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Abstract

Background: E-Learning programs and their corresponding devices are increasingly employed to educate dental students during
their clinical training.

Objective: Recent progress made in the development of e-learning software as well as in hardware (computers, tablet PCs,
smartphones) caused us to more closely investigate into the habits of dental students in dealing with these learning techniques.

Methods: Dental students during their clinical training attended a survey compiled in cooperation with biostatisticians. The
questionnaire probands were asked to complete based on previous surveys of similar subjects, allowing single as well as multiple
answers. The data, which were obtained with respect to the learning devices students commonly employ, were compared with
their internet learning activities.

Results: The e-learning devices utilized are of heterogeneous brands. Each student has access to at least one hardware type
suitable for e-learning. All students held mobile devices, about 90 percent employed laptops, and about 60 percent possess
smartphones. Unexceptional all participants of the survey acknowledged an unlimited internet access. In contrast, only 16 percent
of students utilized tablet PCs. A detailed analysis of the survey outcome reveals that an increasing use of mobile devices (tablet
PC, smartphone) facilitates internet learning activities while at the same time utilization of computers (desktop, laptop) declines.

Conclusions: Dental students overwhelmingly accept e-learning during their clinical training. Students report outstanding
preconditions to conduct e-learning as both their access to hardware and to the internet is excellent. Less satisfying is the outcome
of our survey regarding the utilization of e-learning programs. Depending of the hardware employed only one-third to barely
one-half of students comprise learning programs.

(Med 2.0 2013;2(2):e6)   doi:10.2196/med20.2767
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Introduction

The use of electronic devices in dental medicine for patient care,
teaching, and learning, respectively, has been widely accepted
[1-3]. As consequence of this development it became evident
in recent years that internet-based learning increased its

attraction for students at large [4,5], including those of dental
medicine [6,7]. However, utilization of these new media depends
on several criteria, specifically on the availabilty of a convenient
hard and software as well as access to a high speed internet [8].
In this context authors repeatedly refer to the Web 2.0 as a basic
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social software for a successful implementation of e-learning
[9].

The new generation of mobile phones and tablet personal
computers (PCs) appears to perfectly adapt to the general
framework of e-learning techniques presently available [10].
Taking account of these facts this investigation pursues two
major issues. First, we examined current e-learning activities
of dental students with reference to their use of specific
e-learning devices that are desktop computers, tablet PCs
(iPads), and smartphones, respectively. Second, probands were
also questioned regarding a preferred utilization of commonly
available teaching programs, which can possibly be linked to
special e-learning devices.

Methods

Dental students (n=141) in their second and third clinical
semester of the University Mainz were asked to attend an
optional survey, nobody refused. No student was excluded since
all of them met essential criteria such as mastering the German
language and complying with basic technological literacy
regarding the electronic devices here under discussion. Probands
were encouraged to request assistance in case they believe the
questionnaire implies ambiguous issues. The participants were
invited to independently complete a machine-readable form
within 20 minutes. This procedure appears superior over online
surveys as an increased reliability of results may be expected
[11].

The queries put emphasis on different domains of learning
preferences as well as on hardware devices individual students
had access to. The inquiry schedule also considers previously
conducted surveys regarding the percentage of internet-based
learning [6], and allows single as well as multiple answers.
Table 1 displays an outline of the questionnaire the probands
were confronted with.

Further information was requested concerning the operation
systems (OS) the devices are equiped with (Table 1, question
4), as 2 OSs are mainly installed on hardware devices. That is
the OS introduced by Apple (Apple Inc., Cupertino, CA, USA)
for iPhones or iPads (iOS), and the Android OS provided by
Google (Google Inc., Mountain View, CA, USA). The market
share for the year 2012 in Germany of both OSs reveals a 77%
rate for iOS and 19% for Android OS [12]. Evaluation of
question 2, considers the quantity of students in relation to the
hardware (eg, tablet PCs, smartphones, laptops) each participant
utilizes. The obtained data were correlated with the
internet-based learning activities of the probands.

The questionnaire was compiled in cooperation with
biostatisticians of the Center for Quality-Management and
Development, Johannes Gutenberg University Mainz. These
experts also conducted the machine read-out and processing of
the completed questionnaires, employing the statistical analysis
programme SPSS 16.0 (Statistical Package Social Sciences;
IBM Inc., Chicago. IL, USA). The survey analysis did not
differentiate between male and female participants as well as
of their degree of clinical education.

