitative review of the literature concerning the Internet and
consumer health information [10]. This latter review involved
collation and identification of relevant literature through
systematic searches of electronic bibliographic databases
covering health and social sciencesliterature (1990 to December
2003, including Medline, HMIC, CINAHL, Sociological
Abstracts, Sociofile, and Web of Science). We used search terms
such as“Internet,” “ electronic mail,” “ computer communication
networks,” and “hedth information,” “communication,” or
“health informatics” Two investigators reviewed the list to
identify potentially relevant articles. We worked in pairs,
reviewing the search results to identify relevant intervention
studies. We did not set out to identify every published eHealth
intervention paper, but aimed to search the mgjority of the
available literature in a systematic way for a meaningful
overview of thefield.

Inclusion and Exclusion Criteria

Inclusion and exclusion criteria were applied to the studies
identified from the three sources described above. Weincluded
only peer-reviewed full research papers. We defined intervention
studies asthe use of information and communication technology
to deliver a specific health intervention to a client or patient
group. The study had to include a health-related outcome as
part of evaluating the intervention, and the intervention had to
include use of the networking provided by the Internet.
Networked features included the use of email to contact a
therapist, the use of chat rooms or bulletin boards by
client/patient groups, or the transfer of personal health datavia
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the Web between a health care site and persona network access
(eg, between a clinic and patient’s home). Studies with no
networked features, such as computer-based decision support
systems delivered from a CD or interventions where there was
no use of the Internet beyond delivery (ie, they could have been
delivered by a CD), were excluded. A further key characteristic
of the Internet is its accessibility via a networked computer
anywhere and anytime. Hence, we excluded studies in which
access to the intervention was provided only in the clinical
setting as use of theintervention isrestricted in place and time.
It is also possible that effectiveness may be influenced by the
clinical setting.

Our review focused on the use of the Internet for delivery of
the interventions and therefore did not include non-Internet
based telemedicine studies. The focus was on specific
interventions for specific health problems, so we excluded
interventionsinvolving the provision of general Internet access
such as home computers, Internet kiosks, or training in use of
the Internet even if the outcomes included health related
measures. We only included interventions in which the
individuals using them were known to the health care
professional or organization delivering the intervention to be
sure that the participants were using their real identity and
responding in a genuine way to the intervention. This cannot
be ensured for a study that recruits participants solely via the
Web, with no direct contact between investigators and
participants. We excluded studies that solely involved the
placing of health information on the Web for public access,
even when there was opportunity for interaction or feedback.

Analysis

When there were several papers concerning the same
intervention (eg, a pilot study followed by a full evaluation),
we grouped these paperstogether and treated them as one study.
For each study, al the reasons given for delivering the health
care intervention on the Internet were listed. These were the
reasons the authors of the papers gave for choosing the Internet
as the mode of delivery, rather than post hoc reasoning given
in the discussion of the study results. We then categorized the
reasons; one study could be categorized in anumber of different
groups. Again, we worked in pairs, comparing results and
resolving any discrepancies through further examination of the
papers and discussion among team members.

Results

Types of Interventions

We found full evaluations of 28 interventions and a further 9
interventions for which only pilot work had been published
(Multimedia Appendix). All the paperswere from Europe, North
America, or Australia. The interventions were aimed at awide
range of conditions, including cancer (3 studies), HIV/AIDS (3
studies), diabetes (3 studies), mental health (1 study), eating
disorders (2 studies), and back pain (1 study). Some targeted
health promotion issues such as smoking cessation (1 study),
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physical activity (1 study), and obesity (3 studies). Other
interventions aimed to support caregivers, for example
caregiversof peoplewith Alzheimer’s disease (3 studies), stroke
patient caregivers (1 study), new or young mothers (2 studies),
and parents of children in intensive care (1 study). One
intervention aimed at supporting rural women with chronic
illness. One study reported the delivery of cognitive behaviour
therapy (CBT) for a number of disorders, including headache,
tinnitus, and panic disorders; two other studies reported CBT
delivery for depression and one for post-traumatic stress
disorder. Three interventions offered education and/or
communication with speciaist nursesfor cardiac patients. Three
interventions were specifically for young people or children:
one for pain self management by children in hospital, one for

Textbox 1. Summary of findings
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those with cystic fibrosis, and one for the management of
encopresis.

Reasonsfor Internet Delivery of Interventions

The reasons cited for using the Internet to deliver health
interventions included the unique advantages of the Internet
technol ogy, reducing cost and increasing convenience for users,
reducing health service costs, reaching isolated or stigmatized
groups, timeliness of access to the Internet, need for user or
supplier control of theintervention, and research-rel ated reasons
(Textbox).

Not al the studies in the early research papers mentioned the
reasons for use of the Internet. Therefore, in the following
analysis, the papers referenced are the papers for which the
reason for Internet use was mentioned.

Reasons for Internet delivery:

« Reducing cost and increasing convenience for users
«  Reduction of health service costs

« Reduction of isolation of users

«  Theneed for timely information

«  Reduction of stigma

o Increased user and supplier control of the intervention

Possible drawbacks of I nternet interventions:

« Potentia for reinforcing the problems the intervention was designed to help

. May overcome isolation of time, mobility, and geography, but may be no substitute for face-to-face contact

Elements of future evaluations:
« Incorporate the cost not just to the health service, but aso to users and their social networks

«  Beadlert to unintended effects of Internet delivery of health interventions, and include a comparison with more traditional modes of delivery

Unique Advantages of the I nternet Technology

There were 13 interventions studied [6,11,16,20,24,32,35,
37,41,45,52,57,60,67,71-73] for which the reason for Internet
use was connected with the nature of the technology: reaching
many peoplewith just one posting, easy storage of large amounts
of information, ease of updating information, providing
personalized feedback, and the possihilities of broadband and
video transmission. Two of these 13 studies [57,16] expressly
valued the Internet for its ability to reach a maximum number
of people at minimum cost. All these studies also give other
reasons for Internet use.

Reducing Cost and Increasing Convenience for Users

Reducing cost and increasing convenience for the user was
given as a reason for delivery over the Internet in 20 of the
interventions studied [20-23,29,32,39,43-48,50,52,53,56-58,
60-63,65,66,75]. These studiestargeted arange of health issues.
Various aspects of increased convenience to the user were
mentioned, including saving the user time, requiring less effort
from the user, being more accessible, and not requiring the user
to attend a particular facility. One US study [43], reporting an
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intervention for women with breast cancer, stated users’ lack
of money for asecond opinion as one of the reasonsfor Internet
delivery. Two studies advocated use of the Internet as it may
reduce the loss of users from their maintenance programs for
obesity [46,47].

Reducing Health Service Costs

By using Internet delivery, 14 of the interventions studied
[11,12,14,15,24,28-30,39,41,42,46,48, 57,58,60,65,67,68,72-75]
aimed to reduce costs to health services or address a lack of
provision. Of these, two studies, one on linking parents with
their low-birth-weight babies in intensive care [41], and the
other on the management of encopresis[60], specified reduction
in health service cost as a reason for Internet use. The cost of
service provision was aso given as a reason by a number of
other studies, but with dlightly different emphases. One study
saw the Internet as a cost-effective way of delivering an
intervention to encourage physical activity in a broad range of
people in many places [58]. Five of the interventions studied
gave alack of health serviceresources astheir reason, two citing
alack of practitionersin CBT [11,12,42] and the others alack
of support for caregivers of those with Alzheimer’s disease
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[24,39] and AIDS [28-30]. All the above studies discussed a
genera lack of these services. None of the studies gave a
specific localized service failure as the reason for Internet
delivery, but two mentioned service failure more generally. One
study [60] gave the lack of physicians trained in the treatment
of encopresis as the reason for Internet delivery, while another
study [67] aimed to reduce barriers to nutrition education due
to general practitioners’ lack of skills and time. The authors of
one other study [48] argued for Internet delivery because patients
with diabetes have been found to have poor control despite
specialist care, and their control may become even worse after
the devolution of diabetes care to primary care services.

In six of the interventions studied, researchers wanted to avoid
the cost to the health service of providing the intervention
face-to-face, including psychological interventions for the
treatment of depression [42], eating disorderg[71-75],0besity
[46-66], lack of physical activity [57,58], and a range of
conditions (headache, tinnitus, panic attacks, and insomnia)
[11-13].The authors of thelatter intervention studied a so argued
that Internet delivery increases access to an otherwise costly
therapy [14,15]. Another study [19] explicitly addressed
inequalities of health care, suggesting that Internet delivery
helped to overcome inequalities of access to health services.

Reaching I solated Groups

Dimensions of isolation were given as reasons for using the
Internet in 13 of the interventions studied [18,19,21,25-30,
33,34,37,43,49,52,53,75]; 5 stated geographical isolation as
their reason. These studies included interventions for rural
women with chronic disease [33] or diabetes [34], an
intervention for women with breast cancer [43], a cognitive
behavioral program for eating disorders [75], an intervention
for people with post-traumatic stress disorder [53], and an
intervention for children with cystic fibrosis [52]. The authors
of the latter study also mentioned the advantage of providing
peer support without the risk of cross infection that can belife
threatening for children with cystic fibrosis.

In other studies, the cause of theisolation was not geographical.
One[28-30] stated theisolation of peopleliving with HIV/AIDS
as a reason for Internet delivery. Severa studies cited the
isolation of caregivers who were unable to easily go out, such
as those living with an Alzheimer’s sufferer [21,25-27] and
young mothers with children at home [37]. The physica
immobility of individuals, including fatigue and disability, was
mentioned in interventions focused on people with HIV/AIDS
[28] or breast cancer [43] and on children with cystic fibrosis
[52].

Several studies mentioned that Internet delivery enabled users
to be in contact with people with similar health issues and so
receive support. Theimplication wasthat thiswould be unlikely
to happen otherwise as the condition wasrare or restricting, for
example, children in pain [49], children with cystic fibrosis
[52], young mothers[37], people living with AIDS [28-30,43],
and people with type 2 diabetes[18,19].

Reaching Stigmatized Groups

The researchers of 11 interventions saw the Internet as a way
of reaching people suffering from conditions that caused them
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to feel embarrassed or stigmatized [18,19,22,24,
28,30,31,37,43,45,46,57,60,73-75]. The anonymity of Internet
delivery was a reason for using the Internet in the following
interventions: an intervention for mental health problems[31],
in which the authors considered stigma to be a problem; an
intervention for people living with type 2 diabetes [18,19], in
which the authors suggested that anonymity prevented people
from being judged on the basis of their appearance; two
interventions to improve the self-care of people living with
AIDS [28,30,45]; an intervention for young women at risk of
eating disorders [73-75]; and a support intervention for young
mothers [37]. Three studies suggested that Internet delivery
avoids embarrassment about the health issue for which the
intervention was used. One of these was for breast cancer [43],
the second referred to embarrassment about failure to lose
weight in an obesity intervention [46], and the third was aimed
at child encopresis [60]. One study of a support system for
caregiversof patientswith Alzheimer’s disease[22,24] and one
study of an intervention to encourage physical activity [57]
suggested that Internet delivery encourages openness of
communication.

The Timeliness of Accessto the Internet

Several interventions[12,21,22,25,28-30,37,43] mentioned the
need for timely information and advice as areason for Internet
delivery, including interventions to support Alzheimer's
caregivers[21,22,25], peoplewith AIDS[28-30], young mothers
[37], those with breast cancer [43], headache sufferers[12], and
an intervention encouraging physica activity [57,58]. The
suggestion wasthat people need information or advice at atime
of crisis, for example, when their child isill or when they are
making a decision such as a change in treatment or their own
behavior. The continuous access provided by the Internet was
seen as helpful in these situations.

User Control of the Intervention

Many authors advocated use of the Internet because users could
take control of the intervention [11,21,32,37,45,48,58,60,
63,67,72,74], tailoring the information they received to their
own needs. This included interventions for Alzheimer's
caregivers[21], thosewith HIV/AIDS[45], aglucose modeling
tool for type 1 diabetes [48], and an intervention promoting
physical activity [58]. Other studies advocated use of the Internet
because users could use theintervention at their own pace. These
included CBT for depression [32] or tinnitus[11], an educational
program for cardiac patients [63], peer support interventions
providing young motherswith support [37] or facilitating weight
loss [67], an intervention for those at risk of eating disorders
[72,74], and an intervention for encopresis[60].

Supplier Control of the Intervention

For some interventions that delivered CBT as a self-help
program, the I nternet was seen asapotentially appropriate mode
of delivery for such a structured, evidence-based intervention
[12-15,32,42,57, 58,66,71-74]. One author stated that Internet
delivery was superior to professional psychologistsin delivering
structured and standardized interventions [42]. However, in
delivering these structured programs, the studies supplemented
the standardized intervention through individualized email

JMed Internet Res 2006 | vol. 8 | iss. 2 [e10 | p.12
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

feedback, tailored information, online peer support, or a
combination of the three.

Research-Related Reasons

Almost all authorsjustified the evaluation of Internet-delivered
interventions by saying that they need evaluating or adapting
for specific populations. Six studies givethisastheir only reason
[38,40,54,55,59,61]. Most studies give examples of successful
Internet-delivered interventions to support their own research.
However, one study gives, as its only reason for
Internet-delivered intervention, that theintervention or asimilar
intervention had been useful in other studies [40]. One study
[54] questions whether face-to-face and online support groups
for those with breast cancer would work together, and givesthis
guestion as the only reason for delivering the intervention via
the Internet.

A few studies did not give a research-related reason for
evaluating an Internet-delivered intervention. These studies
were descriptive accounts of an intervention [33,48,51] or were
evaluating the use of an Internet-delivered intervention that was
in response to a specific health service—related problem [60].

Other Reasons

Thefollowing reasons, alongside others mentioned above, were
also given for delivery of an intervention viathe Internet:

- poor information received by patients from health
professional s [48]

« novelty [57,58]

- attractiveness of the Internet to young people and children
[51]

- online communication as one of the main forms of
communication used by young people [60]

Discussion

We have reviewed many pioneering studies evaluating Internet
use for the delivery of health care interventions and found a
variety of reasons for delivering interventions through the
Internet. All theinterventions have been, or could be, delivered
by other means. For example, support groups for isolated
individual s can use more established means of communication
such as telephones and post, and therapeutic programs can be
delivered face-to-face. The key differences between non-Internet
delivered interventions and those delivered viathe Internet relate
to time and place. For example, Internet support groups enable
quick communication between many isolated individuals, and
Internet-delivered therapeutic interventions can be taken up at
any time and anywhere with Internet access.

Our literature search strategy was designed to systematically
identify the majority of eHealth intervention studies meeting
our inclusion criteria. However, as a qualitative analysis that
amed to explore the motivations for delivering such
interventions online, it was not necessary to undertake an
exhaustive search for every single eHealth study ever published
in any language. This contrasts with the methodology of
guantitative meta-analysis, which requires the identification of
all possible studiesto produce one summary result. We believe
that our qualitative thematic approach met our objective and
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was both rigorous and repeatable. Qualitative methods of
research synthesis are a relatively new area and can be very
valuable in identifying lessons for future work, particularly as
they do not focus solely on the results on previous studies, but
also consider other factors such asthe researchers’ motivations.
Our criteriafor inclusion and exclusion of studiesweredesigned
to maintain the focus of the review on the added value from use
of the Internet. Hence, they took account of the key
characteristics of the Internet, particularly its networking
potential and accessibility. Thus, our criteria differed from
definitions of eHealth, for example, by excluding telemedicine
[76] and general public access[77].

At this early stage of development, researchers should give
careful thought to the reasons for using the Internet for any
particular intervention. We should try to understand the unique
advantages and disadvantages of Internet delivery of health care
and in what circumstances Internet use could contribute most
effectively to improving health. For example, why might
speedier communication and flexibility of location enhancethe
effectiveness of the intervention? Answers may include, for
example, overcoming inequalities of access to health services
or encouraging openness of communication. However, to clarify
the added contribution of Internet delivery over moretraditional
forms of delivery, evaluations should include a direct
comparison between Internet-delivered interventions and those
delivered by the most effective of available conventional means.
Such evaluations will enable us to understand the effect of the
real differences between the interventions. Few studies in our
review undertook such a direct comparison.

Failing to undertake such a direct comparison may result in the
failure to identify and quantify situations where face-to-face
delivery is better than Internet delivery. For example, among
the many studies of structured behavioral programs using
Internet delivery, only one intervention [46,47] compared the
benefits of thisdelivery method with time-intensive face-to-face
therapy, and another compared it with a classroom-based
intervention [70,72]. A systematic review comparing the
effectiveness of Web-based and non-Web-based interventions
[9] included, apart from the above two interventions, no other
trials in which Web-based interventions had been compared to
intensive face-to-face interventions. Undertaking an evaluation
of Internet-delivered intervention without comparison may
inappropriately encourage areduction of the availability of the
effectiveface-to-faceintervention. Thiswould work against the
original motivation of the research to increase access to an
effective intervention.

The design, delivery, and evaluation of an Internet-delivered
intervention also need to consider thefollowing questions: What
may be the unintended harmful consequences of Internet
delivery? What may be the negative effects of speedier
communication and flexibility of location? For example, it is
possible that providing low-cost Internet-based support for
groups that are not currently provided with adequate support,
such as caregivers of those with Alzheimer's disease, may
reinforce the low priority of these groups for health and social
services and thus increase their isolation. Providing an
intervention viathe Internet for individual s living with ahealth
problem they feel is stigmatized could have the unintended
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consequence of the issue being less talked about outside the
anonymity of the Internet and thus reinforcing the stigma (see
Textbox). Although identifying such unintended conseguences
was not an aim of this study, it was notable that we did not
identify any reports of such conseguences in the papers
reviewed.

Evaluations of Internet-delivered interventions should aim to
ensure that they include both the benefits and potential harms
of themode of delivery for all those affected by it. For example,
an economic evaluation should include not only the cost of the
Internet intervention, but also costs to health services, specific
services, users, and their social networks. The studies reviewed
rarely included an evaluation of such indirect costs.

Although the Internet can overcomeisolation of time, mobility,
and geography, it may be a poor substitute for face-to-face
contact with real people. The balance between use of the Internet
and face-to-face contact should be carefully considered in each
circumstance. This applies to structured interventions such as
CBT as well as to more flexible interventions such as
peer-to-peer support. In designing an evaluation, researchers
should be aware that Internet-based contact may be providing
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Author  Year  Ref Coun-  HealthCon- Description of Intervention Networked Features ReasonsGiven by Authors
try dition for Using Internet
Anderss 2004 [11] Sweden Tinnitus CBT for headache, tinnitus, Participants completeon-  Advantage of technology
son Headache panic disorder, insomnia: Iin.eg progresz retr))orts; t.f:er- Cost for health services
Anderss 2003  [12] . 6-module online seif-help pro- apist responds by ema User control of intervention
on Tinnitus gram based on cognitive behav- )
Panic disor.  10rdl therapy with email support Cost for health services
Anders- 2002 [13] der from atrained therapist Supplier control of interven-
son o tion
Carl- 2001 [14] dP:rn'C disor- Timely information/advice
bri
fng Headach Supplier control of interven-
Cal- 2003 [15] ache tion
bring Insomnia Cost for health services
Strom 2000 [16] Supplier control of interven-
tion
Strom 2004 [17] Cost for health services
Supplier control of interven-
tion
Advantage of technology
Research related only
Barrera 2002 [18] United Type2dia D-net: Internet-based self man- Messageboards, chat facil- Reaching isolated groups
States  betes agement program for type 2 dia- ity (peer-to-peer and peer-  Regching stigmatized arou
Glas- 2003 [19] betes with online feedback, pro-  to-professional) 919 groups
gow fessionally moderated but peer- Cost for health services
McKay 2002 [20] directed message board, and ac- Reaching isolated groups
cess to professional coach Reaching stigmatized groups
Advantage of technology
Cost for users
Bass 1998 [21] United  Alzheimer's ComputerLink for Alzheimer’s Message boards, email fa- Cost for users
States  disease caregivers. information, commu-  cility (peer-to-peer and Reaching isolated groups
Brennen 1991 [22] nication, and resource center peer-to-professional) Timel .g f . g / adP
with nurse-led online support imely information/advice
group (message board) with User control of intervention
Brennan 1992  [23] email facility, dECIS!OH support Cost for users
system, encyclopedia, and links oo ]
Brennan 1994  [24] to quality websites Reaching stigmatized groups
Timely information/advice
Brennan 1995  [25] Cost for users
Casper 1995 [26] Advantage of technology
McClenr 1998  [27] Cost for health services
don Reaching stigmatized groups