Table 1. Outline of the questionaire provided to students.

QuestionQuestion #

Do you have an Internet access from your home? If „yes“, which kind?1

Define the percentage of your internet-based learning activity.2

Which type of computer (desktop, notebook, netbook) are you utilizing?3

Which kind of mobile device (tablet PC, smartphone) and operation system (OS) are you working with?4

Are you mainly utilizing the university’s e-learning offers at home or where else?5

Which medium (iOS apps, Android apps, computer programs) are you deploying for learning activities?6

Results

The study comprises 141 students during their clinical education,
42 males and 99 females. The gender distribution roughly
matches the notification (10% variance) officially provided
[13]. Preliminary talks unveiled that each student participating
in the survey employed any e-learning device and owned at
least one device useful for e-learning activities. Analysis of the
survey confirms this statement, and details that an overwhelming
number of probands (125/141, 89%) utilized laptops for
e-learning activities. Beyond that, all students reported an
unlimited Internet access. Furthermore, all students hold mobile
devices, although tablet PCs and smartphones employed for
e-learning can be assigned to only 75% (106/141) of probands.
Apparently, less than two-thirds (83./141, 59%) of students
questioned own smartphones, and a minority (23/141, 16%) has
tablet PCs at one's disposal. Examining the devices with respect
to their OS it appears that iOSs prevail. The overall conclusion

drawn from this data clearly demonstrates that at least with
respect to the hardware (e-devices) clinical dental students are
excellently equipped to accomplish e-learning requirements.

Internet-based learning activities are linked to specific e-learning
devices as detailed in Figure 1. Analyzing the utilization of
computers (PCs) for e-learning it became apparent that the range
of 21 – 40 % of internet-based learning activity of students is
linked to half (52%) of computers available. Interestingly, as
the internet learning activity increases (range 41 – 100 %), the
preference to utilize computers clearly declines. At the highest
level of e-learning efforts (81 – 100 %) less students made use
of computers (PCs). Noteworthy differences were observed to
use tablet PCs and smartphones for e-learning. The
documentation for tablet PCs (iOS Tablets) reveals that the
e-learning activity (range from 21 to 80 % activity) is related
to either 77 % tablet PCs equipped with iOS or to 100 % tablets
equipped with Android OS. Remarkably, those students
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conducting almost entirely e-learning activities (81 – 100 %)
during their clinical education preferred iOS tablets and iOS
phones (27 %), only 8 % utilized PCs and Android phones.
However, tablet PCs carrying iOS are most popular for
internet-based learning activities. A break down of data
compiled for smartphones (Android phone, iOS phone) displays
some distinct differences when compared to the use of
computers or iOS tablets. Again, slightly more than one-third
of students performing e-learning activities (21 - 40 %) is using
an iOS smartphone (39%). Smartphones equipped with Android
OS are absolutely favored for e-learning. These devices are
employed to 91 % by students performing e-learning activities
in the range of 21 to 80 %. Our data do not allow to transfer
percentages of users directly in an absolute number of probands
as individual students utilize more than 1 e-device for e-learning
activities. This is inferred from the number of students (n=141)
participating in the survey compared with the total of e-learning
devices students (n=234) employ (see Table 1).

Utilization of e-learning programs is allocated to specific
hardware-types. Since e-learning hardware devices are without
exception highly sophisticated technical allround tools one
would not necessarily expect a preference of any type of device
for a specific e-learning program. From 121 students using
computers (PCs) for their e-learning activity, 37 % (n=5) took
advantage of learning programs. A different outcome holds for
tablet PCs. From students owning Tablet PCs equipped with
iOS only 54% (n=9) employed e-learning programs. Marginal
acceptance was found for tablets PCs furnished with Android
OS, and only 1 proband used an assigned learning program.
Data for smartphones are divergent from computers and tablets.
Students employing iOS-smartphones about half of them (55%,
n=37) practice appropriate e-learning programs. From Android
smartphone users only 14 % (n=4) took advantage of e-learning
programs. To avoid an overinterpretation of the data presented
here we suggest that of all students questioned only one-third
regulary uses e-learning programs, regardless of the different
hard ware devices and OSs employed.