Reaching isolated groups
Timely information/advice

Reaching isolated groups
Reaching isolated groups
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Author Year Ref Coun- HealthCon- Description of Intervention Networked Features ReasonsGiven by Authors
try dition for Using Internet
Brennan 1991  [28] United HIV/AIDS ComputerLink for peopleliv- Message boards, email fa- Cost for health services
States ing with AIDS: information, cility (peer-to-peer and Reaching isolated aroups
Brennan 1994 [29] communication, and resource peer-to-professional) Reachi 9 . . Sd P
Flatley- 1998  [30] center with nurse-led online sup- eaching stigmatized groups
Brennan port group (message board) with Timely information/advice
email facility, deC|S|_on support Cost for users
system, encyclopedia, and links )
to quality websites Cost for health services
Reaching isolated groups
Timely information/advice
Cost for health services
Reaching isolated groups
Reaching stigmatized groups
Timely information/advice
Chang 2001 [31] United Menta Mental health support for Message boards Reaching stigmatized groups
States  hedlth Asian-American men: online
support group moderated by
Asian-American counselor
Chriss 2002 [32] Aus- Depression  MoodGym: online self-help Participants completeon-  Advantage of technology
tensen traia program based on cognitive be-  line feedback sheets Cost for users
havioral th
Chriss 2004 [6] aviora therepy User control of intervention
tensen Supplier control of interven-
tion
Advantage of technology
Cudney 2000 [33] United Chronicill-  Women to Women: nurse-led  Messageboards, email and Reaching isolated groups
! States  ness online support group for rural chat facility to other peers -
Smith 2001 [34] women with chronicillness; 1 and nurse Reaching isolated groups
subgroup with diabetes only
Delgado 2003  [35] Canada Heart dis- Heart failure Internet communi- Email between patients Advantage of technology
ation tool d health professional
Wu 2005 [36] e caton oo an professonals Research related only
Dun- 1998  [37] Canada Youngmoth- Support for young mothers: Message boards, email fa-  Advantage of technology
ham ers peer-led online support group cility, and teleconferencing  Reachi ng isolated groups
Reaching stigmatized groups
Timely information/ advice
User control of intervention
Feil 2003 [38] United  Smoking Smoking cessation: Web-based Messageboards, email and Research related only
States  cessation structured intervention and sup-  ask-an-expert facility
port program hosted by a para-
professional ex-smoker
Glueck- 2003 [39] United Alzheimer's Support for Alzheimer'scare- Video-linked classes, peer- Cost for users
auf States  disease givers: Web- and phone-based  to-peer chat, and message g for health services
caregiver education and support  boards Reaching isolated
program eaching isolated groups
Gomez 2002 [40] United HIV/AIDS  Sdf-monitoringtool for people Email ask-an-expert func- Research related only
King- with AIDS: Web-based record-  tion based on patient-en-
dom/ ing and feedback systemtoen-  tered data
Spain able self-care at home
Gray 2000 [41] United Low-body- BabyCarelink: educationand Reports/imagesof child,  Advantage of technology
States  weightin-  communication tool for parents  parent- ICU staff commu-  ~qq for health services
fants of children in intensive care nication
Greist 2000 [42] United Depression COPE: Web-based (computer-  Sendsrecordsandemergen-  Cost for health services
States/ enabled interactive voice re- cy signalsto clinician Supplier control of interven-
United sponse system) cognitive behav- tion
King- ioral therapy for depression
dom
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Author Year Ref Coun- HealthCon- Description of Intervention Networked Features ReasonsGiven by Authors
try dition for Using Internet
Gudan 1993  [43] United Breastcan- CHESS: integratedinformation, Facilitated online support  Cost for users
States  cer referral, decision, and social group, ask-the-expert Reaching isolated aroups
Guslsn 2001 [44] support program for womenwith  function Reachi 9 . . Sd P
breast cancer eaching stigmatized groups
Timely information/advice
Cost for users
Guaesn 1999  [45] United HIV/AIDS CHESS: integrated information, Facilitated online support  Advantage of technology
States referral, decision, and social group, ask-the-expert Cost for users
support program for peoplewith  function
AI%OS prog peopiew! Hnct Reaching isolated groups
Reaching stigmatized groups
User control of intervention
Harvey- 2002  [46] United Weightloss Weight loss program: Web- Meetings with video- Cost for users
Berino States based weight maintenance pro-  linked educator, chat room,  cogt for health services
gram following classroom-based message board, email facil- : . .
g:rrivn%/- 2002 [47] weight loss intervention ity Reaching stigmatized groups
Cost for users
Hejlee 2000 [48] Den- Typel DIASNet: Webversion of online  Can bejointly used by pa- Cost for users
sen mark diabetes modeling device used for self-  tientsand hedth professon- ot for health services
management, communication,  as U Lof i .
and education ser control of intervention
Poor info from professionals
Holden 2002 [49] United Paininchil- StarbrightWorld: commercialy Peer-to-peer emails, video Reaching isolated groups
States  dren developed interactive computer  links, chat rooms, bulletin
network for hospitalized children  boards
Hudson 1999  [50] United Youngmoth- Social support for young Email network (peer-to-  Cost for users
States  ers mothers: nurse-led email net-  peer and peer-to-nurse) Reaching isolated groups
work providing health informa-
tion and support
lafusco 2000 [51] Italy Typel Support group for teenagers ~ Chat room Attractive to young people
diabetes with type 1 diabetes: chat room
with weekly meetings moderated
by diabetol ogist
Johnson 2001 [52] United Cysticfibro- Teen Central: online support Moderated message Advantage of technology
States  dis group for teenagers with cystic  boards, free“graffiti wall,”  coq for users
fibrosis email facility -
Reaching isolated groups
Lange 2003 [53] Nether-  Post-traumat-  Interapy: Internet-based cogni- Communicationwithther-  Advantage of technology
lands ic stressdis-  tive behavioral writi ng program apigs who rea_d submitted  coqt for users
order for people suffering from post-  writingsand tailor standard- Reaching isolated
traumatic stress ized feedback eaching isolated groups
Lieber- 2003 [54] United Breastcan-  Support group for womenwith Weekly sessions, news- Research related only
man States  cer breast cancer: electronic sup-  group, 24-hour chat room
port group led by experienced  facility
cancer support facilitator
Lorig 2002  [55] United Back pain Support group for back pain:  Email listserv Research related only
States email discussion group with 2
professional moderators and 3
content experts
Ma- 1998  [56] United Alzheimer's Reachfor TLC: computer-medi- Voice mail bulletin board, Cost for users
honey States  disease ated voicemail systemto provide ask-the-expert facility

support and education for care-
givers
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Author Year Ref Coun- HealthCon- Description of Intervention Networked Features ReasonsGiven by Authors
try dition for Using Internet
Mar- 2003 [57] United Physical ac- Physical activity program: on- Email based on motivation-  Advantage of technology
shall States  tivity line, workplace-based interactive  al stage and personalized  coq for hedlth services
Napoli- 2003  [58] ,tAr ;?a behavioral change program gods Reaching stigmatized groups
tano Timely information/advice
Supplier control of interven-
tion
Novelty
Cost for users
Cost for health services
Timely information/advice
User control of information
Supplier control of informa-
tion
Novelty
Pierce 2002 [59] United  Stroke Caring-Web: nurse-led Web- Email contact to nurse, Research related only
States based support group for care- email listserv (peersand
givers of stroke victims nurse)
Ritter- 2003  [60] United Encopresis U-Can-Poop-Too: Web-based  Personalized homepage,  Cost for users
band States enhanced toilet training for chil-  follow-up sessionsbased gt for health services
dren with encopresisand their ~ on modules completed . . .
Reaching stigmatized groups
parents
User control of intervention
Attractive to children
Robin- 2001 [61] United Bulimia E-mail therapy for bulimia: Participants emailed di- Research related only
son King- email treatment conducted by 2  ariesto which therapists
dom clinicians experienced in eating  responded
disorders
Ross 2004 [62] Canada Heart dis- Web-based Online M edical Messaging system between  Cost for users
ease Record: accesstorecordsand  patientsand cardiac nurses
communication tool for patients
with congestive heart failure
Southard 2003  [63] Heart dis- Web-based educational pro- Messaging between pa- Cost for users
ease gram: nurse-led educationa tientsand nurses/dietitians  (jser control of intervention
program for secondary preven-
tion of heart disease
Taka- 1999  [64] Japan Smoking Quit Smoking Marathon: Messageforumfor partici- None — description only
hashi cessation smoking cessation program deliv-  pants, doctors and ex-
ered through daily guidance smokers
emails
Tate 2001 [65] United Weightloss Weight loss program: Web- Message board; partici- Cost for users
States based behavioral weight loss pants submit diaries and
Tate 2003 [66] program with email follow-up ~ weight; counselorsrespond Advantage of technol ogy
for those at risk of diabetes by email Cost for users
Cost for health services
Supplier control of interven-
tion
Verheij- 2004 [67] Nether- Weightloss Weight loss program: peer Bulletin board for peer-to-  Advantages of technology
den lands supportinterventiontoreducefat  peer communicationand  cogt for health service
consumption in those at risk of ~ social support Lof i .
heart disease User control of intervention
Winzel- 2003  [68] United Breastcan- Support group for womenwith Messageboard withweek- Cost for users
berg States  cer breast cancer: Web-based social |y discussion topic Supplier control of interven-

support group moderated by
mental health professional

tion
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Author Year Ref Coun- HealthCon- Description of Intervention Networked Features ReasonsGiven by Authors
try dition for Using Internet
Dev 1999  [69] United Eatingdisor- Student Bodies: CD-ROM be-  Moderated weekly discus- Research related only
caio 200 (g S des v progampus Wb Songroup (MESEEEDOTT 2 erch reated only
Winzel- 1998  [71] group for students at risk of eat- Advantage of technology
berg ing disorders Cost for health services
Winzel- 2000 [72] Supplier control of interven-
berg tion
Zabinss 2001 [73] Advantage of technology
ki Cost for health services
Zabinss 2001 [74] User control of intervention
ki Supplier control of interven-
tion
Zabinss 2003 [75] Advantage of technology
ki Cost for health services
Reaching stigmatized groups
Supplier control of interven-
tion
Cost for health services
Reaching stigmatized groups
User control of intervention
Supplier control of interven-
tion
Advantage of technology
Cost for users
Cost for health services
Reaching stigmatized groups
Reaching isolated groups
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Abstract

Electronic health tools provide little value if the intended users lack the skills to effectively engage them. With nearly half the
adult population in the United States and Canada having literacy levelsbel ow what is needed to fully engagein an information-rich
society, theimplicationsfor using information technology to promote health and aid in health care, or for eHealth, are considerable.
Engaging with eHealth requires a skill set, or literacy, of its own. The concept of eHedlth literacy is introduced and defined as
the ability to seek, find, understand, and appraise health information from electronic sources and apply the knowledge gained to
addressing or solving a health problem. In this paper, a model of eHealth literacy is introduced, comprised of multiple literacy
types, including an outline of a set of fundamental skills consumers require to derive direct benefits from eHealth. A profile of
each literacy type with examples of the problems patient-clients might present is provided along with aresourcelist to aid health
practitionersin supporting literacy improvement with their patient-clients across each domain. Facets of the model areillustrated
through a set of clinical cases to demonstrate how health practitioners can address eHealth literacy issuesin clinical or public
health practice. Potentia future applications of the model are discussed.

(J Med Internet Res 2006;8(2):€9) doi:10.2196/jmir.8.2.e9
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Internet; literacy; public health; health care; electronic health information; evaluation of electronic resources; €lectronics;
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skill levelsrise, the perceived usefulness of computers, diversity

Introduction

AccessBarriersto eHealth

What if we created tools to promote health and deliver health
care that were inaccessible to over half of the population they
wereintended for? Consumer-directed eHealth resources, from
onlineinterventionsto informational websites, requirethe ability
to read text, use information technology, and appraise the
content of these tools to make health decisions. Yet, even in
countrieswith high rates of absolute accessto the Internet, such
asthe United States and Canada, over 40% of adults have basic
(or prose) literacy levelsbelow that which isneeded to optimally
participate in civil society [1,2]. A multi-country study of
information technology use and literacy found that as literacy

http://www.jmir.org/2006/2/e9/

and intensity of Internet use, and use of computers for
task-oriented purposes rise with it, even when factors such as
age, income, and education levels are taken into account [3]. If
eHedthistoredizeitspotential for improving the health of the
public, the gap between what is provided and what people can
access must be acknowledged and remedied.

Greater emphasison the active and informed consumer in health
and health care[4] in recent years hasled to the realization that
ensuring the public has both access to and adequate
comprehension of health information is both a problem [5] and
an achievable goal for health services [2,3]. A recent report
from the US Ingtitute of Medicine (IOM) entitled Health
Literacy: A Prescription to End Confusion looked at the
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relationship between health and literacy and found that those
with limited literacy skills have less knowledge of disease
management and health promoting behaviors, report poorer
health status, and are less likely to use preventive services than
those with average or above average literacy skills[6].

Health Literacy

The IOM report focuses largely on health literacy, using the
following definition (originally proposed by Ratzan and Parker
[7]): “the degree to which individuals have the capacity to
obtain, process, and understand basic health information and
services needed to make appropriate health decisions’ [7].

Thisdefinition underscorestheimportance of contextual factors
that mediate health information and the need to consider health
literacy in relation to the medium by which health resourcesare
presented. Within a modern health information environment,
this context includesthe following: interactive behavior change
tools, informational websites, and tel ephone-assisted services,
which are all being deployed globally to promote health and
deliver health care (eg, [8-[11]). However, even among North
American adolescents, the highest Internet-use population in
the world, many teens report that they lack the skills to
adequately engage online health resources effectively [12].
Thereisagap between the el ectronic health resources available
and consumers skills for using them. By identifying and
understanding this skill set we can better address the context of
eHealth service delivery [13].

As we witness the impact that basic literacy has on hedlth
outcomes, questions arise about how literacy affects
eHealth-related outcomes and experiences [14]. But unlike
literacy in the context of paper-based resources, the concept of
literacy and health in electronic environments is much less
defined. Consumer eHealth requires basic reading and writing
skills, working knowledge of computers, abasic understanding
of science, and an appreciation of the socia context that
mediates how online health information is produced, transmitted,
and received—or what can be caled eHealth literacy. A
definition and model of eHealth literacy is proposed bel ow that
describes the skills required to support full engagement with
eHealth resources aimed at supporting population health and
patient care.

eHealth Literacy Model

TheLily Model

Eng (2001) defines eHealth as*“the use of emerging information
and communication technology, especialy the Internet, to

http://www.jmir.org/2006/2/e9/
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improve or enable health and health care [15]; this is one of
many published definitions currently in use [16]. Taken in the
context of the |IOM’s definition of health literacy stated above,
the concept of eHealth literacy is proposed. Specifically, eHealth
literacy is defined as the ability to seek, find, understand, and
appraise health information from electronic sources and apply
the knowledge gained to addressing or solving a health problem.
Unlikeother distinct forms of literacy, eHealth literacy combines
facets of different literacy skills and applies them to eHealth
promotion and care. At its heart are six core skills (or literacies):
traditional literacy, health literacy, information literacy,
scientific literacy, media literacy, and computer literacy. The
relationship of these individua skills to each other is depicted
in Figure 1. Using the metaphor of alily, the petals (literacies)
feed the pistil (eHealth literacy), and yet the pistil overlapsthe
petals, tying them together.

Within the lily model, the six literacies are organized into two
central types: analytic (traditional, media, information) and
context-specific (computer, scientific, health). The analytic
component involves skills that are applicable to a broad range
of information sources irrespective of the topic or context
(Figure 2), while the context-specific component (Figure 3)
relies on more situation-specific skills. For example, analytic
skills can be applied as much to shopping or researching aterm
paper as they can to health. Context-specific skills are just as
important; however, their application is more likely to be
contextualized within a specific problem domain or
circumstance. Thus, computer literacy is dependent upon what
type of computer is used, its operating system, as well as its
intended application. Scientific literacy is applied to problems
where research-related information is presented, just as health
literacy iscontextualized to health i ssues as opposed to shopping
for anew television set. Yet, both analytic and context-specific
skills are required to fully engage with electronic health
resources.

eHealth literacy is influenced by a person’s presenting health
issue, educational background, health status at the time of the
eHeal th encounter, motivation for seeking the information, and
the technologies used. Like other literacies, eHealth literacy is
not static; rather, it is a process-oriented skill that evolves over
time as new technol ogies are introduced and the personal, socid,
and environmental contexts change. Like other literacy types,
eHealth literacy is a discursive practice that endeavors to
uncover the waysin which meaning is produced and inherently
organizes ways of thinking and acting [17,18]. It aims to
empower individuals and enable them to fully participate in
health decisions informed by eHealth resources.

JMed Internet Res 2006 | vol. 8 iss. 2 |e9 | p.26
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figure 1. eHealth literacy lily model
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Figure 2. eHealth literacy analytic model
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Figure 3. eHealth literacy context-specific model

The six components of the eHealth literacy model are briefly
outlined below.

Traditional Literacy

This concept is most familiar to the public and encompasses
basic (or prose) literacy skills such as the ability to read text,
understand written passages, and speak and write a language
coherently[19]. Technologies such as the World Wide Web are
still text dominant, despite the potential use of sound and visual
images on websites. Basic reading and writing skills are essential
in order to make meaning from text-laden resources. A related
issue is language itself. Over 65% of the World Wide Web's
content is in English[20], meaning that English-speakers are
more likely to find an eHealth resource that is understandable
and meets their needs.
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Information Literacy

The American Library Association suggeststhat aninformation
literate person knows “how knowledge is organized, how to
find information, and how to useinformation in such away that
others can learn from them” [21]. Like other literacies, this
definition must be considered within the context of the social
processes involved in information production, not just its
application [19]. An information literate person knows what
potential resources to consult to find information on a specific
topic, can develop appropriate search strategies, and can filter
results to extract relevant knowledge. If one views the Web as
alibrary, with search tools (eg, Google) and a catalogue of over
eight billion resources, the need for Web users to know how to
develop and execute search strategies as well as comprehend
how this knowledge is organized becomes imperative.
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Media Literacy

Thewide proliferation of available media sources has spawvned
an entirefield of research inthe areaof medialiteracy and media
studies. Media literacy is a means of critically thinking about
media content and is defined as a process to “develop
metacognitive reflective strategies by means of study” [22]
about media content and context. Media literacy is a skill that
enables people to place information in a socia and political
context and to consider i ssues such asthe marketpl ace, audience
relations, and how mediaformsin themsel ves shape the message
that gets conveyed. This skill is generally viewed as a
combination of cognitive processes and critical thinking skills
applied to media and the messages that media deliver [23].

Health Literacy

Asdiscussed earlier, hedlth literacy pertainsto the skillsrequired
to interact with the health system and engage in appropriate
self-care. The American Medical Association considersahealth
literate person as having “a constellation of skills, including
theability to perform basic reading and numerical tasksrequired
to function in the health care environment. Patients with
adequate health literacy can read, understand, and act on health
careinformation” [24]. Consumers need to understand relevant
health terms and place health information into the appropriate
context in order to make appropriate health decisions. Without
such skills, a person may have difficulty following directions
or engaging appropriate self-care activities as needed.

Computer Literacy

Computer literacy is the ability to use computers to solve
problemg[25]. Given the relative ubiquity of computersin our
society, it is often assumed that people know how to use them.
Yet, computer literacy is nearly impossible without quality
access to computers and current information technology. For
example, it is not helpful to learn PC-based commands on a
Mac, to learn Windows 98 if one requires Windows XP, or be
trained on a laptop when a personal digital assistant (PDA) is
required for a task. Computer literacy includes the ability to
adapt to new technologies and software and includes both

http://www.jmir.org/2006/2/e9/
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absolute and relative access to eHealth resources. To illustrate
this, Skinner and colleagues found that while nearly every
Canadian teenager has accessto the Internet, far fewer havethe
quality of access or the ability to fully utilize it for health
[26,27].

Scientific Literacy

This is broadly conceived as an understanding of the nature,
aims, methods, application, limitations, and politics of creating
knowledge in a systematic manner [28]. The latter-mentioned
political and sociological aspects of science are in response to
earlier conceptions of science as a value-free enterprise, a
position that has been vigorously challenged [28-30]. For those
who do not have the educational experience of exposure to
scientific thought, understanding science-based online health
information may present aformidable challenge. Science literacy
places health research findingsin appropriate context, allowing
consumers to understand how science is done, the largely
incremental process of discovery, and the limitations—and
opportunities—that research can present.

The Six Literacy Types

Taken together, these six literacy types combine to form the
foundational skills required to fully optimize consumers
experiences with eHealth. A profile of each literacy type with
examples of the problems patient-clients might present is
summarized in Table 1. Also included is a list of resources,
many of them Web-based, that can be consulted to help health
practitioners support patient-clients in improving their literacy
skillsacross each domain. Although it would not be unexpected
to find that older adults and those from nonindustrialized
countries report greater difficulties in certain domains,
particularly those that are context-specific, it is the authors
experience that few assumptions about which groups or
individuals are likely to encounter difficulties can be made. As
work with highly Internet-connected populations (like North
American adol escents) shows, many of whom we would expect
to be skilled users, there is a lack of skills, opportunity, and
environments to use eHealth to its fullest potential [12,26,27].

JMed Internet Res 2006 | vol. 8 | iss. 2 |9 | p.30
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 1. Profile of literacy skills asrelated to health care practice

Norman & Skinner

Analytic

Traditional Lit-
eracy and Nu-
meracy

Media Literacy

Information Lit-
eracy

Context-Specif-
ic

Compuiter Liter-
acy

Science Litera
oy

Hedlth Literacy

I dentifying Problems

Potential Resources

Analytic literacy skills can be generically applied to a number of sources and circumstances. These are foundational skillsthat are
required to participate in daily informational life. Training aids are commonly found in many countries.

Inability to read simple language

Difficulty understanding printed materials
in day-to-day interactions (eg, street signs)
Inability to perform basic mathematical
functions such as addition, subtraction, divi-
sion, and multiplication with small whole
numbers

Difficulty in balancing a check book or cal-
culating bank balances

Difficulty reading maps or understanding
simple charts

Lack of awareness of mediabias or perspec-
tive

Inability to discern both explicit and implicit
meaning from media messages

Difficulty in deriving meaning from media

messages

Inability to see connections between informa-
tion from various sources such as books,
pamphlets, or Internet websites

Lack of familiarity with libraries and other
information repositories availablein the
community

Inability to frame search questionsin a
manner that produces desired answers

«  Many countries have national organizations that can provide free services
for learners and professionals. Some examples include the following:
«  Frontier College (Canada) [31]
« theNational Literacy Trust (UK) [32]
« National Research and Development Centre for Adult Literacy and
Numeracy (UK) [33]
« National Center on Adult Literacy (US) [34]

«  TheOffice of Communications strategy for enhancing medialiteracy (UK)
[39]

«  TheNational Ingtitute of Adult Continuing Education (NIACE) medialit-
eracy guide (UK) [36]

«  TheMedia Awareness Network (Canada) [37]

«  The American Library Association has a resource page including toolkits
and reference sourcesto aid in instruction and research [38].

«  Local librariescan provide support for information searches and self-direct-
ed |earning; detail sare available through The Chartered I nstitute of Library
and Information (UK) [39].

Context-specific literacy skillsare centered on specific issues, problem types, and contexts. These skills often require more speciaized
training than analytical literacy skills. Finding local resources may require more focused searches.

Unfamiliarity with basic computer terms
such asemail, mouse, keyboard, and so forth
Inability to use amouse or other input de-
vices

Lack of exposure to computersin everyday
life

Lack of understanding about the cumulative
impact of scientific knowledge

No awarenessthat science can be understood
by nonscientists

Unfamiliarity with scienceterms, the process
of discovery, or the application of scientific
discoveriesto everyday life

Difficulty following simple self-care direc-
tions or prescription instructions

Fear of taking medicationswithout assistance
Unfamiliarity or lack of understanding of
basic health care terms

Computer training courses are widespread; however, accessibility is an issue
for those on fixed incomes. Many libraries offer special programsto teach patrons
both computer and search skillsfor little or no cost. Some countries have job
training centersthat provide basic computer coursesas part of their core mandate.

Few widespread resources exist to teach people science literacy. The most
common approach to learning about science is through formal education; how-
ever, many science institutions such as universities and colleges have open lec-
tures and educational events for the public on aregular basis. In Canada, the
Royal Ingtitute for the Advancement of Science holds monthly lectureson science
topics to educate the public, as does the Roya Society in the UK.

Two instruments have been developed and validated for use in assessing health
literacy: The Test of Functional Health Literacy in Adults (TOFHLA) and the
Rapid Estimate of Adult Literacy in Medicine (REALM). Both have been
widely used and are designed to assess health literacy within 30 minutes. The
TOFHLA has 67 items and includes a numeracy component (the ability to read
and understand numbers) and areading comprehension component. The REALM
has 66 items. Fostering health literacy is a challenge; however, attending to
people’s media preferences (text, video, audio) and using plain languagein in-
teractionsis a place to begin.

These six skill types illustrate the challenges that eHealth
presents to those with low literacy in any one area. Although
one need not have mastery in al these areas to benefit from
eHealth resources, it can be argued that without moderate skills
across these literacies, effective eHealth engagement will be
unlikely. Using a specific health-related issue (smoking

http://www.jmir.org/2006/2/e9/

prevention and cessation) as an example, Table 2 illustrates
how these literacy issues may present within the context of
primary care while suggesting possible intervention strategies.
Unlike other areas of health care, there is no “best practice”
solution to addressing problems of literacy that fitsinto asingle
session or neatly packaged brief intervention. Rather, improving
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literacy is a process that requires coordinated remediation and  practitioners, educators, and community health organizations

education,

involving partnerships among patient-clients,

over time. It is as much a process asit is an outcome.

Table 2. Case scenarios: tobacco use and the six literacy types

Case Study

A group practice has decided to provide smoking
prevention resources for teens and their parents on
its website. The resources are to be approved by a
patient advisory committee. The three sites put for-
ward are Phillip Morris USA’'s smoking prevention
material site [40], The Smoking Zine by TeenNet at
the University of Toronto [41], and Health Canada’s
Quit4Life program [42].

A 60-year-old man with little formal education and
no experience using computers presents with con-
cerns about continuing to smoke. He has made many
unsuccessful quit attempts and has been told there
are Internet resources available that can help him.
Heisinterested in trying something different to help
him stop using tobacco.

A 35-year-old woman presents with an interest in
finding information on smoking to share with her
teenage daughter. She uses email at work and regu-
larly visits alocal website for news, but otherwise
does not surf regularly and does not know how to
find Internet resources easily.

A 24-year-old mother of two small children and
current smoker challenges the claim that second-
hand smokeis harmful to her children, citing research
she found on the Internet.

A 45-year-old patient has been prescribed nicotine
replacement therapy (NRT) using an inhaler. The
patient is unsure when to use the inhaler and under
what conditions and reports behaviors that indicate
heis not using the inhaler as originally prescribed.

Literacy Type(s) Required

Media Literacy: Teens need to know the difference between the perspectives presented on
each site to make an informed decision. One site belongs to a tobacco company with a vested
interest in selling cigarettes, and it advocates prevention strategies not supported by the best
evidence. The other two sites are from ateen-focused research project at a public university
and from a government health agency. These three sites together encourage discussion about
media issues and allow for exploration with patient-clients the ways in which information on
one issue can be presented differently. The Media Awareness Network [37] has resources for
working with children and youth in enhancing medialiteracy that can aid in fostering this dis-
cussion.

Traditional Literacy: A basicliteracy assessment should be undertaken before recommending
use of the Internet as aresource. This may be done by having the patient read afew simple text
passages from consumer health materials or the newspaper or by asking the patient directly if
he has difficulties reading. If basic text materials are difficult, the person islikely to require
assistance in using the Web or other Internet resources even at arudimentary level.

Computer Literacy: If theman haslimited experience with computers, specific training through
alocd library, community center, or other community program might be necessary to provide
him with the means to use Web-assi sted tobacco interventions. Thisrequiresthat the practitioner
arrange and assist the patient in connecting with one of these community resources or inquire
if there are family members or friends who can assist him in getting online.

Information Literacy: A referral to the local library or on-staff librarian (if available) isthe
simplest strategy. A short tutorial on the use of search engines, search strategies, and health
databases can provide the basics on how to navigate the Internet for health information. Once
basic search strategies have been established, the patient may wish to use evidence-supported
resources for evaluating consumer health information, available through tools such as the
DISCERN Project websites [43,44].

SciencelLiteracy: Thisscenario presents ateachable moment to outline some of theissuesthat
address science literacy, such as how evidence changes over time and issues of quality. In this
case, it may be useful to direct the patient to reference sources outlining contrary views and
encourage adial ogue around what makes good science. It is possible the research she hasreferred
toisout of date, contested, or heavily biased (eg, tobacco-industry sponsored).

Health Literacy: The presenting patient is following the product instructions. It is worth ex-
ploring the context around this behavior to seeiif it is amatter of fit between the NRT delivery
method and the person or whether it is an issue of literacy. Patient instructions should be re-
viewed to ensure that they are written in plain language. Practitioners may aso wish to explore
whether there are other media tools available from the manufacturer or local health unit that
can be used to supplement the written instructions, such as visual aids or videos to reduce the
amount of required reading.

Discussion

As the World Wide Web and other technology-based
applications become a regular part of the public health and

Literacy is as much a process as an outcome and requires
constant attention and upgrading. The key isto reach alevel of
fluency at which one can achieve working knowledge of the
particular language (or skill), enough to function at a level
conducive to achieving health goals. Knowledge, information,
and mediaforms are context-specific, and context dictates what
skills and skill levels are required to access health resources.
For example, technical jargon may be appropriate in academic
discourse provided it allows for a more precise explanation of
certain concepts. However, when directed at nontechnical
consumers or those outside of a particular research or practice
culture, technical language may need to undergo a trandation
process in order to convey a message properly[45]. Whereas a
scientist may be interested in acetylsalicylic acid, a patient
requiring pain relief knows this substance only as Aspirin or
ASA.

http://www.jmir.org/2006/2/e9/

health care environment, viewing these toolsin light of the skills
required for people to engage them becomes essentia if the
power of information technology isto be leveraged to promote
health and deliver health care effectively. The eHealth literacy
model presented here is the first step in understanding what
these skills are and how they relate to the use of information
technology as a tool for health. The next step is to apply this
model to everyday conditions of eHealth use—patient care,
preventive medicine and health promotion, population-level
health communication campaigns, and aiding health
professionals in their work—and evaluate its applicability to
consumer health informatics in general. Using this model,
evaluation tools can be created and systems designed to ensure
that there is a fit between eHealth technologies and the skills
of intended users. By considering these fundamental skills, we
open opportunities to create more relevant, user-friendly, and
effective health resources to promote eHealth for al.
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Abstract

Background: Inrecent years, online services for problem drinkers have been devel oped. This paper describes ongoing efforts
to improve one of these services, the Alcohol Help Center.

Objective: Thisreport summarizes new modules added to the Check Your Drinking (CY D) screener, acomponent of the Alcohol
Help Center, to make the CY D screener more useful to periodic heavy drinkers, aswell asto regular alcohol consumers. Participants
initial reactionsto the CY D screener and the changes in their drinking habits at a three-month follow-up are presented.

Methods: The CYD screener provides a free personalized Final Report that compares the user’s drinking to that of othersin
the general population of the same age, gender, and country of origin. Current alcohol consumption and demographic characteristics
are collected as part of the CY D screening process. After userswere presented with acustomized Final Report, they were hot-linked
to a volunteer feedback survey. The voluntary feedback survey asked about impressions of the CYD Final Report. Respondents
agreeing to participate were sent a follow-up survey after three months.

Results:  We recruited 388 volunteers (69% female) who were registered users of another free-to-consumer online eHealth
service. Of the 343 respondents agreeing to participate in the three-month follow-up, 138 accessed the survey, and 97 provided
complete data (participation rate = 40%; completion rate = 70%). Compared to moderate drinkers, current problem drinkers
judged the Final Report to be more useful (34% vs. 69%, X2, = 41.5, P < .001) and accurate (43% vs. 76%, X, = 36.0, P < .001).
Respondents who participated in the three-month follow-up displayed reductions in drinking compared to baseline (F4 75 = 12.2,
P =.001).

Conclusions:  Improvements can still be made to make the CY D screener more relevant to specific populations, particularly
periodic heavy drinkers. Thereisaneed to further tailor algorithmsthat can present questions only relevant to specific populations.
There also appearsto be aneed to further customize the Final Report for respondents who identify themselves asinfrequent heavy

drinkers. These improvements will be made, and a randomized controlled trial is planned to conduct a rigorous evaluation of the
CY D screener as an intervention to help problem drinkers.

(J Med Internet Res 2006;8(2):€5) doi:10.2196/jmir.8.2.5
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Introduction

Cunningham et al

Methods

Hazardous alcohol consumption has been identified as one of
the five leading contributors to the global burden of disease,
and it results in enormous economic costs [1-7]. Yet very few
peoplewith alcohol problemsever seek treatment; the estimated
ratio of treated to untreated problem drinkers ranges from 1:3
to 1:14 in Canada and the United States [8,9-11]. Thisis due,
in part, to concerns about stigma and a desire to deal with their
concerns on their own [12,13]. If the majority of people with
alcohol concerns do not access traditional treatment programs,
would brief, anonymous, 24-hour accessible Internet-based
services be more appealing to them? Many problem drinkers
have an interest in self-help tools to help them evaluate their
drinking [14,15]. Problem drinkers haveidentified computerized
interventions as being particularly attractive [16]. Given this
interest, and the high level of online accessby problem drinkers
(75% in a recent survey) [17], providing tools to problem
drinkers on the Internet may promote access to help.

There have been a number of reports of online services for
problem drinkers (reviewed in [18,19]). Many of these services
would benefit from revisions to take into account the
demographic characteristics and the feedback of participants,
and to take advantage of the increasing options available to
provide sophisticated toolsfor problem drinkers. A casein point
is one of the early online tools for problem drinking, Evaluate
Your Drinking [20], a program that provided personalized
assessment reportsto participants. Preliminary research utilizing
asurvey hot-linked to the participants assessment report found
that, while reactions to the assessment reports were generally
positive, the report was judged to be less useful by infrequent
drinkers as compared to frequent drinkers. In order to increase
the usefulness of this online feedback tool, a new version of
this program, the Check Your Drinking (CY D) screener (part
of the Alcohol Help Center) [21], was created. In addition to
updating the normative feedback components using the most
recent general population data available, the CY D Final Report
incorporates new modulesthat should appeal to infrequent heavy
drinkers. This report describes these improvements and
summarizesapreliminary evaluation of the updated intervention.

In order to provide a preliminary outcome evaluation of the
CYD screener, a threeemonth follow-up survey was also
conducted. Two hypotheses were tested in this outcome
evaluation. Hypothesis one predicted that respondents would
be drinking less at three months' follow-up as compared to
baseline. Second, previous research has indicated that
respondents’ perceived risk might be an important incentive to
adopt health protective behaviors (e.g., [22]). Thus, it would be
expected that, as peoplereducetheir drinking, their perceptions
of therisk associated with their drinking should & so be reduced.
Hypothesis two predicted that respondents who displayed
reductionsin their perceived risk of health consequences from
drinking would be more likely to have also reduced their
drinking from baseline to three months’ follow-up as compared
to respondents who reported no reductions or who reported
increased ratings of their perceived risk.

http://www.jmir.org/2006/2/e5/

Baseline Survey

Recruitment for this pilot study was conducted by an email
invitation sent to registered users of a separate free-to-consumer
website program, the Stop Smoking Center [23]. A stand-alone
version of the CYD screener was posted on a closed-access
website that was custom programmed exclusively for this study.
Participants were identified by a randomly generated and
anonymous unigue variable assigned to each registered user of
the Stop Smoking Center. Partici pants could compl ete the survey
only once, their anonymous user | D being automatically blocked
after responding to the survey’s final question. To maximize
user privacy, cookieswere not used. Volunteers who responded
to the email solicitation were taken to a Web page that described
the purpose of the study. A full copy of the baseline survey is
included in Appendix 1. Because respondents were recruited
from the Stop Smoking Center, they werefirst asked some brief
questions about their current smoking status (results reported
elsawhere[24]) and whether they currently drank acohol. Those
respondents who were current drinkers were asked to compl ete
the CYD screener and receive their personalized Final Report,
while those who indicated that they abstained from alcohol
consumption were thanked for their participation and were not
asked to complete the CYD screener. At the end of the Final
Report, respondents were asked if they were willing to
participate in athree-month follow-up, and they were provided
with ahot-link button that took them to avoluntary survey that
asked if they found the Final Report useful (not at all useful;
slightly useful; somewhat useful; extremely useful), if anything
was surprising in the Final Report (no; surprised how much
more drank than others; surprised how much less drank than
others; something else surprising), if they felt the Final Report
was an accurate summary of their drinking (yes; no, infrequent
drinker; no, drinking varies over time), and to what extent they
believed they would personally be at risk of getting hurt or sick
because of their drinking (O = no risk; 10 = high risk).
Respondents were also provided with pictures of each of the
three main drinking summary graphs (see description below)
and were asked to place a check mark under the graphs they
found useful (or, if they found none useful, to not check any of
the graphs). Finaly, text boxes were available for respondents
to provide written comments, but written comments were not
mandatory. Survey items were not presented in random order.
The maximum number of survey items was eight on one page,
and the survey was distributed over 10 pages. The survey
employed client-side and server-side error checking, required
field validation, and server-side data validation. Participants
could not proceed through the survey until they had responded
to all mandatory questions on each page. Although the mgjority
of questions were static and mandatory, some questions
requested the participant’s opinion (not mandatory). Until survey
completion, participants were able to review and change their
answers by clicking the back button on their browser or the
back button inserted at the bottom of each survey page.

The study was approved by the standing ethics committee of
the Centrefor Addiction and Mental Health. Theemail invitation
described the purpose of the survey, how long it would take
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(about 10 minutes), and that the use and storage of the data
would ensure anonymity. Responding to the email invitation
was taken as informed consent. The design of the survey
followed international guidelines set forth to protect privacy
[25,26]. The survey was pre-tested for usability and technical
functionality prior to release. Details of the survey research
methods have been presented in compliance with the checklist
for reporting results of Internet e-surveys (CHERRIES) [27].

Three-Month Follow-up Survey

The same survey methods were employed for the three-month
follow-up survey as for the baseline survey. A full copy of the
follow-up survey isavailable in Appendix 2. First, respondents
were asked about their current smoking status, whether they
currently drank alcohol, and to what extent they currently
perceived themselvesto be at risk of getting hurt or sick because
of their drinking (1 = norisk; 10 = high risk). Respondents who
were current drinkers were then asked the same items from the
CYD screener (see below), this time with respect to their
drinking in the last three months. Results from the follow-up
survey were linked to the baseline survey using respondents’
unique user 1D number.

Statistical Analysis

Univariate comparisons were made of the baseline survey
results, comparing respondentswho did or did not compl etethe
voluntary feedback survey at baseline and also comparing
problem and nonproblem drinkers. A repeated-measures
multivariate analysis of variance was employed to test
hypotheses one and two. Differencesin drinking from baseline
to follow-up were compared for respondents who did or did not
report reductionsin their perceived risk associated with drinking
between the baseline and follow-up time points.

The Check Your Drinking Screener

The CY D screener isavailablefor public access[21]. The survey
first asks respondents their gender, age, country of origin,
weight, and how much money a drink usually costs them. The
respondents are also asked their reason for taking the CYD
screener (for yourself; for someone you know; you are just
checking out the CYD test to see what the results look like),
which provides an option for participants to indicate that they
are researchers or health professional's (so researcher data can
be removed from the sample). The first page contains a
description of the CYD screener with alink to a sample Final
Report, and it describes the uses to which the data will be
applied. After submitting the first page, respondents complete
an 18-item survey that asks about details of their drinking. The
screener includesthe Alcohol Use Disorders I dentification Test
(AUDIT) [28,29], a well-validated measure that distinguishes
between problem and nonproblem drinkers (cut-off score of
eight or more on the AUDIT indicates a current problem with
alcohal). Respondents are also asked to estimate how much
they drink on each day of atypical week [30,31] and to report
the highest number of drinks they consumed on a single
occasion. The CY D survey concludes by asking respondents if
they have experienced any of six psychosocial consegquences
as a result of their drinking in the last year: harmful effect on
(2) friendships/socid life; (2) physical health; (3) home life or
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marriage; (4) outlook on life (happiness); (5) work, studies, or
employment opportunities, or (6) financial position [32].

Final Report

TheFinal Report beginswith asummary piechart that compares
the respondent’s drinking in atypical week to that of others of
the same age group (six different age groups), gender, and
country of origin. Recent population comparison data are
currently available for Canada and the United States; UK data
have been added since this study and data from other countries
will be added at alater date [33-36]. The respondents are then
provided with an estimate of the percentage of daysthey drank
in the last year, the number of drinksthey consumed in the last
year, and the greatest number of drinks they consumed on one
occasion. To heighten theimpact of this customized information,
estimates are provided of the amount of money spent on drinking
and the number of calories consumed, including an estimate of
the amount of weight added in the past year as a result of
drinking.

The Final Report then continues with two drinking feedback
graphs—a bar chart comparing the respondent’s drinking on
each day of the week to that of others of the same age group
and gender (data only available from Canada), and a pie chart
comparing the frequency of heavy-drinking days (five or more
drinks on one occasion) to that of others of the same age, gender,
and country of origin. Thislast graph, in particular, was added
with the specific intent to provide useful feedback to infrequent
drinkers. Respondents who drink five or more drinks on one
occasion once per month or more are alerted to the increased
risks associated with this type of consumption [37]. A list of
the actual psychosocial consequences the respondent endorsed
is also provided. Next, a dose-response chart is presented that
describes the chances of experiencing negative consequences
asaresult of the weekly alcohol consumption (generated using
data from the 2004 Canadian Addiction Survey [33]). A chart
graphically depicting the respondent’s AUDIT score is aso
provided along with an explanation of what different AUDIT
scoresindicate. The Final Report continues with an estimate of
the amount of timeit takes respondentsto metabolize one, four,
and ten drinks (based on weight), and it calculates how many
hours they were under the influence of alcohol in the past year.
The report concludeswith sensible drinking guidelines provided
by the Centrefor Addiction and Mental Health[38], asummary
of the health effects of alcohol, and alist of the different things
a respondent could do in order to reduce the risks associated
with drinking. A complete example of a Final Report can be
found in Appendix 3.

Results

Baseline Survey

Email invitations were sent out to 7741 registered users of the
Stop Smoking Center who registered between October 27, 2004
and July 27, 2005 and had active email accounts. Of these
potential participants, 1085 recipients hot-linked to the survey
using the unique link provided in each email (participation rate
=14%). Of these, 973 started the baseline survey; 9 respondents
were removed because they said they were taking the test for
someone else; 231 were removed because they identified
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themselves as nondrinkers, and 1 respondent did not complete  characteristics of respondents who completed and respondents
the CY D survey, resulting in afinal samplesizeof 732. Of these  who did not complete the voluntary feedback survey. There
732 respondents, 388 (53%) completed the voluntary feedback  were no significant differences in any of the demographic or
survey to givetheir impressions of the Final Report (completion  drinking characteristics between survey completers and
rate = 40%). Table 1 presents the demographic and drinking noncompleters.