Figure 1. Activity of Internet based learning performance related to the internet devices PC, Android Phone, iOS Phone and iOS Tablet, respectively.
The number of students utilizing a specific device is indicated by “n”. The application of each device employed for learning activities varies between
students. This variation causes an alignment in 20 percent steps (see coloured boxes at the right). Thus, the absolute frequency is displayed in “grey”
(81 – 100%), the lowest frequency in “blue” (0 – 20%). The actual number of students referring to the individual frequencies is given for each Internet
device. This number directly relates to the variable size of coloured boxes and can be transferred in percentage (ordinate).

Discussion

Summary
The data collected from 141 dental students reveal that all utilize
at least 1 internet hardware device such as PC, smart phone or
tablet PC, and they have all unlimited access to the internet.

The overwhelming part of probands (90%) employ laptops for
e-learning, while only three-quarter of mobile device owners
use this hard-ware for e-learning activities. The more intense
students are engaged in e-learning, the more they use smart
phones and tablets PCs. Students performing almost exclusively
e-learning favour highly sophisticated e-learning hardware like
smart phones and tablet PCs equipped either with Android OS
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or with iOS. e-Learning programs are less popular. Most
students are operating PCs but only 30 % utilize e-learning
programs. The acceptance for e-learning software increases to
50 % as high-class devices (iOS equipped tablet PCs, Android
Phones) are employed.

This outcome of our survey conducted with 141 dental students
during their clinical education describes a current state of hard
and software employed for e-learning activities. Although the
whole issue is subject to rapid developments, a comparison with
previous data [6] discloses a clearly increased application of
e-learning techniques. This holds both for the access to the
Internet and to the availability of hardware devices. The data
gathered here implicate that dental students overwhelmingly
favour PCs (laptops) for e-learning activities, which we relate
primarily to the formidable sales figures of this device. However,
a trend is apparent that the availability of more sophisticated
hardware, such as smart phones and tablet PCs equipped with
efficient OSs, promotes the attractiveness of e-learning. In fact,
students highly engaged in e-learning (81 - 100 %) favour for
their efforts high-class devices. In general, this view is supported
by our survey as the relative use of iOS equipped tablet PCs is
increasingly employed for e-learning activities (range from 41
- 100%). A somewhat different result was obtained with respect
to smartphones. About half e-learning activities of student relates
to iOS smartphones. Smartphones equipped with Android OS
often exhibit enlarged screens as compared to iOS phones, and
this fact seems to attract students performing an intense
internet-based learning activity. Again, the reliability of this
result should be judged cautiously as the phone-purchasing
behavior of students may change rapidly with new applications

not confined to e-learning matters. Despite these conjectures
we assume that high tech preconditions are most relevant to
improve clinical education of dental students.

Utilization of e-learning programs was found mostly accepted
by students owning iOS tablet PCs and iOS smartphones,
respectively. This finding contrasts data for tablet PCs and
smartphones equipped with Android OSs, exhibiting a moderate
use (about 20%) of learning programs. Unfortunately, the
responses obtained for tablet PCs is rather low impairing a
reliable interpretation. Rather convincing appear the results
regarding computers (desktop, laptop). About one third out of
141 students employs learning programs installed on computers.
This supports the notion and let us suggest that affordable prices
and an easy access to e-learning programs is eligible to promote
their widespread dissemination. Regardless of the preferences
dental students exhibit for e-learning devices, the trend
continuous to an increased engagement in e-learning activities
linked to contemporary techniques [14].

Conclusions
Our survey confirms recent suggestions that dental students
increasingly accept e-learning offers. The essential preconditions
to perform these studies are excellent, since all students have
access to computers (desktop, laptop) and mobile e-learning
devices (tablet PC, smartphone), respectively. A trend to tablet
PCs and smartphones equipped with high performance operation
systems appears evident. While the survey participants are
overwhelmingly engaged in e-learning activities, only one-third
to half of students deploys e-learning programs. We conclude
that e-learning activities of dental students meanwhile represent
an intergral part of clinical training at the University Mainz.
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Abstract

Background: Since their inception, Twitter and related microblogging systems have provided a rich source of information for
researchers and have attracted interest in their affordances and use. Since 2009 PubMed has included 123 journal articles on
medicine and Twitter, but no overview exists as to how the field uses Twitter in research.