Table 1. Demographic and drinking variables of users of the Check Your Drinking screener

Completed Volunteer Survey Did Not Complete Voluntary P

Survey
n =388 n=2344
Mean age (years) (SD) 40.3 (11.3) 38.9(11.8) 12
Female (%) 68.8 66.6 57
Country of Origin
United States (%) 62.6 61.7
Canada (%) 18.0 14.0
Other (%) 19.3 24.3 14
Mean number of drinks/typical week (SD) 9.5 (10.9) 10.6 (12.3) 21
Mean AUDIT score (SD)* 7.2(6.1) 7.4(5.8) 61
Mean number of acohol consequences (SD)t 1.2(1.8) 1.2(1.8) .62

" Problem drinki ng defined as a score of eight or more on the Alcohol Use Disorders Identification Test (AUDIT) [28,39]

THas drinking ever affected (1) friendships/social life; (2) physical health; (3) home life or marriage; (4) outlook on life (happiness); (5) work, studies,
or employment opportunities; or (6) financial position [32]

Table 2. Voluntary feedback survey, comparing problem and nonproblem drinkers

Nonproblem Drinkers Problem Drinkers* P
n =258 n =130
Mean age (years) (SD) 415 (11.8) 37.9(9.7) .001
Female (%) 74.0 58.5 .003
Country of Origin
United States (%) 67.1 53.8
Canada (%) 20.2 1338
Other (%) 12.8 323 .001
Mean number of drinks/typica week (SD) 4.6 (4.6) 19.1(13.2) .001
Mean number of alcohol consequences (SD)T 0.3(0.8) 28(21) .001
Mean perceived risk (SD)+ 0.7 (1.0) 4.7 (3.0) .001
Impressions of Feedback
Feedback somewhat/extremely useful (%) 34.1 69.2 .001
Surprised how much more drink than others (%) 136 50.0 .001
Summary captures drinking (%) 434 76.2 .001
Typica week graph useful (%) 28.7 42.3 .01
Days of week summary useful (%) 23.6 385 .003
Frequency 5+ drinks graph useful (%) 136 16.2 .60

" Problem drinki ng defined as a score of eight or more on the Alcohol Use Disorders Identification Test (AUDIT) [28,39]

"Has drinking ever affected (1) friendships/socia life; (2) physical health; (3) home life or marriage; (4) outlook on life (happiness); (5) work, studies,
or employment opportunities; or (6) financial position [32]

*To what extent do you believe that you are personally at risk of getting hurt or getting sick because of your own drinking (0 = no risk; 10 = high risk)
[40]
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Table 2 presents demographic and drinking characteristics and
impressions of the Final Report for problem drinkers (defined
as an AUDIT score of eight or more) and moderate drinkers
who completed the voluntary feedback survey. Problem drinkers

wereyounger (t=3.2, P=.001) and morelikely tobe male ()(21

=9.1, P =.003) compared to current moderate drinkers. Problem
drinkers were also more likely than moderate drinkers to live
outside the United States or Canada (x%, = 21.3, P < .001).
Further inspection of the country of origin reveaed that 48%
of the respondents who lived outside of the United States or
Canada lived in the United Kingdom. As expected, problem
drinkers consumed more alcohol in atypical week (t=12.2, P
<.001) and experienced more drinking consequences (t = 12.8,
P < .001) compared to moderate drinkers. Problem drinkers
also rated themselves as significantly more likely to get hurt or
sick because of their drinking compared to moderate drinkers
(t=14.7, P <.001).

There were also a number of significant differences regarding
impressions of the Final Report between problem and moderate
drinkers (see Table 2). Problem drinkers were more likely to
find the feedback summary somewhat or extremely useful (x2;
=41.5, < .001), to be surprised by how much more they drank

than others (x%, = 58.1, P < .001), and to fee! that the summary

accurately outlined and captured their drinking (X%, = 36.0, P
<.001). Because one of the main intents of updating the screener
was to provide useful information for infrequent drinkers, two
further analyses were conducted comparing problem drinkers
who were frequent or infrequent drinkers. Compared to problem
drinkers who drank more than once a week (n = 103), those
who drank weekly or less (n = 27) appeared just as likely to
find the Final Report somewhat or extremely useful (69.9% vs.
66.7%, x21= .008, P = .93). In addition, problem drinkers who
consumed five or more drinks (on one occasion) once amonth
or more (n = 111) were just as likely to find the Final Report
somewhat or extremely useful as those problem drinkers who
consumed five or more drinks less than once a month (n = 19,
69.4% vs. 68.4%, x?, = .001, P = 1.0). There was some
differencein the proportion of frequent (more than weekly) and
infrequent (weekly or less) problem drinkers who thought the
feedback accurately depicted their drinking (81.6% vs. 55.6%,
x21: 6.6, P = .01). However, there was no difference between
frequent heavy drinkers (five or more drinks monthly or more)
and infrequent heavy drinkers on how accurate they felt the

Final Report to be (75.7% vs. 78.9%, le =.001, P =.99).
Respondents were asked if they found the three drinking

feedback charts useful (see Table 2). Compared to moderate
drinkers, problem drinkers more often found the weekly drinking

pie chart (x?; = 6.6, P = .01) and the days of the week drinking

bar chart useful (x%, = 8.6, P =.003). Few problem or moderate
drinkers found the frequency of heavy-drinking days pie chart
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useful (x%,= .28, P = .60). One potential difficulty ininterpreting
respondents’ ratings wasthat the feedback chartswere generated
with population data from Canada or the United States, so they
would be less relevant to respondents from other countries.
Anayses were conducted to explore the proportions of
Canadians and Americans who endorsed each chart and were
marginally higher than those reported by the full sample (not
shown).

Three-Month Follow-Up Survey

Of the 343 respondents who agreed to participate in the
three-month follow-up survey, 138 accessed the survey and
attempted to provide responses (participation rate = 40%).
Responses from 41 participants could not be used because the
unique respondent ID number was not associated with the
participants' data. (The email invitation to participate in the
three-month follow-up contained alink to the follow-up survey
that was unique to the participant. Depending on the size of the
participant’s email window, this link could extend over more
than oneline. Respondentswhoselink extended over morethan
one line were able to access the survey, but their unique 1D
number was not associated with their responses, making the
dataunusable.) Thisleft 97 participantswho provided complete
follow-up data (completion rate = 70%). Finally, 16 of these
respondents did not complete the baseline voluntary feedback
survey and, as such, had not provided an assessment of
perceived risk at baseline, leaving 81 respondentswith complete
data to test hypothesis two. A repeated-measures multivariate
analysis of variance (MANOVA) was conducted to test both
hypotheses one and two simultaneously. The two independent
variables were time (baseline versus three-month follow-up)
and changein perception of risk (reduction in perception of risk
from baseline to follow-up versus no reduction or increase in
perceived risk). Four drinking variables were included as
dependent variables: number of drinksin atypical week, greatest
amount drunk on one occasion, number of drinking related
consequences, and AUDIT score. Baseline and fol low-up values
for these dependent variables are displayed in Table 3. The
MANOVA reveded a main effect of time (Fy76 = 12.2, P =
.001) and of reduction in perceived risk (F4 75 = 5.3, P = .001).
In addition, there was a significant interaction between time
and perceivedrisk (F, 74 = 6.1, P =.001). Subsequent univariate
analyses exploring this interaction revealed significant
interactionsfor the variables: number of drinksin atypical week
(Fy,79 = 4.0, P = .05), greatest amount drunk on one occasion
(F179=16.1, P=.02), number of drinking-related consequences
(Fy79 = 24.5, P = .001), and AUDIT scores (F; 79 = 54, P =
.02). Inspection of the observed means for these variables
reveal ed that respondents who had areductionintheir perceived
risk from baseline to follow-up also had reductions in their
drinking from baseline to follow-up. Respondents with no
reduction or an increase in their perceived risk displayed little
or no reductionsin their drinking from baseline to follow-up.
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Table 3. Mean alcohol consumption at baseline and three-month follow-up by reduction in perceived risk from baseline to follow-up

Reduction in Risk* n =24

No Reduction in Risk n =57

Baseline Follow-Up Baseline Follow-Up
Mean number of drinks/typical week (SD) 16.7 (10.8) 145 (12.2) 8.1(11.0) 8.8 (12.9)
Mean greatest amount drank (SD) 9.3(3.5) 6.0 (3.4) 6.4 (4.8) 5.1(5.3)
Mean number of alcohol consequences 3.2 (2.1) 15(1.9) 0.9 (1.7) 0.7 (1.6)
(SD)
Mean AUDIT score (SD) 13.1(6.5) 11.1(6.4) 6.0 (6.1) 5.6 (6.3)

"These respondents rated their perceived risk of drinking as less at the three-month follow-up than at baseline (right after receiving their Final Report).

Discussion

Principal Results

Problem drinkers were more likely to find the Fina Report
useful, surprising, and accurate than moderate drinkers. Asthe
primary target of this website is current problem drinkers, it
was intended that the Final Report should be found most useful
to this group (although attempts were made to make the Final
Report relevant to respondents from the entire continuum of
alcohol consumption, from social drinkers to those dependent
on alcohal). Of the feedback elementsin the Final Report, both
the original typical week pie chart and the days of the week bar
chart were endorsed by about a third of respondents as being
useful. The frequency of five or more drinking days pie chart
was not often endorsed as being useful. It was discouraging to
see how few respondents found the frequency of five or more
drinks pie chart useful. This element of the CYD screener was
added specifically to make the Final Report more relevant to
infrequent heavy drinkers. Some qualitative responses from
participants also highlighted that the Final Report was
considered inaccurate by irregular drinkers.

Aswith an evaluation of the earlier version of the CYD [20], a
significant proportion of respondents were female. One of the
potential advantages of online services is the ability to reach
groups of people (such as females) who are less likely to seek
help from traditional services. Also similar to the earlier report
was the proportion of respondents who were current problem
drinkers. This is despite the fact that the recruitment method
for the current eval uation was unusual—an invitation to current
users of an online tobacco cessation self-help service. Whilean
excellent means of quickly recruiting a large sample to a new
online service (recruitment period was one week), caution should
be taken in assuming that these respondents have the same
profile as those who will find the Alcohol Help Center on their
own.

Conflictsof Interest

There was a significant reduction in drinking measures from
baseline to follow-up. While this finding supports hypothesis
one, it should be stressed that thisfinding does not confirm that
the reduction in drinking was due to use of the CYD screener
because there was no control group in this study. In addition,
reductions in estimates of perceived risk from baseline to
follow-up were associated with reduction in drinking. This
finding provides support for the importance of perceived risk
as apotential mediator of the impact of self-help interventions
such as the CYD screener. However, as with the preliminary
support that the CYD may lead to reductions in drinking, a
proper randomized controlled trial isneeded in order to confirm
this hypothesis [41].

Limitations

Not al respondents filled out the voluntary feedback survey,
suggesting that caution should be taken regarding the
generalizability of the results. It should, however, be noted that
there were no systematic differences between completers and
noncompl eters on the variables we measured. In addition, there
was a substantial attrition of respondents from baseline to
follow-up, again leading to cautions regarding the validity of
the results [42,43]. Finally, the present study was not a
randomized controlled trial, so observations of reductions in
drinking can only be taken as peripheral support for the
effectiveness of this online intervention.

Future Directions

An upgraded version of the CYD screener will include a
modified assessment algorithm and Final Report for participants
with irregular drinking patterns rather than using the same
assessment and Final Report for all users. Finally, arandomized
controlled trial is underway to establish whether participation
inthe CY D screener will result in sustained reductionsin alcohol
consumption.

Dr. Cunningham has acted as a paid consultant to Van Mierlo Communications Consulting Inc., Toronto, ON, Canada, the owner
of the Alcohol Help Center software. Trevor van Mierlo is the Chairman and Founder of V-CC, which owns the Alcohol Help
Center, among other community-based cognitive behavior therapy eHealth platforms.
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Abstract

Background: Inan eraof easy accesstoinformation, university studentswho will soon enter health professions need to develop
their information competencies. The Research Readiness Self-Assessment (RRSA) is based on the Information Literacy Competency
Standards for Higher Education, and it measures proficiency in obtaining health information, evaluating the quality of health
information, and understanding plagiarism.

Objective: This study aimed to measure the proficiency of college-age health information consumersin finding and evaluating
electronic health information; to assesstheir ability to discriminate between peer-reviewed scholarly resources and opinion pieces
or sales pitches; and to examine the extent to which they are aware of their level of health information competency.

Methods: An interactive 56-item online assessment, the Research Readiness Self-Assessment (RRSA), was used to measure
the health information competencies of university students. We invited 400 studentsto take part in the study, and 308 participated,
giving a response rate of 77%. The RRSA included multiple-choice questions and problem-based exercises. Declarative and
procedural knowledge were assessed in three domains: finding health information, evaluating health information, and understanding
plagiarism. Actual performance was contrasted with self-reported skill level. Upon answering al questions, students received a
results page that summarized their numerical results and displayed individually tailored feedback composed by an experienced
librarian.

Results: Even though most students (89%) understood that a one-keyword search islikely to return too many documents, few
students were able to narrow a search by using multiple search categories simultaneously or by employing Boolean operators. In
addition, nearly half of the respondents had troubl e discriminating between primary and secondary sources of information aswell
as between referencesto journal articlesand other published documents. When presented with questionable websites on nonexi stent
nutritional supplements, only 50% of respondents were able to correctly identify the website with the most trustworthy features.
Lessthan aquarter of study participants reached the correct conclusion that none of the websites made a good case for taking the
nutritional supplements. Up to 45% of studentswere unsureif they needed to provide referencesfor ideas expressed in paraphrased
sentences or sentences whose structure they modified. Most respondents (84%) believed that their research skillswere good, very
good, or excellent. Students’ self-perceptions of skill tended to increase with increasing level of education. Self-reported skills
were weakly correlated with actual skill level, operationalized as the overall RRSA score (Cronbach alpha = .78 for 56 RRSA
items).

Conclusions: While the majority of students think that their research skills are good or excellent, many of them are unable to
conduct advanced information searches, judge the trustworthiness of health-related websites and articles, and differentiate between
variousinformation sources. Students' self-reports may not be an accurate predictor of their actua health information competencies.

(J Med Internet Res 2006;8(2):e6) doi:10.2196/jmir.8.2.6
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Introduction

Background and Purpose of the Study

As society moves toward evidence-based medicine [1], health
providers, health educators, and health care consumers must
acquire not only basic health information literacy skillsbut also
more advanced competencies [2]. These competenciesinclude
evaluation of the quality of health information resources,
obtaining health information documents on narrow topics by
conducting advanced searches, judging the trustworthiness of
health information sources, and understanding the advantages
and disadvantages of different media. Thelast point isof special
concern because many individuals have come to rely on the
Internet as a main source of health information. This research
addresses the Healthy People 2010 Objective 11-2, currently
worded as “to improve the health literacy of persons with
inadequate or margina literacy skills,” but which may be
expanded to the entire US population instead of only to those
with marginal or inadequate literacy skills [3]. In addition, it
aims at providing needs assessment information that may aid
in accomplishing Objective 11-3, whichisrelated to increasing
the proportion of health communication activities that include
research and evaluation, and Objective 11-4, set to increase the
proportion of health-related websites that disclose information
that can be used to assess the quality of the sites.

Recent reports suggest that over 55% of Americanswith Internet
access seek health information online [4]. One of the most
common complaints about online health information searches
is the amount of time required to process the documents that
are found [5], but this observation is likely to be related to the
general nature of the searches conducted—few information
consumers use advanced search features, precisely specify their
keywords, or limit their searches in some other way. While
Internet search engines help identify a very large number of
health-related documents, their use calls for advanced
competencies that not all information consumers may possess.
For example, the vast majority of documents found on the
Internet have not passed a rigorous peer-review process. The
ability to conduct one’sown review isclearly an advanced skill.
Arguably, health information consumers will be at a greater
risk of making health decisions on the basis of noncredible
information if they conduct a Google search as opposed to a
search in a scholarly library database. This risk will be
particularly high for individuals with poor health information
competencies. Research comparing clinical evidenceto Internet
information reveals numerous examples of erroneous and
potentially harmful information on such popular topics as cancer
rates, smoking cessation methods, and fever management in
children [6-8].

Internet users may tend to underestimate the effort and
competence required for obtaining trustworthy health
information. A decade ago, communication researchers who
compared print and television media described this paradox:
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[Individuals] have learned that print materials, so
highly prized in school and elsewhere, are indeed
more difficult to process, whereas TV can be
processed for pleasurewithout much effort. However,
this argument pertains only to the minimum effort
needed for the satisfactory processing of materials;
it says nothing about the amount of additional effort
one could expend in processing televised material if
one aimed at a deeper understanding of it[9].

Although the Internet provides access to a vast number of
documents on health-related topics, it is hard to build
evidence-based knowledge about a health issue if one cannot
determine the credibility of websites and the trustworthiness of
the online documents. The minimum effort required for
identifying millions of websites on a particular health topic is
in sharp contrast with the average effort required to sift through
the gigabytes of information in order to sort out the most
credible documents, or at least those that appear as such.

Higher education ingtitutionsin the United States provide access
to an unprecedented quantity of digital information vialibrary
archives, licensed online databases, and the public-access
Internet. To differentiate between publicly accessible Web
documents and password-protected scholarly databases, which
can be accessed by paid members via the Web, we refer to the
former as the “the public-access Internet.”

Our study explores three basic questions. How proficient are
university students at finding and evaluating health-related
information? How well do they understand the difference
between peer-reviewed scholarly resources and opinion pieces
or sales pitches? How aware are they of their own level of health
information competencies? The main goal of this project was
to identify approachesto building Information Age competencies
of young health consumers, specifically a cohort of 18- to
23-year-old students enrolled in higher education programs.

Literature Review: Health I nformation and the
Internet

In accordance with the Heathy People 2010 health
communication objective [3], public health professional s attempt
to assist consumers seeking health information viathe Internet,
for instance, by reinforcing the need for quality standards and
widespread criteria for evaluating health information [10-14].
Clineand Haynes[10] note that, while critics are fast to question
the quality of online health information, limited empirical
research on this topic does not allow any broad conclusions to
be drawn. In a study published the same year, Eysenbach and
colleagues [15] reported that Internet coverage of health
information was often inconsistent, although the accuracy was
generally good, and that search engines and simple search terms
did not provide efficient access to health information. Crespo
[16] reviewed several studies on online health information
seekers and concluded that most users seemed to focus on
finding information quickly rather than on evaluating the
information found. Similarly, Eysenbach and Kohler [17] found
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that individuals explored only the first few links obtained from
asearch using ageneral search engine. Although some Internet
users attempted to assessthe credibility of sitesby, for example,
examining their source and professional designs, many people
did not read the “ about us” sections of websites, |earn about the
authors or owners of the sites, or review disclaimers and
disclosure statements. Very few Internet userslater remembered
from which websites they retrieved information or who stood
behind the sites [17].

Thus, abundance of health information does not alwaystrandlate
into informed choices. Hibbard and Peters [18] suggest that
three factors should be considered in selecting information
presentation strategies: (1) the complexity and amount of
information; (2) the nature of the choice—degreeto which there
isaright or best option; and (3) the experience, motivation, and
skills of users. Thethird point, deficient information skills, may
prevent members of the public from recognizing that key
information is missing, from understanding the difference
between biased and unbiased information, from distinguishing
evidence-based claims, and from interpreting the information
intended for health professionals [10]. Researchers, having
observed individuals who, on average, spent about one-half
hour looking for health information, concluded that information
consumers should have at least a tenth grade reading level to
process Web materials. Many websites presented to the
participants of this study contained material at a college level
[15].

Online hedlth careishaving agrowing cultural impact, affecting
the practitioner-patient relationship and opening up the
possibility of new rolesfor social workers and educatorsin the
provision of health services [19]. The increasing use of the
Internet draws scientists attention to modeling individual
behavior, contributing to the development and refinement of
individual health theories and models, such as the Theory of
Planned Behavior, The Hesalth Belief Model, and The
Transtheoretical Model [20]. Thetheoretical framework for this
study is largely based on the information processing theories
and concepts discussed bel ow.

Schneider and Shiffrin [21] distinguish two qualitatively
different modes: (1) conscious, intentional processing of
information that is capacity limited (controlled processing), and
(2) quick and efficient automatic processing of information that
has greater capacity, for example, when severa tasks can be
done at the same time. Automaticity requires less attentional
resourcesthan controlled processing, and it isdevel oped through
extensive practice under the condition of consistent stimuli and
response requirements. When surfing the Internet, for example,
health information consumerslimit their exposureto inconsi stent
conditions—they tend to use the same search engines and the
same searching methods, such as entering keywords into the
nonadvanced search window. The assessment of health
information competencies in this study incorporates tasks that
call for automatic processing and tasks where stimuli and
response requirements of the task are inconsistent with most
health information consumers’ information search practices.

We aso draw upon Anderson’s ACT theory [22,23], which
explains skill acquisition. It incorporates research on
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automaticity and explains the development of cognitive skills
important for processing digitized health information from a
variety of electronic sources [24]. According to Anderson
[22,23], skill development has three stages: (1) the declarative
knowledge stage, when knowledge of factsisbuilt, such asfacts
about reputable sources of health information and general
procedures for obtaining information; (2) the knowledge
compilation stage, which is characterized by proceduralization
and composition; and (3) the procedural stage. To illustrate the
second stage, consider a health information consumer who
follows a set sequence of specific steps to search for a
health-related terms (proceduralization) and reapplies this
sequence until sufficient information on a health topic isfound
(composition). Once at the knowledge compilation stage, a
consumer can perform an information search task at a higher
speed and with fewer errors than at the declarative knowledge
stage. High speed and low error rate are both important markers
of skilled performance. However, a disadvantage of knowledge
compilation is the rigidity of behavior, when individuals find
itincreasingly difficult to attend to intermediate feedback (e.g.,
step-related results) and engage in strategy modification (e.g.,
by adopting a search strategy that produces a greater number
of trustworthy health information resources) [24]. Declarative
and procedural knowledge are discussed in greater depth in the
Methods section.