Objective: This paper aims to identify published work relating to Twitter within the fields indexed by PubMed, and then to
classify it. This classification will provide a framework in which future researchers will be able to position their work, and to
provide an understanding of the current reach of research using Twitter in medical disciplines.

Methods: Papers on Twitter and related topics were identified and reviewed. The papers were then qualitatively classified based
on the paper’s title and abstract to determine their focus. The work that was Twitter focused was studied in detail to determine
what data, if any, it was based on, and from this a categorization of the data set size used in the studies was developed. Using
open coded content analysis additional important categories were also identified, relating to the primary methodology, domain,
and aspect.

Results: As of 2012, PubMed comprises more than 21 million citations from biomedical literature, and from these a corpus of
134 potentially Twitter related papers were identified, eleven of which were subsequently found not to be relevant. There were
no papers prior to 2009 relating to microblogging, a term first used in 2006. Of the remaining 123 papers which mentioned Twitter,
thirty were focused on Twitter (the others referring to it tangentially). The early Twitter focused papers introduced the topic and
highlighted the potential, not carrying out any form of data analysis. The majority of published papers used analytic techniques
to sort through thousands, if not millions, of individual tweets, often depending on automated tools to do so. Our analysis
demonstrates that researchers are starting to use knowledge discovery methods and data mining techniques to understand vast
quantities of tweets: the study of Twitter is becoming quantitative research.

Conclusions: This work is to the best of our knowledge the first overview study of medical related research based on Twitter
and related microblogging. We have used 5 dimensions to categorize published medical related research on Twitter. This
classification provides a framework within which researchers studying development and use of Twitter within medical related
research, and those undertaking comparative studies of research, relating to Twitter in the area of medicine and beyond, can
position and ground their work.

(Med 2.0 2013;2(2):e2)   doi:10.2196/med20.2269
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Introduction

Since their inception in 2006, Twitter and similar microblogging
systems have provided data for research, with the first academic
paper on the subject appearing in 2007 [1]. Articles in the
popular news media highlight the potential of Twitter based
research to meet a number of goals ranging from measuring
public sentiment to spotting flu outbreaks [2]. However, there
has been little work done beyond the headlines in understanding
how or why people are using information gathered from Twitter
systems for research, particularly around specific topic areas.

The terms microblog and Twitter are both widely used by
authors, dating from the first paper on the subject [1]. The term
microblogging is defined as:

A variant of blogging which allows users to quickly
post short updates, providing an innovative
communication method that can be seen as a hybrid
of blogging, instant messaging, social networking
and status notifications. The word’s origin suggests
that it shares the majority of elements with blogging,
therefore it can potentially be described using
blogging’s three key concepts: the contents are short
postings, these postings are kept together by a
common content author who controls publication,
and individual blog entries can be easily aggregated
together. [3,4]

Some writers hyphenate the term as “micro-blog” [5], while
other do not [6]. We follow the majority and use the
unhyphenated version, although while searching for papers on
the topic we utilized both. Twitter is usually defined in terms
as microblogging:

Twitter is a microblogging site, originally developed
for mobile phones, designed to let people post short,
140-character text updates or “tweets” to a network
of others. Twitter prompts users to answer the
question “What are you doing?”, creating a
constantly- updated timeline, or stream, of short
messages that range from humor and musings on life
to links and breaking news. Twitter has a directed
friendship model: participants choose Twitter
accounts to “follow” in their stream, and they each
have their own group of “followers”. [7]

PubMed is a free Web literature search service developed and
maintained by the National Center for Biotechnology
Information (NCBI) [8]. Since 1996, PubMed gives access to
citation and abstracts of some 5400 biomedical journals covering
the fields of medicine, nursing, dentistry, veterinary medicine,
health care systems, and preclinical sciences. The intended users
of PubMed are researchers, health care professionals, and the
general public. For the intended users, PubMed serves as the
primary tool for electronically searching and retrieving
biomedical literature [9]. Fink [10] describes PubMed as “the
best site for published medical and health research”. PubMed
uses the Medical Subject Headings (MeSH) controlled
vocabulary to supplement searches. MeSH pre-dates PubMed
with its origins in the 1960s as a set of catalog headings across
medicine composed by the US National Library of Medicine

[11]. Entries to MeSH are regularly updated to match changes
in medicine and technology.