An Interdisciplinary Research Partner ship

Our research originated from the collaboration of apsychologist,
ahealth educator, and alibrarian who set out to understand and
improve health information competencies of the Information
Age generation. The collaboration enhances our research in
several ways. The psychologist contributes expertiseinthe area
of psychometrics and test design, whereas the health educator
contributes knowledge of health consumers behavior and
intervention designs. The librarian contributes expertise in
training and enhancing patrons’ health information—seeking
skills[25], aswell as knowledge about gatewaysto authoritative
consumer healthinformation, for example, Medline Plus[26,27].
Linnan and colleagues [28] believe that library/public health
partnerships are capable of increasing information access, the
quality of available health information, and the technological
expertise of all community members. Neighborhood libraries
often serve the online health information needs of consumers
who may not have Internet access at home, such asthe elderly,
ethnic groups, and low-income and undereducated populations
[29,30], whereas university libraries also serve as gateways to
scholarly health materials that are not available on the
public-access Internet. In addition to public-access health
resources available online, this research focuses on scholarly
health resourcesin academic libraries and their use by students
who are training to become health professionals.

Methods

Participants

A sample of 400 college-age students was sel ected because this
cohort is the first Information Age generation that has been
exposed, for up to one-half of their lives, to the Internet.
Students enrolled in three courses in the College of Heath
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Sciences at a Midwestern university were invited to participate
in the study. Thefirst class was a high-enrollment introductory
course on the determinants of heath. Although only
undergraduate students (n = 354) participated in this course,
they represented all level s of undergraduates—freshman (59%),
sophomores (22%), juniors (9%), and seniors (10%). The second
classwas an advanced coursein health administration in which
both undergraduate (n = 19) and graduate students (n = 3) were
enrolled. Thethird classwasamid-level health education course
(n=25) for undergraduate students. All studentsenrolled inthe
advanced health administration course and the mid-level health
education course were majoring in health professions. About
one third of the introductory course students with declared
majors were majoring in a health-related discipline, and 31%
of students had not made up their minds about a major field of
study.

Introductory course students compl eted the assessment for extra
credit, while others did it to learn more about their own skills.
The instructors emphasized that the purpose of the assessment
was to help students become competent consumers of
health-related information.

M easures

Health Information Competencies

Ivanitskaya and Casey developed the Research Readiness
Self-Assessment (RRSA) to measure basi ¢ research skills based
on the Information Literacy Competency Standards for Higher
Education developed by the Association of College and
Research Libraries[2,31]. The RRSA designers original intent
was to measure information competencies, both general and
discipline specific, of students attending colleges and
universities. A hedlth information version of the RRSA is
discussed in this paper; it was created to specifically evaluate
health information competencies. Competencies are
knowledge/skills setsessential for accomplishing agoal, inthis
case, finding quality information on aspecific health topic. The
RRSA measures competencies linked to such college-age health
information consumer behaviors as determining possible sources
of health information, conducting health information searches,
evaluating the quality of documents found, and using those
documents appropriately. One of the relevant competenciesis
knowledge of plagiarism because it can be applied to properly
recognize ideas contributed by others and to evaluate
health-related documents. The RRSA designers aimed at
measuring foundational competencies that are (1) transferable
to other knowledge domains (e.g., social sciences in addition
to health sciences); (2) applicable to alarge number of health
information consumers; (3) consistent with typical behaviors
or experiences of health information consumers who seek
information from electronic sources; and (4) that capture the
nature and spirit of critical thinking, life-long learning, and
advancesin information technology. It isimportant to note that
the RRSA instrument does not measure higher order skillsthat
characterize experienced researchers, such as the design of
clinical trials[31]. The word research in the assessment’s title
matches the language commonly used by thelay population, as
in “going to Google to research a health topic,” which is
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indicative of such behaviors as searching, judging, and making
decisions.

The RRSA contains the following items: (1) multiple choice or
true/false questions that measure declarative knowledge; (2)
interactive, problem-based exercises that measure procedural
knowledge; (3) demographic questions; and (4) a question that
asksfor aself-report about thelevel of the respondent’sresearch
skills[31].

Declarative knowledge, defined as knowledge of facts or verbal
knowledge, is a precursor to higher-order learning, which is
needed, for example, to complete asequence of stepsto critically
analyze a website or to employ elegant information search
strategies [32]. Declarative knowledge questions in the RRSA
measure knowledge of plagiarism, health information sources,
and research-related terminology. For example, the following
item is used to measure knowledge of research-related
terminology:

Ajournal article abstract is...

1. anannotated list of references used in the article

2. asummary of the article’s content

3. asummary of other research on thistopic

4. a note or paragraph about the authors of the
article

5. aglossary of abstract concepts included in the
researcher’s model

Compared to declarative knowledge, procedural knowledge is
related to skillsand problem solving. Essential for reproduction
of learned behaviors, procedura knowledge is defined as
knowledge of the process used to complete atask (e.g., how an
information search process can be sequenced, organized, or
controlled) [32]. In the RRSA, problem-based interactive
exercises are used to measure procedural knowledge. Procedural
knowledge questionsinclude linksto websites, library catal ogs,
and interactive search modules designed specifically for the
RRSA. Students demonstrate their database navigation skills
by setting up basic and advanced searches. For example, the
following item is used to measure skill in conducting a search
using Boolean operators (and, or, not):

You are interested in gathering information about
work stress but are not interested in its medical side
effects. Set up a document search in a separate
window using the following keywords: stressmedical.
Click here to begin your search [a hyperlink to an
interactive online module similar to searches in
health-related library databases, such as Medline,
with text fields for entering key words and a choice
of Boolean operators]. Report the number of
documentsyou found: a) 255; b) 555; c) 700; d) 1164;
€) 55164.

In addition, students evaluate the quality of research
publications, make judgments about website trustworthiness,
and detect plagiarism. For example, the following item is used
to measure evaluation of the trustworthiness of websites:

You arelooking for information on various nutritional
supplements. You found three websites. Click on the
links below to examine each site and to evaluate its
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content. Which of these websites is the most
trustworthy? a) cognitogenic aids [a hyperlink]; b)
dormitogenic aids [a hyperlink]; c) vescorogenic
(gustatogenic) aids[a hyperlink].

I nstrument Piloting and Validation

To pilot test an earlier version of the RRSA instrument and to
gather initia evidence about its validity and reliability, we
administered a 60-item assessment to undergraduates (n = 100)
and doctoral students (n=45), aswell asprofessiona librarians
(n = 5) and health professionals (n = 3). The feedback from
librarians and health professionals offered preliminary evidence
in support of theinstrument’sface validity and content validity.
Specifically, the librarians confirmed that theitemsincluded in
the RRSA assessment conformed to the Information Literacy
Competency Standards and addressed knowledge and skills
important to health information consumers. The wording of
several items, both stems and response options, was revised
based on librarians' recommendations. In addition, thelibrarians
completed the assessment themselves. Their scores were then
compared to the scores of students at two academic levels,
undergraduate and doctoral. The results indicated that
individuals with greater training and experience in managing
digital health information performed better than individuals
with less experience. Undergraduate students’ overall scores
were the lowest (about 66% correct responses), followed by
doctora students' scores (73%) and librarians' scores (95%).
These results offer preliminary evidence of the assessment’s
criterion-related validity. The pilot test indicated an acceptable
internal consistency value (Cronbach alpha > .70), although it
could be improved (approach .80) if four items were removed.
Therefore, four RRSA items that reduced the overall internal
consistency were deleted.

The revised assessment contains 56 items, including 16
multiple-choice questions and 40 true/false questions grouped
under 7 stems (Multimedia Appendix 1). For example,
knowledge of information sources is measured by a stem that
states, “Which of these citations are to journal articles?” The
participantsthen check al that apply fromthelist of 6 true/false
items (3 references to journal articles, 1 book reference, and 1
book chapter reference). Items are scored as +1 if the answer
is acorrect positive or a correct negative and +0 if the answer
isafalse positive or afalse negative. Further description of the
development of the stimulus materials used in website eval uation
appears in the Results section, under Proficiency in Evaluating
Health Information.

The RRSA assessment was designed to be useabl e by morethan
oneingtitution. Itscontent can be adapted to the needs of various
educational programs. Specifically, instructionsto participants,
the text of individual questions, detailed feedback, links to
additional resources, and disclaimers (e.g., about participants
rights and how the information they provide will be used) can
be revised, without help from programmers, using the
password-protected online control panel. This has been done
by three US universities and one Canadian university that
adopted the RRSA for use in their academic programs. For
example, al four institutions revised search questionsto enable
their studentsto search for documentsin their own university’s
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library catalog. The original RRSA designers provide coaching
and training in order to ensure that the changes made to the
RRSA do not have a negative impact on its reliability and
validity. Ongoing validation studies provide a quality control
mechanism and allow the testing of new or revised questions
suggested by the partner institutions. The administration of the
RRSA to partner ingtitutionsis supported through grants, partner
donations, and volunteer efforts by the RRSA design team
members.

Other Measures

We asked the study participantsto shareinformation about their
age, gender, and education. Self-reported level of research skills
was measured with a single item, “How do you rate your
research skills?” with six response options ranging from 1
(nonexistent) to 6 (excellent).

Procedures

The RRSA instrument was administered online. Each student
was issued a unique pass to access RRSA questions. The
students had the option of submitting an incomplete survey and
then returning to it at a later time to finish the remaining
questions. Thisfeature promoted better information processing
and relieved the students from the need to rush and finish the
entire assessment on their first attempt. The average estimated
RRSA completion time was 26 minutes. Upon answering all
guestions, the students received an individualized results page
that summarized their performance in different areas by
providing a score, a maximum possible score, and percent
attained. In addition to the numerical RRSA results, the Web
page displayed individually tailored feedback composed by an
experienced librarian. The Web page was programmed to
compare, within each performance category, each individual
student’s performance to the performance of a norm group. In
accordance with the student’s competency level, the feedback
provided suggestions for skill improvement and an explanation
of factors that may have contributed to low, average, or high
performance in each area. Finally, students who completed the
RRSA were given the option to request additional materialsfor
remedial learning, such as an explanation of the difference
between scholarly and nonscholarly resources. The links to
these additional materials were delivered to students viaemail.

Data Analyses

Descriptive statistics were used to examine respondents
performance in four areas—searching for health-related
information, understanding plagiarism, evaluating health
information, and self-reported skill level. To examine the
relationship between self-reported skill level and actual
performance, we computed composite scores. A composite
overall score, which is indicative of the health information
competency level, was created by adding points for 56 items,
which were either true/false or multiple choice. Composite score
calculationswere preceded by aninternal consistency reliability
analysis that determined the appropriateness of combining
responses from multipleitems. We used a Spearman correlation
to assess the rel ationship between the actual skill level (overall
score) and self-reported skill level. A multiple regression
analysis was used to examine the relationship between actual
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performance and perceived skill while holding the amount of
education (number of credit hours earned) constant.

Results

Our research questions were the following: How proficient are
university students at searching for and eval uating health-rel ated
information? How well do they understand the difference
between peer-reviewed scholarly resources and opinion pieces
or sales pitches? How aware are they of their own level of health
information competencies? The results for each question are
presented below, preceded by a sample description.

Respondent Characteristics

The participation rate was 77%. Nonrespondents (n = 92)
differed from respondents (n = 308) in terms of their academic
level (tygo = 2.29, P =.02). Freshmen were slightly more likely
not to participatein the RRSA than seniors; the participant group
included 7% less freshmen and 10% more seniors than the
nonparticipant group. M ost respondents were female (77%) and
between 18 and 23 years of age (95%). The vast magjority of
respondents (98%) did not have a bachelor’s degree, and the
remai ning students were working toward their master’s degrees.
Because we administered the RRSA to students in health
professions courses, over onethird of respondentswere majoring
in health sciences. Common majors were athletic training and
sports medicine, health administration, physical education,
pre-physical therapy, and public health promotion. On average,
the undergraduates who participated in the study had completed
40 or fewer semester credit hours of university coursework. A
quarter of respondents reported earning over 71 credit hours.

Praficiency in Searching for Health Infor mation

Table 1 summarizes performance in searching for health
information. The data indicate that most students recognize
common health journal titles and can perform abasic searchin
alibrary catalog, for example, by entering an exact book title
into the title search. Few students, however, can perform an
advanced search for a book when they know the book’s author
(with avery common last name), general topic, and publication
date. We call this search advanced because imprecise book
specifications make it hard to find the book without performing
asearch that takesinto account all or nearly all of the available
information.

The data also show that two thirds of study participants are
unable to understand or apply Boolean operators, such as and,
or, and not. Boolean operators are used in most search engines,
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including those used for navigating the Internet (Google or
Yahoo), library databases with scholarly journal articles, and
library catalogs. Even though most students (89%) understand
that a one-keyword search is likely to return too many
documents, few are able to narrow a search by using multiple
search categories simultaneously or by employing the Boolean
operators. In addition, nearly half of the respondents have
trouble discriminating between primary and secondary sources
of information, aswell as between referencesto journal articles
or other published documents, such as books or book chapters.

Proficiency in Evaluating Health I nformation

One of the most important markers of a competent health
information consumer—critical judgment of information—is
assessed in two ways: (1) the first set of questions calls for a
review of three full-text articles from journals, and (2) the
second set of questions calls for a comparison of three
health-related websites.

The three journal articles are on the topic of job satisfaction, a
topic relevant to any profession, and come from a full-text
library research database. They include a rigorous empirical
study, a case study, and an opinion article. Only the empirical
study has a bibliography and an explicit statement about the
author's affiliation. The opinion article, clearly the least
authoritative source, makes no mention of the author's
affiliation. Asshownin Table 1, most respondents can determine
the article publication date; it appears at the top of a full-text
article. Many respondents can also identify an opinion article.
Fewer respondents know how to determineif an articleincludes
a research review and are able to check for the author's
affiliation.

Thethree Web pages about nutritional supplementsarerealistic
looking interactive screens that appear to be live websites. The
content of these mock websites, developed specifically for the
RRSA, includes graphics, hyperlinks, and text about nonexistent
classes  of nutritional supplements—cognitogenics,
dormitogenics, and gustatogenics. Each websiteis dedicated to
one class of supplement and explains its purpose (e.g.,
cognitogenics help peoplewith learning disabilities), prevalence
(e.g., “gustatogenic aids have been available in Germany and
Canada for over five years’), and safety. Even though the
descriptions of nutritional supplementswerefictitious, al three
websites accurately stated that the US Food and Drug
Administration did not evaluate the safety or benefits of these
nutritional supplements.
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Table 1. Searching and evaluating health information: performance on select measures (n = 308)

RespondentsWith Cor-

rect Answers

n %
Searching for Health Information
Knowledge of ascholarly source, Journal of American Medical Association (7) 293 95
Demonstration of a skill in locating a book in a university library catalogue based on its exact title (16) 286 93
Understanding that a one-keyword generic search may return too many documents—an overwhelmingly large number of 275 89
resources on a variety of topics (4)
Use of aproper research strategy—thinking about a broad topic to identify a sub-area of interest (2) 268 87
Ability to detect ajournal citation that isincomplete—lacks a year of publication (17) 241 78
Understanding of aterm “article abstract”—a summary of the article’s content (8) 234 76
Knowledge that ajournal is a source of scholarly (analytical) information on a narrowly specialized topic (6) 214 70
Understanding of aterm “bibliography”—alist of references or citations (9) 213 69
I dentification of a primary source of health information: medical record (14) 195 63
I(degltificati on of referencesto journd articlesfrom alist of referencesthat includesboth book referencesand articlereferences 187 61

11

Knowledge of a peer-reviewed journal article as an authoritative source of specialized health information (12) 185 60
Identification of a primary source of health information: hospital annual report (14) 173 56
Demonstration of a skill in locating abook in a university library catalogue based on a non-unique authors' name and a 111 36
genera topic (15)
Knowledge of Boolean operators (and, not, or) (3) 105 34
Demonstration of a skill in setting up and performing a search with Boolean operators (and, not, or) (13) 98 32
Evaluation of Information: Full-Text Journal Articles
Evaluation of journal articles: Identification of an article published prior to year 2000 (22) 248 80
Evaluation of journal articles: Identification of an article based on opinion rather than well-supported evidence (19) 242 79
Evaluation of journal articles: Identification of an article based on areview of existing research (20) 166 54
Evaluation of journal articles: Identification of an article written by an author whose &ffiliation is unknown (21) 148 48
Evaluation of Information: Websites on Nutritional Supplements
(Evi)dencebased decision-making: Disagree that “al three websites make a good case for taking nutritional supplements 187 61
25
Evaluation of health-related websites: Identification of the most trustworthy website (23) 154 50
Evaluation of health-related websites: Ability to identify the purpose of a website—to sell services (24) 42* 46
Evidence-based decision-making: Agree that “none of the websites makes a good case for taking nutritional supplements’ 67 22

(25)

"This question was added |ater, and, therefore, it had a smaller number of respondents (n = 92).
Note: RRSA question numbers are shown in parentheses; see Multimedia Appendix 1 for exact question wording.

To facilitate comparison of the three websites, we built in
standard features that provided clues about high or low
credibility. The standard features are URL s (two websiteswere
.org and one was .com), linksto the authors’ biographies, dates
of publication, references, disclaimers, and linksto organizations
with which the authors are affiliated. These features act as
contextua cluesthat maximize or minimize thetrustworthiness
of the websites. A review of such features is part of many
website eval uation recommendations (for example, in their 1999
publication, Kotecki and Chamness [11] draw evaluators
attention to a website's features rather than its text), yet it is
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unclear if health information consumers are able to compare
these features across multiple websites.

These standard features, rather than the text content, areintended
to differentiate the websitesin termsof their credibility. Because
all respondents are equally uninformed about the nutritional
supplements described in the text, they must attend to other
featureswhen making quality-related judgments. This purposeful
design was motivated by the desire to avoid the confounding
influence of pre-existing knowledge about the subject matter
described in the document that isbeing judged. A good measure
of one's ahility to critically evaluate Web pages is being able
to disentangle the judgment of a website's features from the
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judgment of its content. Study participants may have had
preconceived notions about the quality of nutritional
supplements depending on their purpose (e.g., cognitogenics
are for deeping disorders and gustatogenics are for appetite
suppression). To avoid a possible interaction between the
untrustworthy features of a website and the believable
description of the nutritional supplement, we asked a group of
students (n = 52) to judge the trustworthiness of the
supplements  descriptions presented as Microsoft Word
documents rather than as websites. Although the level of
trustworthinesswas about the samefor al nutritional supplement
descriptions, the least trusted nutritional supplements were
placed on the website with the highest number of untrustworthy
features.

When five subject matter experts independently reviewed the
three websites and rated their trustworthiness using the K otecki
and Chamness[11] website eval uation tool, they reached 100%
agreement regarding the most trustworthy site. In comparison,
undergraduates’ performance was much poorer: only 50% of
respondents were able to identify the most trustworthy website
(see Table 1).

Under standing the Difference Between Scholarly
Resources and Sales Pitches

Less than half of respondents determined the purpose of the
least trustworthy website, which was to sell products and
services. The visitors to this .com website are charged for
reprints of the content, offered discounted products, and
provided with multiple prompts (e.g., arunning line) to book a
consulting appointment with a private nutritionist who has few
relevant qualifications. Customer testimonials posted on this
site describe fantastic outcomes achieved within an
unrealistically short time frame.

Table 2. Understanding plagiarism: when references are needed (n = 308)

Ivanitskayaet a

Less than a quarter of study participants reached the correct
conclusion that none of the websites made agood casefor taking
the nutritional supplements, whereas 39% of respondents
thought that all three websites made a good case for taking the
supplements.

Under standing Plagiarism

Health care professionals are expected to share heath
information with others, for example, by summarizing
information from a variety of sources and distributing it to
patientsand clients. Higher education programs prepare students
to apply standard rules for acknowledging contributions by
others and referencing idea sources. Because this skill set is
expected to become an integral part of their professional ethics,
we built the RRSA to include measures of students' knowledge
of plagiarism, their ability to recognize it, and their awareness
of its penalties. Our results indicate that the vast majority of
students (92%) know that their university may impose a severe
penalty for plagiarism, up to and including expulsion. Table 2
and Table 3 display responsesto sample questions that measure
declarative knowledge of plagiarism. They show that many
students are aware that common knowledge can be reproduced
without references, whereas words written by others should be
enclosed in quotation marks and accompanied by a complete
reference. But when presented with more ambiguous examples
of plagiarism, some study participants demonstrated
misconceptions about what congtitutes plagiarism. A surprisingly
large number of respondents believed that it is appropriate to
present another person’s ideas as their own without citing a
specific source, especialy if this person is a relative or if the
original words have been dightly modified.

Which of the following can be reproduced without proper reference? Check all that apply:

RespondentsWith Correct Positiveor Negative

Answers

n %
Common knovvledge* 294 9%
Hospital board member’s point of view 264 86
My classmate’s ideas 232 75
Unpublished works 223 73
Spoken word 209 68
My dad’s political opinions 156 51

" Common knowledge can be reproduced without proper reference.

Note: Items are scored as +1 if the answer is a correct positive or a correct negative and +0 if the answer is afalse positive or a false negative.
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Table 3. Defining plagiarism (n = 308)

Ivanitskayaet a

Which of the following are plagiarism examples? Check all that apply:

RespondentsWith Correct Positiveor Negative

Submitting a free research paper that was downloaded off the Internet.”

Reproducing a sentence that you found quoted in abook without referring

Enclosing the word-for-word sentence in quotation marks, accompanied by a citation.

Copying from the source verbatim without any quotation marks but adding aci tation.”

Putting someone’s ideain my own words without citing a specific source.”

Using similar sentence structure to express another person’s ideas without
source.”