In common with many other papers, we used the term Twitter
to encompass all microblogging systems. The work was not a
traditional literature review [10]. Instead, only papers indexed
by PubMed were considered and only those related to Twitter
were reviewed then classified.

This work will provide a framework with which researchers
studying Twitter related topics and their applications in medical
related areas will be able to position and ground their work. It
will provide a single point where current work on the medical
use of Twitter can be compared and contrasted. Additionally it
will help to understand the scope and reach of using PubMed
as a data source.

Our analysis shows that Twitter related research can be classified
in a variety of ways: whether it is Twitter-focused or part of a
wider social media related study; whether it is based on data,
and if so, the quantity of data considered; the domain in which
the work is based; the methods used; and the aspect–or
characteristic–of Twitter considered. These dimensions of
classification provide a framework in which Twitter-related
medical research can be positioned and compared with other
work within the area and beyond.

Methods

Data Collection
Researchers normally identify papers on a topic in a number of
different ways such as chaining from existing papers and
database searches [12,13]. There are many databases and search
engines available to researchers wanting to find papers on a
particular topic [10], some of which are freely available, while
others are available via individual or institutional subscription
[14]. Researchers in areas of emerging technologies sometimes
limit themselves to groups of publications [15], single journal
sources [16], or concentrate around conferences [17]. While
many studies do not indicate their identification method,
Cormode et al [18], for example, classify Twitter papers
providing examples of “first studies” and the “next set of
papers”. Within this work we wanted to investigate the area of
Twitter based research in medicine, and for our data collection
to be replicable we chose to make a structured search of journal
articles.

Initial experimentation showed that for Google Scholar [19] the
searches either had to be limited to searching the article’s title
or it is full text. Searches limited to articles title would not return
“OMG U got flu? Analysis of shared health messages for
bio-surveillance” [5] as it does not contain any words related
to Twitter. Full text searches returned articles which had “share
this on Twitter” buttons on the page even though the article was
nothing to do with microblogging. Using our institutional
library’s facility to search freely available electronic resources
for papers relating to Twitter in the biomedical field, we
established that PubMed returned over 100 items while BioMed
Central [20] returned around 20, and other databases returned
very few papers, and almost all were already in the PubMed
list.
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Gold et al [21] faced a similar challenge when undertaking a
systematic examination of the use of social networking sites for
health promotion: from a systematic search of a range of
databases they originally found 204 academic papers but closer
investigation showed only one was relevant, a Web search
revealed over 80 million electronic resources and an unknown
number of social networking sites. Likewise Guse et al [22]
investigated the use of digital media to improve adolescent
sexual health searched a range of databases to identify 942
possible abstracts of which 10 met the inclusion criteria: while
they do not indicate which databases they found each paper in,
all the 10 studies can be found via PubMed.

It was determined for this study that a structured search using
PubMed would be used to identify papers in journals. While
this most certainly would not give an exhaustive list of papers
on Twitter it does mean that the search is repeatable, by other
researchers, allowing future studies to include papers added to
PubMed. Using subscription based services (such as Scopus)
would mean only some researchers could repeat the study
limiting its usefulness as a benchmark.

The data collection was made for the papers that were first
published between 2007 (the first year academic papers on
Twitter appeared) and 2011 (the last complete year before this
study); inclusive of papers available online as preprints ahead
of the print version (epubs).

During 2010, the terms “Twitter messenging” and “Twitter
messaging” were introduced into the MeSH controlled
vocabulary under the headings Internet and Blogging
respectively. There are no entries relating to the term microblog
or its variants, although blogging is present. There are currently
no papers within PubMed that are returned by searches on the
MeSH terms: “Twitter messenging” or “Twitter messaging”. It
should be noted that where papers have keywords, not indexed
by MeSH terms, PubMed does not store these and so it is not
possible to search PubMed for papers with keywords such as
“Twitter” or “microblog”. Therefore, the terms Twitter, Tweet,
Microblog, and Micro-blog were used as the basis for keyword
searching across all fields in PubMed, and then cross-referenced
and checked to remove spurious data. A total of 139 papers
were initially identified which had used terms from the query
in a medical context. Five of these were subsequently found to
be only included in the results because one of the author’s
surnames or usernames included “tweet”, and so a base corpus
of 134 papers was created.

Data Classification
Previous research [23] showed that a number of dimensions
could be identified and studied when Twitter-related academic
papers and their abstracts are analyzed. These include:

1. Focus. Papers can be predominantly about Twitter or related
microblogging such as the use of the Chinese microblog
site Sina Weibo [24], or they can be partially about Twitter
but predominantly about other things, for example
considering a number of different social networking sites
of which Twitter is just one [25]. There are also unknowns
where a paper has no abstract. Additionally there are papers

where the term twitter is used with its conventional meaning
such as a noise made by birds.

2. Data. The data used in studies is varied, ranging from
observations of small samples, through questionnaires, to
collecting vast quantities of information via the Twitter API
(an interface that allows technically skilled users to extract
data). The date of the study also impacts on the timeliness,
quantity and quality of data.

3. Domain. Studies are undertaken from a number of different
standpoints and often within a domain or a group of
domains.

4. Method. Researchers use a variety of methodological
techniques when carrying out research into Twitter.

5. Aspect. The aspect or characteristic of Twitter considered.
Many studies concentrate on looking at the message
(tweets), while others study the user (tweeter), with smaller
numbers look at the underlying technology and how it can
be developed. A number of papers consider the concept of
Twitter without any detail of its use.

The overarching approach to classification was based on the
approach used in a study of research on microblogging in
education [15], with independent coding and then discussion
until consensus was reached. For each paper in our corpus, the
focus was identified, based on close reading of the title and
abstract. Those papers identified as Twitter-focused were subject
to a qualitative classification on the title, abstract and full paper
using open coded analysis to determine groupings for the data
used in the work described. Corbin and Strauss [26] have shown
how this methodology facilitates the breaking of corpora data
into delineated concepts as well as featuring in grounded theory
[27] where initial and focused line by line coding produces label
variables from within the data itself. The approach has been
previously used successfully to classify Twitter posts [4]. The
grouping of method, domain and aspect was initially identified
from the paper’s title and abstract and verified by consulting
the full paper.

Results

Focus
Multimedia Appendix 1 summarizes the flow of selection of
papers from our base corpus of 134 papers. From this corpus
thirty [5,6,28-55] were Twitter-focused. The papers had a
significant proportion that was related to some aspect of
microblogging. For example Chew and Eysenbach [31] in their
paper entitled “Pandemics in the age of Twitter: content analysis
of Tweets during the 2009 H1N1 outbreak” study how Twitter
was used in relation to the spread of infection in a pandemic.

There were 57 corpora [21,56-111] that mentioned Twitter but
were primarily about another topic. For example
Turner-McGrievy and Tate [105] in their paper, “Tweets, Apps,
and Pods: Results of the 6-month Mobile Pounds Off Digitally
(Mobile POD) randomized weight-loss intervention among
adults” study a combination of podcasts and other techniques
including using Twitter in relation to weight loss.

Out of 134 papers, 36 [112-147] had no abstract, for example
the article “Are you using Twitter for your next survey?” by
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Pattillo [127]. Further investigation showed that this is a news
article within the publication. Papers without abstracts are
therefore not considered in any further detail, given that they
were news reports rather than academic articles per se. News
stories have been shown to be rated differently by medical
professionals according to their authorship [148]. Wilson et al
[149] took a similar decision to concentrate on academic papers
when reviewing papers related to Facebook, and highlighting
that while unpublished manuscripts, dissertations, position
papers, and popular press articles offer thoughtful insights, their
quality is variable.

Out of 134 articles, there were 11 [150-160] not related to
microblogging, with 10 of these the term “twitter” being used
with original, non-microblogging meanings. For example “Why
do shrews twitter? Communication or simple echo-based
orientation” [156] is about the noise made by shrews.
Exceptional was a paper entitled “Plant twitter: ligands under
140 amino acids enforcing stomatal patterning” [159], as the
paper is not about microblogging but in the area of plant
research. The MeSH terms used to classify the paper support
this, but interestingly the only appearance of “twitter” is in the
title; a form of pun. These non-microblogging papers are not
considered in any further detail.