Answers

n %

290 95
to the original source” 276 0

271 88

215 70

201 65
referring to the original 169 55

"Theseitems are examples of plagiarism..
Note: Items are scored as +1 if the answer is a correct positive or a correct n

To measure procedural knowledge of plagiarism, we ask
respondentsto compare asentence from aHealth Affairsarticle
by Lapetina and Armstrong [33] to two other sentences that
may have been plagiarized (question 20). Over two thirds of
respondents (82%, n = 253) detected plagiarism in a sentence
that closely follows the original but provides no reference to
the original source. The percent of respondents who correctly
identified a sentence without plagiarism (89%, n = 275) was
comparable to the percent of respondents who knew that they
should enclose the word-for-word sentence in quotation marks
and cite the source (88%, n = 271, as shown in Table 3).

Awar eness of Personal Health I nformation
Competencies

When asked “How do you rate your research skills overall?’
most respondents (84%) believed that their skills were good,

egative and +0 if the answer is afalse positive or afalse negative.

very good, or excellent. To compare self-reported and actual
skill levels, we computed an overall health information
competency score for each participant. An acceptable level of
internal consistency reliability (Cronbach alpha = .78) for 56
right/wrong items indicates that it is appropriate to calculate
the overall score as the sum of points of these 56 items. The
overall scores ranged from 20 to 54 with a mean of 37 (SD =
6.35) and did not significantly depart from anormal distribution.

Actual performance was examined by self-reported skill level.
The group differences were mostly in the expected direction
(see Table 4), but there was a large amount of variation in the
overall score within each self-reported skill level. Thisindicates
that the overall health information competency score was high
for some students and low for other students, despite the fact
that their self-reported competency was the same.

Table4. Meansfor health information competency overall score by self-reported skill level

How do you rate your research skills? n Mean Overall Score SD
Nonexistent 0 - 0
Poor 3 36.33 4.04
Fair 47 34.89 5.52
Good 162 36.89 6.29
Very good 83 37.64 6.89
Excellent 13 36.77 6.10
Total 308 36.78 6.35

Health information competencies may vary as a function of
education; therefore, we regressed undergraduates overall
scores on the amount of credit hours earned toward the
bachelor’s degree (Step 1) and self-reported skill level (Step 2).
The level of education was operationalized as the number of
credit hours earned (0-9, 10-24, 25-40, 41-70, and more than
71). The analysiswas conducted for 302 undergraduate students
(six graduate students were removed from this analysis). Age
could not be used as a control variable because most students
(95%) fell into the same category of 18 to 23 years of age. The
variables entered on Steps 1 and 2 account for 8% of variance

in the overall score (R? = .08). The amount of education
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significantly predicted the overall score (3 = .28, P < .001).
When credit hours earned were held constant, self-reports of
skill fail to explain a significant amount of variance in the
overall score (3 =.08, P =.23). Overall, the results suggest that
although students’ self-ratings of research skillstend to increase
with the increasing level of education, these self-reports may
not be an accurate predictor of students actual health
information competencies.
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Discussion

I nterpretation of Findings

The present study represents a systematic effort to measure
health information competencies using a standardized and
reliable  measurement tool, the Research Readiness
Self-Assessment (RRSA). Thedatawere obtained from adiverse
sampleof 308 respondents (77% responserate). Nonrespondents
(n = 92) differed from respondents (n = 308) in terms of their
academic level: freshmen were dightly more likely not to
participate in the RRSA than higher-level students. The most
likely explanation for nonparticipation is a lack of interest in
extracredit rather than the computer-assi sted administration of
the RRSA. It is possible, of course, that students with
particularly poor computer skillsfound the online administration
a barrier. However, a semester after we collected the data
reported in this paper, there was a 100% participation rate by
180 undergraduates in two introductory courses where the
instructors required RRSA completion. The two course
instructors reported no student complaints about not being able
to follow emailed instructions on how to complete the
assessment.

The data indicate that many students lack important
competencies that may limit their ability to make informed
health choices. We observed deficiencies in the areas of
conducting advanced searches, discriminating among different
types of information sources, referencing other people'sideas,
and evaluating information from Web pages and journal articles.
Our data suggest that undergraduate students are inaccurate
judges of their own competencies and hold avery positive view
of their ability to do research. This finding may revea an
important barrier to building health information competencies
of college-age students.

We found that there is a large competency gap between the
average and the best information consumer. An average
undergraduate in our sample is able to solve only 68% of
problemsthat are solved by the best performing study participant
(an average score of 37 versus amaximum score of 54). Health
information competencies are applied to transform health-related
information into knowledge that is consistent with the most
current medical practice. High competence variability isaproxy
indicator of students' varying ability to make evidence-based
decisions. In the past, limited access to information may have
prevented health information consumers from acquiring
knowledge and making informed choices. The new generation
of health information consumers has, for the most part, easy
access to information; yet it may not be able to take full
advantage of this convenient access.

Our study showsthat individual swith limited health information
competencies may fail to locate the best available information
due to employing poor search strategies. Searches that do not
take into account al of the important criteria often produce
low-relevancy documents or documents from commercial
websites that promote products or services. These sites often
present one-sided evidence, which can be detrimental to making
agood decision about one's health. Overall, many students are
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rather unsophisticated information consumerswho rely on basic
searchers and the easiest ways of retrieving information.

We found that many individuals know little about information
sources—primary versus secondary, articles versus books,
commercial versus noncommercia websites, and opinion pieces
versus empirical studies. Information consumers who do not
understand these distinctions arelikely to engagein information
processing that is shallow and superficia. They may, for
example, follow a search path that produces the highest number
of documents, rather than a path that produces documents of
the highest quality. When the number of documents criterion
is applied, Google and Yahoo significantly outperform all
scholarly databases available through libraries. For instance, a
Google search for the keyword health produces, in less than a
second, over 8 million results ordered by popularity (as of June
2005, 25% of these results had .com URLs and 16% had .org
or .gov URLS), whereasimilar search in Medline Plus produces
665 results, organized by health topic. With heavy reliance on
public-access Internet search engines, an Information Age
generation student may have an inaccurate conception that the
Internet is the only place where society stores its best
knowledge.

Once the plethora of documents is obtained, they need to be
critically evaluated. Although health consumers are warned to
critically examine websites to determine the document’s
purpose, author’s affiliation, date of publication, and other
features[11-14], these website eval uation criteriaare only useful
to those who know how to apply them. Many students in our
sample appear not to possess these skills, and this finding is
consistent with other observational studies (e.g., [17]). Our
website evaluation exercise reveals both poor judgment and
readinessto follow the lead, even when the authors of the online
documents do not explicitly ask for purchase of their products.
Although we measured abehavioral intent, rather than an actual
behavior, there is still asignificant potential for harm, ranging
from financial losses to negative health effects, if only a few
individuals execute their intent to take nutritional supplements
that can be best described as“fake” or “bogus.” Aswe designed
the most trustworthy website for the RRSA, it was alarming to
witness the ease of misrepresenting or even falsifying health
information. In designing the trustworthy site, we tried to meet
as many website evaluation criteria as possible, and it became
very apparent that these criteria do not guarantee information
accuracy. Even completely false information about nonexistent
food supplements can be made to appear trustworthy, asthough
it comes from an authoritative source.

Indeed, there is no substitute for good judgment when it comes
to navigating information. Because this good judgment is a
product of both critical thinking and extensive knowledge of
the subject matter being researched, we believe that higher
education programs are uniquely positioned to develop health
information competencies. However, initial work on developing
Information Age competencies needs to be done at the K-12
level when children are beginning to be exposed to various
sources of information, including the Internet.

In this study, we reviewed three broad categories of information
competencies—obtaining information, evaluating information,
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and using information. Using information includes such
behaviors as reaching evidence-based conclusions and sharing
information with others, a behavior guided by one's
understanding of plagiarism. One study of plagiarism revealed
that cyberplagiarism, or inappropriate use of phrases and ideas
published on the Internet, is prevalent even among scholars
[34]. Our findings suggest that, in college students, the
plagiarism behavior may originate not only from motivation to
cut corners (e.g., to cut-and-paste text without citations) but
also from thelack of nuanced knowledge about plagiarism. The
information revolution has rapidly intensified the exchange of
ideas, but the distinction between plagiarism and proper
acknowledgment of others' ideas continues to be poorly
understood. Many students, for example, think that they do not
need to provide references for paraphrased sentences or for
sentences whose structure they modified. Perhaps these students
view plagiarism as a violation of ownership of exact words
rather than a violation of ownership of ideas. Similarly, some
respondents believe that it is appropriate not to give credit for
original ideas that are expressed oraly (rather than in writing)
or by people whom they know well. If carried into one's
professional life, this misconception can make it difficult to
follow ethical norms for recognizing others knowledge
contributions.  Such ethical norms are strong in health
professions, and their violation may lead to negative
consequences.

Perhaps the most interesting finding is the fact that participants
are so unaware of their own skill deficiencies. It is possible that
students make global judgments about their research skillsbased
primarily on their ability to access information. That is, one’'s
ability to accessinformation may be confused with one's ability
to generate knowledge from the information accessed. But
obtaining information is merely the first step of knowledge
acquisition. All of our study participants can accessthe Internet,
as demonstrated by completing the RRSA online, but not all
may be able to make good use of the information they access.
Extending the argument by Solomon and Leigh [9] from
television to Internet search engines, we concludethat the effort
anindividua expendsto locate millions of documentsin Google
is a poor indicator of the true effort needed to process the
obtained material “if one aimed at a deeper understanding of
it” [9]. The Information Age generation of college students may
benefit from this point.

Implications for Health Promotion Practice

The findings of our study have several implications for
individualswho practice health promotion for health information
consumers. Health educators, librarians, and other professionals
who play an active part in promoting health information literacy
need to assist health information consumers in becoming more
aware of their skill limitations. These professionals should
develop their own proficiency in managing modern mediaand
be able to find, evaluate, interpret, and present health-related
information to other information consumers. Research on health
information competencies of practicing health professionals
remains limited, and we do not yet have a complete picture of
their preparednessfor evidence-based practice. But in one survey
study of 1097 registered nurses, it was found that many
respondents “had no exposure to the research process in their
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educational programs, do not appreciate the importance of
research to practice, and have great difficulty understanding
research articles’ [35]. In this study, most registered nurses did
not search databases such as Medline or felt skilled to do so.
This preliminary evidence suggests that health professionals
need to build their health information competencies.

The RRSA instrument offers an operational definition of
information literacy, which remains an ill-defined concept.
Upon examination of 97 Medline articles on the topic of
information literacy for health care professionals, Saranto and
Hovenga[36] found that the concept of information literacy has
not yet been established. It is sometimes used interchangeably
with computer literacy and informatics awareness or with the
ambiguous term computer experience. The RRSA assessment
used in the present study addsto theliterature on health literacy
by defining basic knowledge and skills needed for managing
electronic health information resources.

Among the limitations of the present study is the narrowly
focused sample, which limitsour ability to generalizethe study’s
findings to the broader population of health information
consumers. The studentsfrom aMidwestern university may not
be completely representative of the entire population of US
Information Age students, due to, for example, the relatively
homogeneous  ethnic  composition  and  possible
overrepresentation of individuals raised in rural communities.
In our future studies, we intend to broaden the pool of RRSA
participants by including multiple educational institutions as
well as urban and rural communities located in different
geographic regions.

In contrast with many health information literacy studies, this
research presentsthe results obtained viadirect measure of skills
and knowledge rather than via self-reports by health information
consumers. While the reliability of the RRSA assessment
reaches acceptable levels, it is necessary to further assess its
unidimensionality, content validity, and criterion-related
validity. A comprehensive validation study of the RRSA
instrument is currently under way.

Conclusions

Today, health consumers are actively seeking information and
using it to make health decisions. The ease of accessing
information may influence their perceptions of their ability to
make informed health decisions. Our study showsthat to become
savvy information consumers, young people may need assistance
in understanding the various health media, building awareness
of their own skill sets, and improving their ability to make
evidence-based decisions. Individuals with less education and
exposure to information-related activities are expected to have
even lower health information competencies than our study
participants [37]. Health educators must continue to partner
with avariety of groupsthat play animportant rolein promoting
health information literacy, such as librarians and educators.

The assessment tool used in the present study is a
self-administered instrument that provides areliable account of
health information competenciesrelated to managing electronic
health information. Data acquired through this research can be
used to suggest curriculum improvements and estimates of the
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higher end level of skill held by health information consumers.  many of whom will soon enter a variety of health professions,
It can also be used to educate health information consumers  arelimited. Health literacy educators can utilize RRSA findings
about their levels of skill necessary for managing health to design educational interventions that impact information
information from electronic sources. RRSA findings suggest consumers' skills and prepare them for the challenges of living
that health information competencies of undergraduate students,  and working in the Information Age.
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(J Med Internet Res 2006;8(2):e11) doi:10.2196/jmir.8.2.e11

| found thetitle and description of the recent review by Griffiths  transparent nor replicable. The authors note that they did not
et a. [1] misleading. The authors describe their paper as "a "set out to identify every published eHealth intervention paper"
systematic review". However, the article fails to cite severa  yet give no reason to believe that the sample obtained is
published (and indexed) trials of internet-delivered therapy (e.g.  representative of the population of studies being reviewed.
[2]). The search strategy and inclusion criteria were neither
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Author's Response

We thank Evan Mayo-Wilson for raising the issue on how
systematic and exhaustive our search for our recent qualitative
analysis [1] was. This was not a systematic review as in a
common usage of the term for example by the Cochrane
Collaboration. We used systematic methods to undertake a
qualitative review of the literature on health care interventions
delivered over the Internet. To identify common themesit was
important to identify abroad range of published studies but we
did not feel that it was necessary to be exhaustive. In our paper
we describe in some detail how we identified the literature
including the use of three existing systematic reviews, a hand
search of JMIR and our own previously published literature
review. Through the triangulation of these search approaches
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we aimed to identify the main body of relevant literature. We
realise we may not have identified every published paper of
relevance.

Thank you for drawing our attention to the paper by Klein and
Richards [2]. This paper would be excluded from our review.
As mentioned in our paper the focus of our review was
interventions where the networking provided by the Internet is
a component of the intervention. One of our exclusion criteria
was “no networked features, such as computer-based decision
support systems delivered from a CD or interventions where
there was no use of the Internet beyond delivery (ie, they could
have been delivered by a CD)”. From the description of the
intervention in the Klein and Richards paper it appearsto have
no networked features.
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Abstract

Background: Persona digital assistants (PDAS) find many uses in health care. Knowing rates of collective PDA use among
health care providersis an important guiding step to further understanding those health care contexts that are most suited to PDA
use and whether PDASs provide improved health outcomes.

Objectives: The objectives of this study wereto estimate current and future PDA use among health care providers and to discuss
possible implications of that use on choice of technology in clinical practice and research.

Methods: This study was a systematic review of PDA usage surveys. Surveys were identified as part of an ongoing systematic
review on the use of handheld devices. Reportsfrom eight databases covering both biomedical sciencesand engineering (1993-2006)
were screened against distinct eligibility criteria. Data from included surveys were extracted and verified in a standardized way
and were assessed descriptively.

Results: We identified 23 relevant surveys, 15 of which were derived from peer-reviewed journals. This cohort of surveyswas
published between 2000 and 2005. Overall, since 1999, there is clear evidence of an increasing trend in PDA use. The current
overall adoption ratefor individual professional use ranges between 45% and 85%, indicating high but somewhat variable adoption,
primarily among physicians.

Conclusions:  Younger physicians and residents and those working in large and hospital-based practices are more likely to use
aPDA. The adoption rateisnow at its highest rate of increase according to acommonly accepted diffusion of innovations model.
A common problem with the evaluation of information technology is that use frequently precedes research. Thisisthe case here,
in which PDA adoption rates are already high and projections are for rapid growth in the short term. In general, it appears that
professional PDA usein health care settings involves more administrative and organizational tasks than those related to patient
care, perhaps signaling where the growth in adoption is most likely to occur. We conclude that physicians are likely accustomed
to using a PDA, and, therefore, technology expertise will probably not be a barrier to implementing PDA applications. However,
there is an urgent need to evaluate the effectiveness and efficiency of specific tasks using handheld technology to inform those
devel oping and those using PDA applications.

(J Med Internet Res 2006;8(2):e7) doi:10.2196/jmir.8.2.e7
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Introduction

A handheld computing device, also commonly known as a
personal digital assistant (PDA), is a mobile computer about
the size of the palm of the hand. More modern devices can
access external networks or the Internet through a wireless
connection. Since 1993, when Apple launched the first PDA
(Newton MessagePad), use of PDAS has increased worldwide,
with global PDA sales projected to surpass 17 million in 2008.
This represents a compounded annual growth rate of 17.8%
between 2002 and 2008 [1].

Health care has not been immune to this technological advance
in handheld computing. In fact, PDAs find many applications
in health care. Family physicians and specialists have been using
PDAsfor general medical reference, such as drug interactions,
pharmacopeias, and cardiac risk [2-4]. Other important
applications of PDAs are those involving data collection and
management, as in patient tracking, electronic Case Report
Formsin clinical trias, patient diaries, and infection surveillance
[4-9]. However, the suitability of PDAs across all health care
contexts and whether they benefit health outcomesremain open
guestions.

Many of us would agree that it is necessary to evaluate a
technology before its adoption to allow health care providers
to make informed decisions. However, given that technology
is amoving target, a common problem with evaluation is that
practice frequently precedes research. By the time researchers
have obtained funding, completed a study, and published it, the
technology is either in widespread use or has been abandoned
[10]. As well, the appropriate type of evaluation is not
independent of the stage of adoption of the technology. For
example, if 90% of the target users have aready adopted a
technology, then studies evaluating its general utility will no
longer inform the adoption decision. In this case, research should
focus on optimization of the technology in use. Thisisafamiliar
scenario in information technology research, and it underscores
theimportance of understanding the rates of adoptionin helping
direct approaches to research [10].

In agenera overview article, Fischer et al (2003) summarized
the current literature covering the use of handheld devices in
medicine, primarily related to PDA functionality [4]. While
implementation issues were discussed, rates of adoption were
not addressed. Further, a recent review of PDA use in health
care by Baumgart (2005) examined operating systems, basic
functionality, security and safety, and limitations of PDA use
[11]. It isathorough overview of studies published since 2000
that addresses applications of handheld computers for health
care professionals, but it touches only briefly on the prevalence
of handheld use. Therefore, to our knowledge, there has not
been any structured review conducted to date that specifically
addresses the extent of use of handheld devices and estimated
adoption rates. As such, this paper aims to systematically
summarize all available survey data on health care providers
use of PDAs with the view of presenting the best available
estimates of current PDA use. This paper also aims to project
expected future adoption based on established technology

http://www.jmir.org/2006/2/e7/
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diffusion models. From this information we draw implications
for research and practice.

Methods

For the purposes of this systematic review of surveys, the term
PDA is used synonymously to refer to any handheld device.
Some examples include the following: Blackberry; Palm
operating system devices, which include Palm Tungstens,
Handspring Visor, and Sony Clie; and Pocket PC devices, which
include the Compag iPAQ and HP Jordana.

Data Sources

Surveys were identified as a subset selected from a broader
systematic review examining all studies related to handheld
devices in hedlth care settings. Thus, initial search strategies
and retrieved articles reflected this more extensive focus. This
comprehensive literature search was conducted in consultation
with an information specidist. The searched bibliographic
databases covered both medical and engineering disciplines,
including the following eight databases. Medline, Current
Contents, Inspec, BA/RRM, Biotechnology, Biological
Abstracts, EI Compendex, and EMBASE. The search was
restricted to English-language literature published January 1993
(corresponding to the development of the first palm device) to
February 2005. An updated search of Medline (PubMed) and
El Compendex (El Village 2) was run near the project’s
completion (January 30, 2006).

Furthermore, the reference lists from included studies were
examined in an effort to identify additional surveysnot captured
in the reference databases. In addition, surveys identified from
Google searches and those known to the authors to have been
conducted by private market research firmsaswell asphysician
groups were nominated for inclusion in our screening.

Electronic Search Strategy

Theintent of searching the biomedical databaseswasto retrieve
all studies related to handheld devices in health care. It is for
this reason that the word survey was not included as a specific
termin the original search strategy. The search did include the
sample search termsdetailed in Appendix 1. The search strategy
for engineering databases limited retrievals to those articles
relating to both handheld computing and health. All
bibliographic databases were searched using subject headings
tailored to each database and free-text terms in the titles and
abstracts.

Eligibility Criteria

Surveys were included for this present review if they met the
following initial criteria: related to an application in human
health care and involved the use of a PDA device; contained
original data; written in English (not including abstract or
conference proceedings); published after 1993; and specifically
reported handheld usage rates (prevalence of PDA use as a
metric) in populations of health care professionals who were
surveyed about the extent of their PDA use. Although
conference proceedings were excluded, if deemed potentially
relevant, a cross-check was conducted to see if there was an
ensuing journal publication. A survey was not included if the
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handheld device being evaluated had undergone extensive
custom modifications. A final set of unique references was
identified and posted to the proprietary Web-based screening
system SRS (Systematic Review Software).

Selection Process

The selection process for this present survey review consisted
of two phases. First, it began with a screen of full-text articles
that had already been retained because their title, abstract, or
keywords suggested they contained relevant information on
PDA use in health care settings. Therefore, for assessment of

Garritty & El Emam

relevance, surveys were included if they appeared to contain
pertinent study information and if there was no unequivocal
reason for exclusion. Second, upon updating the searches,
authors returned to the screening of the title, abstract, and
keywordsfor each citation strictly to identify potentially relevant
and most recent PDA usage surveys. Eligibility criteria were
applied to the full-text surveys, which were reviewed
independently by two reviewers (CG and KE). Disagreements
were resolved by consensus. Figure 1 provides a modified
QUOROM flow chart outlining the process for selecting
identified PDA usage surveys.

Figurel. Modified QUOROM Flow Chart for Identified PDA Usage Surveys

816

Full-text articles that underwent relevance assessment for the comprehensive systematic review on
PDA use in health care (level 2 relevancy assessment)

- 3 Unable to obtain

641 Failed to meet inclusion criteria of general PDA review:
- 310 Mo formal evaluation of PDA use (including surveys)
- 70 Abstracts or conference proceedings
- 1B Report did not contain original data/not a primary study

- 240 Mot a survey (still to be evaluated further for concurrent PDA review)

5 Relevant surveys reviewer nominated

<«

f From 180 studies deemed relevant to the comprehensive review, 18 unique surveys were identified as also
meeting the inclusion criteria of “relevant PDA usage survey™ (present study)

(February 2005 to January 30, 2006)

959 Records refrieved from updated search of Medline (PubMed) and El Compendex. (El Village 2)

12 Duplicates removed

SUMVEYS

847 2006 Update screening of titles & abstracts strictly to identify relevant & most recent PDA usage

—

943 Abstracts/titles failed to meet primary inclusion criteria for present survey review (jg, a survey
assessing PDA use among health care professionals)
- B19 Mot related to PDAs or handheld computers
- 125 involved PDA in study context (eg, assessed impact of PDA use in varying contexts;
data collection method) but unrelated to direct PDA usage data

1 unable to obtain

1 (of 4) reviewer nominated by the authors from update 2006
- 3 surveys excluded: 1 due data presentation, 1 due to difficulties with data interpretation,

23 Unigue surveys were identified

http://www.jmir.org/2006/2/e7/

JMed Internet Res 2006 | vol. 8 | iss. 2 |7 | p.65
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Data Abstraction

The contents of each included survey were abstracted by one
reviewer (CG), with an additional research assistant providing
verification (TR).

Analysis

The data from al included surveys were extracted in a
predefined, standardized fashion with abstraction verified by a

http://www.jmir.org/2006/2/e7/
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second person and assessed descriptively (Appendix 2). Quality
assessment methods for descriptive study designs such as
surveys have not been established. Although some assessment
frameworks exist for assessing survey research [12,13], none
of them have been validated or empirically shown to include
criteriathat are associated with the reduction of biasin empirical
surveys. Therefore, survey quality was not formally assessed.
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Table 1. Included surveys
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Year of Survey/Publi- Author Prevalence of PDA Use Health Care Professional Group
cation
1 1999/2000 Hucko [18] 15% (usein clinical work) Physicians
2 NS2001 ACP-ASIM [19] 47% (usein clinical work) Specidlists (Internists)
3 2001/2001 Versdl” [20] 60% (usein practice) Physician Executives (organizationa survey)
4 2001/2001 Martin [21] 19.3% (usein clinical practice)  Physicians & Specialists
5 2001/2001 Taylor [22] 26% (usein practice) Physicians
6 2001-2002/2002 AAP[23] 38% (NS) Specialists (Pediatricians)
7  2000-2001/2002 Criswell” [24] 67% (usein practice) Residents (Family Medicine) (organizational survey)
8 2001/2004 Miller [25] 26.2% (office-based use) Physicians
9 2001/2004 Balen [26] 33% (use a work or home) Pharmacists
10 2001-2002/2004 Barrett [27] 75% (usein practice) Medical Residents
11 2002/2002 Martin [2] 27.9% (usein clinical practice) Physicians & Specialists
12 2002/2002 Versd” [28] 33% (usein physician offices) ~ Physician Executives (organizational survey)
13 2002/2003 McCleod [29] 46% (useat medica ingtitutions)  Specialists, Medical Residents, & Fellows (Internists)
14 2002/2004 Carroll [30] 35% (use at work) Specidlists (Pediatricians)
15 2002/2004 DeGroote [31] 61% (use on an academic health Health Sciences Faculty & Medical Residents
science campus)
16 2003/2003 Martin [32] 32.9% (useinclinical practice) Physicians & Specialists
17 NS2003 Vincent [33] 36% (useaoneorinconjunction Medica Residents (Family Practice)
with log-card procedure in docu-
menting)
18 2003/2003 Versel™ [34] 75% (carry & use PDAS) Physician Excutives (organizational survey)
19 2004/2005 AMA/Forrester [14] 57% (use regularly in awork Physicians, Specialists (Surgeons), & Medical Residents
week)
2D 2004/2005 Wilden [35] 91% own; 85% use on daily ba-  Specidists (Anestheol ogists)
sis; 9% weekly; 215% monthly
21  2001/2005 Stromski” [36] 64% of programsreport “most  Medical Resident Programs (Emergency Medicine) (or-
or al” residentsuse for clinical  ganizational survey)
purposes
2 NS2005 Stroud [37] 67% (NS) Nurse Practitioners & Students
2B NS2005 Boonn [38] 45.1% (own or use daily) Specidlists (Radiologists)
NS/2004 JoyT [17] Difficult to interpret thepreva-  Medical Residents (Obstetrics & Gynecology)
lence numbers among the resi-
dent respondents
2004/2005 National Physician Sur-  Unable to establish overall Physicians, Specidlists (various), & Medical Students

vey (Canada) ' [15]

prevalence due to way data have
been presented,;

48.6% of medical students have
aPDA (athough unable to infer
use)

Note: An excerpt from the “ Taking the Pulse” study published in October 2004 by Manhattan Research [16] reports that 40% of al US physicians
currently use a PDA, increasing from 35% in 2003. However, for this present review, the authors were unable to obtain afull copy of the report in
spite of having contacted Manhattan Research on two separate occasions (February 2006).

NS=

not specified

*Survey conducted at organizational level (vsindividual level responses)
TSurvey of PDA use but prevalence data could not be established (referred to descriptively only)
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Results

From atotal of 816 full-text articles that underwent relevance
assessment for a systematic review of the literature examining
broad-ranging PDA use in health care, a subset of 18 surveys
reporting PDA prevalence rates were identified (see Figure 1).
Additionally, upon updating the search, an additional 959
records were retrieved and screened, from which 5 additional
unique surveyswereincluded. Furthermore, atotal of 8 surveys
were reviewer nominated, 3 of which were identified upon
updating. Unfortunately, the authors were not able to obtain
access to one Internet market research report. Prevalence
numbers from 2 surveys were found too difficult to interpret,
and, therefore, these data could not be utilized further in our
results; however, we refer to both studies descriptively.

Itisfrom this pool of literature that atotal of 23 unique surveys
wereidentified (Table 1):15 were published articlesin scientific
journals, and 8 were nonacademic, reviewer-nominated citations
that were either reports available for purchase, press releases,
or trade magazine articles and thus not subject to formal peer
review. Of these 8 surveys, 5 were conducted by Internet market
research firms, 2 were conducted by physician groups, and 1
was conducted by a market research firm in conjunction with
aphysician group (American Medical Association).

Survey Characteristics

The included surveys were published between 2000 and 2005,
with survey data collected between 1999 and 2004. One survey
had a four-year lag between data collection and publication,
three surveys had a lag of three years, and three surveys had a
lag of two years. We were unable to determine publication lag
in four surveys as no data collection dates were provided.
Surveyswere from the United States (16), Canada(4), Austraia
(2), both the United States and Puerto Rico (1), and both the
United States and Canada (1). Survey methodology reflected
thefollowing: self-administered questionnaires distributed solely
by mail (11); telephone interviews (2); Web-based online
surveys (4); and combined distribution by electronic or postal
mail as determined by the recipient (4). Two studies did not
report the methodol ogy used. Response ratesranged from 5.7%
t0 92.6% across 13 of the included surveys; 10 surveys did not
report such rates.

http://www.jmir.org/2006/2/e7/
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PDA Use

In presenting the results, we group the PDA users by type of
health care provider and personal characteristics (eg, age).

In terms of PDA use, physician specidists were surveyed
exclusively in five surveys. Three surveys examined practicing
physicians, threeincluded physicians and specialists combined,
two included medical residentsexclusively, whiletwo surveyed
an amalgam of physicians, specialists, medical residents, and/or
students. Three surveys targeted physician executives and
organizational practice leaders. One survey was directed at
directors of family practice residency programs, while afurther
survey targeting individual PDA use in emergency medicine
resident programs was completed at the organizational level.

In addition to physicians as users of technology, one survey
targeted practicing hospital pharmacists and another targeted a
national sample of nurse practitioner students and faculty. One
survey included faculty and residents across several health
science disciplines, including medicine, dentistry, nursing,
public health, pharmacy, and applied health science.

To more accurately reflect handheld use across time, reported
surveys were examined, when possible, from the timepoint
when survey datawere collected versus when published. When
not possible, the publication date was the reported timepoint
used. Collectively, the included surveys do indicate that PDA
use is high, albeit somewhat variable, across studies. The
reported prevalence rates of PDA use lend themselves well to
an estimation of trend over time (Figure 2), and, as such, since
1999, there is evidence of an increase in PDA usage. Results
do not include surveys completed at the organizational level.
Surveys are presented according to data collection dates, with
the exception of the American College of Physicians study
(2001) [19], Stroud (2005) [37], and Boonn (1995) [38], which
report publication dates only. The noted drop in 2003 is dueto
the paucity of surveys conducted inthat year. Based on the most
recent survey statistics (2004/2005), the current overall adoption
rate varies between 45% and 85%, as derived from individual
level survey data. In addition, of the five surveys completed at
the organization level (eg, physician executives or medical
program directors speaking on behalf of their individual
members), the PDA use of their group members was estimated
to be 60% (2001) [20], 67% (2001) [24], 64% (2001) [36], 33%
(2002) [28], and 75% (2003) [34].
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Figure 2. Range plots of PDA usage by health care providers (n = 17); middle points represent range medians
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To elaborate on the percentage of overall adoptionsrates, aUS
survey of 769 practicing physicians conducted in 1999 found
that only 15% of physicians use a PDA in practice [18]. In a
2000/2001 survey of directors of family practice residency
programsin the United States and Puerto Rico, use of handheld
computersby either anindividual or group wasreported in 67%
of theresidency programs[24]. In 2001, 47% of 489 US-based
internists surveyed were using a PDA [19]. A subsequent 2001
survey of 834 practicing physicians found that the proportion
using PDAs had increased to 26% [22]. If we only look at
professional use, then theincreaseisfrom 10% in 1999 to 18%
in 2001 [22]. Among anational sample of practicing physicians
surveyed in 2001, 26% reported using PDAS for office-based
work [25]. In 2001/2002, 38% of 696 office-based physicians
indicated that they used a PDA in their practice [23]. Of
practicing hospital pharmacists surveyed in 2001, 33% reported
using a PDA at work or home, with 28% using one on a daily
basis [26]. These numbers reflect both types of use: personal
and professional (ie, as an integral part of everyday practice).
In 2001, 75% of residents in ateaching hospital reported using
their PDA on a daly basis [27]. In 2002, 35% of US
pediatricians were using a PDA at work, and 40% had one for
personal use[30], and 46% of internal medicine physiciansand
residents were reporting PDA use [29].

In Canada, similar PDA use datahave been collected since 2001
as part of the annual Physician Resource Questionnaire
conducted by the Canadian Medical Association. PDA use
among physicians increased from 19% in 2001 [21] to 28% in

http://www.jmir.org/2006/2/e7/

2002 [2] and to athird in 2003 [32]. These data conclude that,
in 2003, athird of Canadian physicianswere using PDAS, which
marked a 73% increase from 2001. Further, more than 50% of
Canadian medical doctors under 35 years of age reported that
they were using a PDA or wireless device in clinical practice
[32]. The data did not differentiate type of professional use.

In a PriceWaterhouseCoopers survey in 2001, 60% of the
physician executives who responded indicated that their
organization had at least one physician with a PDA [20].
Reportedly, this represented an upward trend from 26% in a
similar 2000 survey. Further, in 2003, the trend continued, and
75% of respondents reported that their organization’s physicians
were using PDAS. Thisincreasein PDA use came after a steep
decline to 33% in 2002 [28,34]. A sample of health science
faculty and medical residents was surveyed in 2002 about their
PDA use. Combined results from the various faculties and
residents indicated that 61% used a PDA [31].

In 2004, 57% of a sample of US physiciansindicated that they
regularly used ahandheld computer in atypical work week [14].
Results obtained in 2004 from a survey of members of the
Austalian Society of Anaesthetists indicated that 91% of
respondents owned a PDA; 85% reported using it on a daily
basis, and 66% werereportedly “ dependent” upon the handheld
device, although the term dependent was not defined [35]. In
2005, when physician members of the Radiologicia Society of
North Americawere surveyed, 45.1% reported owning or using
a PDA on a daly basis [38]. However, the survey authors
suggested use among this group of specialists appeared to be

JMed Internet Res 2006 | vol. 8 | iss. 2 |e7 | p.69
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

lower than for other physicians because aradiologist often works
in front of afull workstation in clinic and therefore relies less
on a mobile device. Further, PDASs are not yet well equipped
to handle the tasks radiol ogists need to perform. In 2005, Stroud
et al became the first group of researchers to address the use of
PDAs in thefield of nursing. Survey results concluded that the
majority (67%) of participants used this technology [37].

While PDA use has clearly increased since 1999, it appears as
though only ahandful of studies have examined the prevalence
and usage patterns of such technology outside of physician
groups. Furthermore, when comparing the included surveysin
depth, distribution of use is not uniform across selected
characteristics of surveyed health care professionals. Therefore,
further subgroup analyses from the included surveys are
provided below. Patterns of handheld use are also briefly
examined.

Patterns of PDA Usage

Age

Based on asurvey of 250 family physicians, asfar back as 1995,
younger physicians (Iessthen 40 years of age) were morelikely
to consider carrying ahandheld computer than older physicians
(94% vs 84.5%) [39]. More recent datafrom this present review
also suggest an age differential in usage patterns. A 2001 survey
of 834 US practicing physicians found that use of handheld
devices was higher among doctors under age 45 (33%) than
among older doctors (21%) [22]. Another study found that
pediatricians graduating from medical school in the last five
yearswere more likely to use aPDA in practice than those who
graduated more than five years ago [30]. According to asurvey
conducted by the American Academy of Pediatriciansin 2001,
PDA use was highest among those members under 30 years of
age, with areported usagerate of 75% [23]. Ancther study found
that 60% of US internists below 40 years of age used a PDA,
while only 34% older than 51 years did [19]. McLeod et d
(2003) aso found that PDA usage captured in 2002 among a
sample of internal medicine physicians and residents under 30
years was much higher (68%) versusthose over 40 years of age
(37%) [29]. In Canada, 2003 usage was highest among younger
physicians, with more than half of those under the age of 35
years (53%) using a PDA, compared with 15% of physicians
aged 65 or older [32]. According to the American Medical
Association/Forrester Research 2005 Physician and Technology
Study, more doctors under the age of 40 years were reportedly
using PDAs (55%) than those over 40 years (45%) [ 14]. In 2005,
the mean age of nurse practitioners and students who reported
using a PDA was 42 years [37].

Students and Medical Residents

Residents tend to be younger, therefore it follows that they are
more likely to use PDAs. This is aso substantiated by direct
evidence. A survey of directors of family practicein the United
States and Puerto Rico conducted in November 2000 (306
responses) found that use of handhelds in residency programs,
either by anindividual or group, was 67% [24]. A 2001 survey
of residentsin ateaching hospital reported that more than 75%
used their PDA on a daily basis [27]. Stromski et a (2005)
surveyed emergency medicine residency programs in 2001 to
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identify the methods of procedure documentation to examine
the number of programs transitioning to more advanced
information technology systems (eg, PDA use). Their results
indicated that 13% of the residency programs required the use
of PDAS, 15% of programs purchased PDAsfor their residents,
and asimilar proportion reported that PDAswere used by “most
or al” of their residents to document procedures. Further, 64%
of programsreported that “most or all” of their residents utilized
PDAsfor clinical purposes. DeGroote et a found that, in 2002,
71% of medical residents reported using PDAS versus 56% of
faculty members [31]. In a 2002 survey, McLeod et a noted
that the percent of frequent PDA usersamong internal medicine
residents and fellows in training exceeded 70%, compared to
only 50% of attending physicians [29]. From a survey of the
experiences of family resident graduates in obtaining hospital
privileges and in documenting procedures and deliveries,
Vincent et al (2003) concluded that 36% of the respondents
used aPDA alone or in conjunction with alog-card, paper-based
system. Unfortunately, this study did not present any other
prevalence data on PDA use [33]. However, from survey data
captured in 2004, the handheld technol ogy gap between residents
and physicians began to close: a US study concluded that 73%
of residents regularly used a handheld computer in a typical
work week, followed closely by 71% of family/genera
practitioners[14]. In asurvey of PDA use by nurse practitioner
students and faculty, Stroud et a found that of the total
respondentswho reported PDA use, 73% were nursing students

[37].

One survey by Joy et a (2004) met our initial criteriabut could
not beincorporated into the resultsanalysis. Although this study
did examine PDA use in obstetrics and gynecology residency
programs, it was difficult to interpret the prevalence numbers
among the resident respondents. Likewise, the National
Physician Survey (2004) did not present overall PDA prevalence
rates but did ask Canadian medical studentsif they had a PDA
or wireless device [15]. Of the 2721 respondents, 24% in first
year, 40.6% in second year, 70.6% in third year, and 71.6% in
fourth year reported having a PDA, representing an overall
average of 48.6% among students [15]. Unfortunately, these
2004 figures provide no information on how medical students
were using thistechnology and in what contexts.

Gender

PDA usage among men and women was equal in a 2001 survey
of internists [19]. Similarly, McLeod et a (2002) found no
significant gender differencein PDA usersamong a2002 sample
of internal medicine physicians and residents [29]. However,
pediatrician PDA users were most likely male, as reported in
2002[30]. Aswell, the 2003 Physician Resource Questionnaire
analysis concluded that male physicians were somewhat more
likely to use a PDA in their practice than were females (35%
vs 30%) [32]. More recent datafrom a 2004 survey of PDA use
among US physicians, specialists, and medica residents
suggested that male clinicians were slightly more likely than
their female counterparts to regularly use handhelds (53% vs
47%) [14]. On the other hand, nurse practitioner datafrom 2005
show that men (82%) were notably more likely than women
(64%) to use a PDA (P < 0.05) [37]. However, the authors
cautioned that they were unable to determine the significance
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of this finding given that the actual survey sample of men (n =
38) as opposed to women (n = 188) was small. The authors
suggested that if ease with PDA technology isless common in
women, then the nursing profession, dominated by females,
may need elevated momentum to adopt PDA technology across
nursing practice [37].

Family Physicians versus Specialists

The most recent Physician Resource Questionnaire (2003)
analysis concluded that Canadian family physicians were just
aslikely to use a PDA (33%) when compared to medical (34%)
and surgical (32%) specidists [32]. This was the third
consecutive year these figures rose consistently across all
physician groups in Canada [2,21,32]. However, according to
a US survey of physicians published in 2005, the biggest
adopters of PDAs in professiona practice were family and
general practitioners (71%) when compared to surgical
specialists (54%) [14]. The above mentioned studies are the
only survey dataavailabledirectly comparing general physician
use to that of specialists.

Large and Hospital-Based Practices

A USsurvey of practicing physicians found that use was higher
among those who were wholly or partly hospital-based (33%
and 29%, respectively) than among those who were office-based
(23%) [22]. Usage was also higher among physicians in large
practices (33%) than in solo practice (16%) [22]. Carroll et al
(2004) aso found that PDA users tended to not be in private
practice [30]. Additional survey data from 2004 indicated that
of US physicians practicing in primary practice offices with
fewer than 10 physicians, 49% reported regular use of a
handheld computer [14]. Miller et a (2004), reporting on a
national sample of practicing physicians, found that in a group
practice consisting of an average of nine physicians, handheld
use was approximately 56% [25].

Urban versus Rural Physicians

From arandom sample of US pediatriciansin 2002, PDA users
weremost likely from urban communities[30]. Similarly, results
from Canada’s Physician Resource Questionnaire in 2001
indicated PDA useto be higher among physicians practicing in
urban centers (19.9%) than in rura centres (13.4%) [21].
However, by 2002, rura use (29.6%) surpassed urban use
(27.7%) among physicians[2]. In Canada, thistrend continued
in 2003, with 36.9% of rural respondents indicating PDA use
versus 32.5% of urban respondents [32].

Professional Use

Five surveys considered PDA use in both a professional and
personal context; 17 studies exclusively captured professional
use. One study reported general prevalence rates for PDA use
among pediatricians; however, it did not specify if use wasin
clinical practice or outside of work.

In order to discern professional use more closely, we explored
administrative PDA uses versus direct use in clinical patient
care. We found that of the surveysthat concern PDA usewithin
a health care setting, 17 of 23 studies (74%) reported use
pertaining to administrative or organizational tasks, while 14
of 23 studies (61%) addressed PDA usein patient care. Billing
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and coding were the most frequently performed administrative
PDA functions in 50% of the surveys reporting administrative
uses. Thiswasfollowed by 44% reporting calendar scheduling,
31% reporting Web and email access, 25% reporting address
book use, and 25% stating use in charting patient details into
an electronic health record. Other reported administrative tasks
included the following: word processing, calculator, charge
capture, procedure documentation, outpatient tracking, resident
hours, telephone message tracking, general time
management/personal organizer, patient referrals, procurement
of supplies, patient census, order entry, dictation, and passwords
and pins.

Intermsof patient care, accessto drug information was reported
in 93% of the surveys reporting clinical PDA use, while 50%
reported prescribing, 43% stated accessing patient records, 43%
described medical calculator use, and 36% indicated use in
referenceto laboratory values. Other reported clinical PDA uses
included access to medical references, patient tracking and
patient reminders, clinical decision pathwaysand managed care
applications, telemedicine, and diagnostic imaging or radiol ogy
applications.

Only one survey reported PDA use for patient education, and
one referred to PDA use for research purposes.

Discussion

This paper summarizes the results from surveys examining
adoption of PDA use. These survey dataarein reasonably good
agreement and suggest a sizable proportion of physicians use
handheld devices. However, most of the sources of survey data
did not distinguish well between types of applications being
used most often and whether the PDAs were being used
professionally for administrative purposes or for direct clinical
work. It is encouraging to note that our findings are similar to
those of an analysis of online registrations and downloads of a
PDA drug reference guide, which concluded that approximately
onefifth of US physicians (150000) and half of medical students
in the United States (33000) were PDA users [40].

Our grouped survey data suggest that thereislittle information
on the PDA usage rates among nonphysician health care
providers. However, collectively, these data suggest that use of
handheld devices has become a subject that health care
professional s need to know about. By systematically gathering
this usage information, it is difficult to deny the prevalence of
PDAs in health care. With this basic understanding of current
handheld usage patterns, we need to consider the impact of this
development of mobile handheld technology on both practice
and research.

According to a commonly accepted descriptive model of the
diffusion of innovations developed by Rogers, when the
cumulative rate of users of a new invention is plotted versus
time, the result is an S-shaped curve [41]. Interestingly, this
appearsto betrue of most technol ogical innovations, irrespective
of the technology. For example, Hall and Khan (2003) reviewed
the S-shape adoption patterns of a variety of 20th century
consumer products (eg, washing machines, video cassette
recorders) [42], while Teng et a (2002) developed historical
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diffusion curves for information technologies (eg, personal
computers, email) [43]. Variations in diffusion slopes do exist
given that some technologies will diffuse more rapidly than
others.

Health care information technol ogies have also been examined
within this diffusion framework. England et a (2000) studied
organizational and technological factors determining the rate
at which innovations diffusein the health industry [44]. In 2005,
RAND Health completed a report characterizing the diffusion
of electronic health records along an S-shaped adoption curve
[45].

Technologiestypically go through multiple phases during their
adoption life cycle, which may last for many years[41,46]. The

Figure 3. The S-shaped diffusion of technology curve [41]
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characteristics of the adopters change over time and so doesthe
nature of suitable evidence to inform their adoption decisions.
For example, innovators (the first 2.5% who adopt a new
technology) do not need evidence to make an adoption decision.
Early adopters (the next 13.5%) are satisfied with case studies
and examples of successful adoption and benefits [41].
Examining the typical technology adoption curve for handheld
devices (Figure 3) based on the adoption percentage of PDAS
thusfar from the most recent available data (2004/2005), it can
be concluded that we are now at the steepest stage in the
adoption S-curve, with atransition from the early majority to
the late majority.
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The increase in PDA adoption means a potential reduction in
hardware and training costs when using handheld devices in
the provision of care and in research. Because of the high
probability that target health care professionals may aready
have a handheld device and will already know how to use one,
the overall hardware purchase costs could be reduced, and the
end user will not necessarily have to be trained from scratch.

To date, use of PDAs in health care appears to have preceded
extensive evaluative research. PDA adoption rates, already high,
continueto be amoving mark with projectionsfor rapid growth
in the short term. By comparing handheld device diffusion to
other health information innovations, and by placing PDA use
within existing diffusion models, we are able to better predict
the future of handheld growth in health care and therefore
develop more timely and appropriate evaluative research to
accompany such growth.

Unfortunately, we were unableto include information from two
national physician surveys. Thefirst report entitled “ Taking the
Pulse” was published in October 2004 by Manhattan Research
[16]. Information gleaned from areport excerpt stated that 40%
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of al US physicians surveyed in 2004 were using a PDA,
marking an increase from 35% in 2003. Reported top activities
performed on a PDA by all US physicians (in order) were
personal scheduling, professional scheduling, accessing adrug
reference  database, accessing online information,
writing/entering clinical notes, and mobile email access [47].
These report findings are similar to our overall findingsin this
present review.

The second national physician survey not incorporated into our
analysis was the Canadian National Physician Survey (NPS)
(2004), which provides valuable insight into what information
technology, including PDAS, physicians and specialists have
in their main patient care settings [15]. However, overall
prevalencerates could not be determined from the data provided
given the manner in which they were presented. Nonetheless,
in reviewing the national data, we can descriptively draw some
conclusions. Firgt, it appears as though male physician PDA
useis higher than that of females. This appearsto be consistent
across all tasks involving PDA use although differences do
appear to be small. Thisis consistent with our general findings
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in which males are only marginally more likely to use a PDA
than are females. Interestingly, when examining age-related
data from the NPS, it appears as though the age factor may in
fact be PDA task-specific. For example, electronic health record
usage appears to decrease as the age of physician users
decreases. However, PDA use for drug interaction information
increases when the age of the physician user decreases. This
appears contrary to most other surveys that show younger age
is associated with higher general PDA use. Perhaps what this
information tellsusisthat handheld use may be more complex
when broken into task-specific strata.

It is worthy to note that, with the exception of one survey
focusing on nurse practitioner students, little mention was made
in the surveys of PDA use by students across health care
disciplines, including medicine. Several universitiesin Canada
and the United States now mandate use of PDAs for medical
undergraduate students and residency programs; therefore, it is
assumed this could potentially affect prevalencerates. However,
because none of the included surveys examined mandated use,
we are unableto infer if thisisresponsible for recent increases.
However, this raises an important issue to be considered in
future studiesrelated to students and rates of handheld adoption.

To better understand the prevalence rates among the included
surveys, it became important to categorize the drivers for PDA
use as either professional or personal. We therefore attempted
to discern what specific PDA tasks the respective health care
professionals were performing. This was done by classifying,
whenever possible, the use as administrative versus care. On
the surface, it would appear that administrative and
organizational tasks on a PDA exceed those related to patient
care, perhaps signaling where the growth in adoption is most
likely to occur.

In this present review, we can only speak broadly to rates of
adoption and patterns of use. Drawing inferences from the
survey data was often limited by lack of, or differences in,
operational definitions in aspects of handheld use being
measured. For example, the term use was often not defined by
frequency (eg, specific units of time—day, week, month).
Taking theseissuesinto consideration would be auseful exercise
for future surveysaswell asinformation technology prevalence
studiesin health care.

In conclusion, physicians are increasingly accustomed to using
a PDA, and, therefore, technology expertise will not likely be
abarrier to deploying handheld applications. Thereisan urgent
need to evaluate the effectiveness and efficiency of specific
tasks using PDA technology (eg, implementation, searching,
reference, data entry, reporting) to inform those persons
devel oping and those using handheld applications. Furthermore,
it is not clear why there is a paucity of evidence on the extent
of adoption of PDASs by other health care providers: is it that
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they lag in the use of this technology or is it smply that they
have yet to be studied?

Limitations

Thisreview hasanumber of limitations. | ssues around response
bias and inability to draw causal inferences weaken survey
methodology. It may be the case that those surveyed fed a
stronger affinity to the survey sponsor, who has agreater interest
in the questions asked, or are in complete disagreement with
the topic at hand. This can skew results in difficult-to-measure
ways. Quite possibly, the nonrespondents are the least
committed (ie, nonusers of PDAS). As a result, the critical
objective of drawing atrue random sample of the populations
that arethefocus of the survey is compromised and the findings
somewhat impure.

The reported methodol ogies across these surveys appear to be
heterogeneous, which limits their comparability. As noted, the
quality of the included surveys could not be determined given
the absence of validated quality assessment instruments, and,
therefore, there was no adequate way to assess the influence of
bias. A related issue is that some of the included surveys did
not go through arigorous peer-review process. These combined
issues made judging the strength of the evidence not possible.
One would assume surveys identified from scientific journals
would be a source of less biased information. However, in
defense of the nonacademic surveys, there is a consistency in
results between those peer-reviewed versus those that were not.
Thismay suggest that our main conclusions regarding adoption
rates are fairly robust and not disconnected even with the
inclusion of non—peer-reviewed evidence.

Conclusions

The objective of this study was to determine the adoption rates
of PDAsin health care settings, and to project expected adoption
in the future based on established technology diffusion models.
Our findings from a systematic review indicate the current
overall adoption rate for professional use of PDAsamong health
care providers, namely physicians, is 45% to 85%. Younger
physicians, residents, and those working in large and
hospital-based practices are more likely to use a PDA.
Professional use in health care settings appears to be more
focused on administrative tasks when compared to those rel ated
to patient care, athough thisrequiresfurther study. The adoption
rate is now at its highest rate of increase according to a
commonly accepted diffusion of innovations model.
Additionally, the impact of PDA use on practice appears to be
immediate in terms of costs and training. Familiarity will not
likely be abarrier to deploying handheld applications in health
care. However, there is a critical need to evauate the
effectiveness and efficiency of specific tasks using handheld
technology within the health care system and across health care
provider PDA user groups.
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Appendix 1

Medline Search Strategy

Medline Search History (Silver Platter)

e #19 (#17 and (la=english)) or ((#12 and (la=english)) or (#10 and (Ia=English)))

«  #18#17 and (la=english)

«  #17 (pam or palms) and (microcomputer or computer or software)(157 records)

« #16 palm or pams

«  #15 microcomputer or computer or software

«  #14 (#12 and (la=english)) or (#10 and (la=English))

«  #13#12 and (la=english)

«  #12 hand held computer

« #11#10and (la=English)

«  #10 (handspring or apple newton or jornada) or (windows ce or pocket pc or clie) or (pda or personal digital assistant or
personal digital assistants) or (handheld computer) or (palm pilot or palm os) or (blackberry or ipaq)

«  #9pam pilot or pam os

- #8(la=english) and #7

«  #7 (handspring or apple newton or jornada) or (windows ce or pocket pc or clie) or (pda or personal digital assistant or
personal digital assistants) or (palm pilot or palm or palms or palm os) or (handheld computer) or (blackberry or ipaq)

«  #6 blackberry or ipag

«  #5handspring or apple newton or jornada

«  #4 windows ce or pocket pc or clie

« #3pdaor personal digital assistant or personal digital assistants

« #2pam pilot or pam or palms or palm os

«  #1 handheld computer

Additional database search histories are available upon request from the authors.

http://www.jmir.org/2006/2/e7/ JMed Internet Res 2006 | vol. 8| iss. 2 |€7 | p.74
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Garritty & El Emam

Appendix 2

http://www.jmir.org/2006/2/e7/ JMed Internet Res 2006 | vol. 8| iss. 2 |€7 | p.75
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Characteristics and Results of Surveys of PDA Use by Health Care Providers

Garritty & El Emam

First Author, Year  Survey Description Sample  PDA Usage PDA Use by Age (%) PDA Use PDA Useby Set-
Publication Data Mehoddo- of Health Size& Rates by Gender ting
Year, Country  Col- gy CareProfess Response (%)
of Origin lected sionals Rate
(RR)
Hucko, 2000, US 1999  Mail sur-  Practicing 769 re- 15% usehand- NR NR NR
[18] vey Physicians  spon- held devicesin

dents; RR  practice

NR
ACP-ASIM, NS NR Physicians 489 re- 47% <40 years = 60% NR NR
2001, US [19] (| ntemists) Spon- 41-50 years = 42% (Stated us-

ents RR > 51 years = 34% age among

maes& fe-
males
equal)
Versel, 2001, US 2001 Mail sur-  Physician 432 re- 60% physicians NR NR NR
[20] vey Executives  spon- in their practices
dents; RR
NR
Martin, 2001, 2001 Mail sur-  Physicians  Forgener- Overall use= < 35 years = 26.8% Femae= NR
Canada[21] vey (General a survey  19.30% 35-44 years = 20.8% 15.4%
Practition-  RR=  gpFp=157% - Male=
ers/ Family ~ 42%; for ~ 45-54 years = 19.6% 21%
Physicians, PDA g"zeg;pgr— | T04yeas=17.5%
Medical Spe- question  Z°% MO 65 yerrs = 10.8%
cidists; Sur- 3246re- <70
gica Specid- spondents
ists) (992 fe-

mde2254

male);

RRNR

Taylor, 2001, US 2001 Interviews Practicing Nation-  26% (18% main <45years= 33% NR Group size:
[22] (Jan- (typeNR) Physicians ~ widesam- useinpractice; 545 years = 21% solo practice =
Feb) ple834; 8% mainly per- 16%

RRNR  sonal use) 2.9= 28%
10-24=37%
>25=33%
mostly office-
based = 23%
mostly hospital-
based = 33%
exclusively hospi-
tal-based = 29%

AAP: Periodic 2001  Sdf-admin-  Pediatricians 1616 sur- 38% of reporting Use highest among PDA  NR 100% office-
Survey of Fel- (Oct)- istered (membersof veyed; physicians(n=  users < 30 years (72%) based practice
lows#51,2002, 2002 mailsur- AAP) 54.6% 696) use PDAs
US[23] (Feb)  vey (882) Use included:

keeping a daily

schedule (77%),

accessing pharma:

cology references
(76%), and medi-
cal calculations
(75%)
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First Author, Year  Survey Description Sample  PDA Usage PDA Use by Age (%) PDA Use  PDA Useby Set-
Publication Data Mehoddo- of Health Size& Rates by Gender ting
Year, Country  Col- gy CareProfess Response (%)
of Origin lected sionals Rate

(RR)
Criswell, 2002, 2000 Mail sur-  Directorsof 610direc- Useof handheld NR NR NR
US & Puerto Ri- (Nov) V& Family Prac- tors (493 computers either
co[24] ticeResiden- listedin by an individual

cy Programs AAFP; or group reported
117 67% (204/306

ACOFP)  programs); 30%
;306 re-  of programsre-
spondents  quireapplications

(257 used uniformly
AAFP, by all users
49
ACOFP)
=RR of
50%
Miller, 2004, US 2001 Interviews Practicing National  26.2% used Specific use by age NR Specific Specific use by
[25] (Oct- (telephone) Physicians  stratified PDAsforwork  (but meanage48yearsac- useby gen- setting NR (but
Nov) random cording to Physician IT der NR mean practice
sampl e of User Type classification)  (but % sizeMDs=8.8;
1200; RR male= group practice %
=5.7% 81.8% ac- = 55.8% accord-
cordingto ingto Physician
Physician  IT User Type
IT User Classification)
Type Clas-
sification
provided)
Balen, 2004, 2001 Mail sur-  Practicing 106 sam- 33% reporteduss NR NR NR
Canada [26] (May) V& Hospital pled; 58  ing PDAsat work
Pharmacists complet- or home; 28%
ed; RR=used devicedaily
55%
Barrett, 2004,US 2001 Email invi- Medicd Ress Contact- 75% stated daily NR NR NR
[27] (Oct)- tation & identsfrom  ed 223 use of PDA
2002 online 7residency residents
(Apr) Web-based programs enrolled
survey (primary in six
cae& spe-  weekres-
cialty pro- dency
grams) pro-
grams, 88
complet-
ed survey
RR=
40%
Martin, 2002, 2002 Mail sur-  Physicians  Forgener- Overall use= < 35years=43.7% Femae= NR
Canada[2] vey (General a survey  27.9% 35-44 years = 31% 23.8%
Practition- RR= - 1) -
orsl Fami Iy 37%; GP/FP = 25.1% 45-54 years =28.3% 2/|98|7%A)
Physicians, PDA M edOSPeC = 55-64 years = 22.5% '
Medical Spe-  question flééof’ SUG S 65 vears = 11.9%
ciaists; Sur- 2882re-  ~ Y70
gica Specid- spondents
ists) (912 fe-
mde/1970
male);
RR NR
Versel, 2002, US 2002 Mail sur-  Physician 444 re- 33% of physician R R NR
[28] vey Executives  spon- groups (not indi-
dents; RR  vidual members)
NR
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First Author, Year  Survey Description Sample  PDA Usage PDA Use by Age (%) PDA Use  PDA Useby Set-
Publication Data Mehodolo- of Health Size& Rates by Gender ting
Year, Country  Col- gy CareProfess Response (%)
of Origin lected sionals Rate
(RR)
MclLeod, 2003, 2002 Mail sur- Interna Mailedto Proportion of re- < 30 years=68% Female=  Dept. of Internal
US[29] (May) V& Medicine 867 (473 spondentswho 3039 years = 51% 38% Medicineat a
Physicians& returned  reported current > 40 - 379 Male= multi-specialty,
Residents & com- PDAuse=46% =7 Y8IS=3/0 28% tertiary care aca-
pleted); (218/473) demic medical
RR=55% center inthe US
Midwest
Carroll, 2004, US 2002 Mail sur-  Pediatricians Random  35% currently NR NR Usersmost likely
[30] vey (including sampleof usePDA at work; Stated in urban commu-
residents) 2130pedi-  40% currently usersmogt  Nity (AOR =
atricians;  use PDA for per- likely male 1.81, 95% CI
1185re-  sond use (AOR = 1.30-2.55)
sponded; 229%,  NOT inprivate
RR = 95% Cl practice (AOR =
62.3% 1.64-319) 1.47,95% Cl
1.03-2.11)
DeGroote, 2004, 2002 Email invi- Tenure, 1538sam-  61% used a NR NR NA
US[31] (Nov) tation & tenure-track  pled; 352 PDA; 69% stated
online & faculty respon-  they owned a
Web-based andresidents ders; RR PDA
survey (including =24%
medical resi-
dents; den-
tal, nursing,
applied
health sci-
ences, public
health sci-
ence, phar-
macy, and
medical fac-
ulty)
Martin, 2003, 2003 Mail sur-  Physicians  Forgener- Overall use= < 35years=52.6% Femae= NR
Canada [32] vey or (General a survey  32.9% 35-44 years = 38.7% 29%
email Prctition- - RR= — GPIFP=325% 4554 years = 31.1% Male=
ers/ Family  28.4%; Med _ 34.9%
Physicians, PDA OSpec = 55-64 years = 27.8%
medical Spe- question ?3'8/"0&”9 SPEC 65 years = 14.7%
cidists; Sur- 2251t 922%
gica Specid- spondents
ists) (756 fe-
mae/1486
male);
RRNR
Vincent, 2003, NS Mail sur-  Residents RR= Overall use= NR NR NR
US[33] vey 62% NR

Useaoneorin
conjunction with
log-card proce-
durein document-
ing = 36%
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First Author, Year  Survey Description Sample  PDA Usage PDA Use by Age (%) PDA Use  PDA Useby Set-
Publication Data Mehoddo- of Health Size& Rates by Gender ting
Year, Country  Col- gy CareProfess Response (%)
of Origin lected sionals Rate
(RR)
Versel, 2003, US 2003  Online Physician 436 sur-  18% (78respon- NR NR NR
[34] (Jul- Web-based Executives  vey re- dents) indicated
Aug) Survey spon- 75% of physi-
dents; RR ciansintheir orga-
NR nizations using
PDAS; 75% re-
port that their or-
ganizations have
at least 1 physi-
cian with PDA
AMA/Forrester, 2004  Mail and Physicians NR 57% ussdregular- <40years=55%usePDA Femade=  Useintypica
2005, US[14] (Aug- online (General ly intypical work intypical work week 47% work week in pri-
Dec) Web-based Practltlon- week (average ' Male= mary practice
survey ers/ Family among all physi- 53% (office-based
Physicians; cians) with 10 or fewer
Spepial ists, Usein typical physicians) =
Residents/ work week: 49%
Students 2 Residents = 73%
domly from Fa(r)nlly/GPsz
AMA's 1%
database) Surgeons = 54%
Wilden, 2005, 2004 Emailre-  Anesthetists 1870sam- 85% usetheir NR
Australia[35] quest for (membersof pled; 215 PDA on adaily (age, gender, and type of practice demographics presented
Web-based  ASA) respon-  basis; 9% week- ¢ not in refation to PDA users)
survey ders; ly; 5% monthly
RR = 91% own PDA
11% 66% consider
(=24%  themselves“de-
of ASA  pendent” on PDA
members
actively
using
email)
Stromski, 2005, 2001  Telephone Emergency 113/122  Overall use= NR NR R
Us|[36] survey Medicine pro- NR
Residency  grams; 64% of programs
Programs RR= report “most or
926% Al residents
used a PDA for
clinical purposes
Stroud, 2005, US NS Question-  NursePracti- 855ques- Overall use= NR Females = 64% R
[37] naresent tioner Stu-  tionnaires 67% (report indicated positive  Males = 82%
viaemail dents and distribut- correlation between age
orpostal  Faculty ed; 222 and frequency (r = .21, P
mil respond- < .05) but stated this ex-
ed; RR= plained only 4% of vari-
27% ance)
Boonn, 2005, US NS Recipients Membersof 1628 sur- 45.1% reported NR NR
& Canada[38] mailed sur-  RSNA veyssent; owning or using (gender and type of practice
veyswith RR = aPDA onadaily demographics presented but not
option to 32.4% basis in relation to PDA users)
complete
by mail or
viatheln-
ternet
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First Author, Year  Survey Description Sample  PDA Usage PDA Use by Age (%) PDA Use  PDA Useby Set-
Publication Data Mehoddo- of Health Size& Rates by Gender ting
Year, Country  Col- gy CareProfess Response (%)
of Origin lected sionals Rate
(RR)

PDA = personal digital assistant; NS = not specified; NR = not reported; RR = response rate; NA = not applicable; AAFP = American Academy of
Family Physicians, AAP = American Association of Pediatricians; ACOFP = American College of Osteopathic Family Physicians; ACP = American
College of Physicians; AMA = American Medical Association; ASIM = American Society of Internal Medicine; ASA = Australian Society of
Anaesthetists; RSNA = Radiological Society of North America
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