Table 1 shows the number of Twitter-focused papers and the
number of papers mentioning Twitter published each year
between 2007 and 2011, and compares them with the numbers
for general journals [23], found by searching Scopus [161] and
Web of Science within Web of Knowledge [162]. Note there
were no such papers published in medical fields in 2007 and
2008, although they were appearing in other disciplines. Since
2009 the number of papers has increased each year. This analysis
suggests that although the use of Twitter in medical research
came later than in some other disciplines, its use is growing and
its importance is increasing as time progresses. Initial indications
for 2012 suggest that the number of papers published both in
the area of medicine and more generally will be greater than
the numbers published in 2011.

The 2 papers in the corpus published in 2009 [28,29] and 3/8
published in 2010 [30,32,36] discussed the merits of Twitter
and whether it should be used by medical professionals. The
study of Twitter content for medical related terms was first seen
within the corpus in 2010 papers [31,35], while general
examination of terms was first presented in 2007 [1].

In the following we consider only the Twitter-focused papers
in medical related disciplines. Those papers that use Twitter or
other microblogs as a primary source and topic for research as
identified via PubMed. Multimedia Appendix 2 combines the
information presented in Tables 1-5 for all the Twitter-focused
papers.

Data
Across the papers a number of different types of data sources
were reported including surveys, user profiles, tweets (posts),
and individual words in tweets. The size of data set examined
ranged from small, with a few items, to large scale, with billions
of individual data points. Some papers were not based on data,

particularly those early papers that were introducing the concept
of Twitter.

For some papers the abstracts indicated the data studied, for
example in a paper “Use of Twitter to encourage interaction in
a multi-campus pharmacy management course” [41] the abstract
includes the following:

More than eighteen hundred tweets were made by
students, guests, and the instructor... One hundred
thirty-one students completed an optional evaluation
survey. [41]

Indicating the type of data and quantities, the full paper shows
that the students posted 1775 tweets over 6 days, as well as
indicating the use by other participants. The Twitter data was
collected by graduate teaching assistants using a Twitter list in
preference to hashtags, which the students are reported to have
found cumbersome. In other papers, the abstract provides only
partial information about the dataset. For example in a paper
“Social media & stem cell science: examining the discourse”
[38], the abstract indicates that Twitter posts are analyzed. But
the full paper needs to be consulted to identify that the
researchers used TweetDeck to collect 2 sets of tweets, one
group of 35 using the term “DeGette” over a 6 day period, and
a group of 50 using “trachea stem cells” over a 4 day period.
Similarly, the paper “Diurnal and seasonal mood vary with
work, sleep, and day length across diverse cultures” [43]
indicates in the abstract that millions of Twitter messages are
considered, the full paper provides more details:

Using Twitter.com’s data access protocol, we
collected up to 400 public messages from each user
in the sample, excluding users with fewer than 25
messages. The resulting corpus contained about 2.4
million individuals from across the globe and 509
million messages authored between February 2008
and January 2010. [43]

The paper “Implementing Twitter in a health sciences library”
[32] is a report on the establishing of a Twitter presence by the
communications team within the library. The work is not based
on data although in the evaluation section the authors do report
on the number of followers (66) the account has gathered and
classifying these in relationship to the library.

Stratifying across the different descriptions of data we identified
4 categories which can be used to describe the datasets used to
study Twitter in a medical context.

1. Large. Studies looking at vast amounts of data that would
require a team of researchers and the use of automated tools
if the data is to be analyzed in a timely manner. Typically
considering over a million tweets and/or a million accounts.
The term “big data” is often used to describe the quantity
of data in such studies

2. Medium. Studies using quantities of data that could
realistically be analyzed manually by a dedicated researcher
or a small team with limited tool support. Typically
considering thousands of tweets or accounts.

3. Small. The data handled could be reasonably handled by a
researcher alongside other tasks. Typically considering
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surveys, groups, tweets, and user profiles, with up to a
thousand items.

4. Not data based. Papers not based on data collection and
analysis.

Table 2 shows the categorization of data in the Twitter related
papers by year published. The early papers (2009 and 2010)
were predominantly not based on data, typically explaining the
affordances of Twitter. In 2011 all papers had a data element,
while there were a range of papers using large, medium, and
small scale datasets. There is an increase in large scale analysis
of Twitter from 1 study in 2010 to 6 in 2011, indicating that
computational analysis of large scale datasets of Twitter data
are becoming more common.

Domain
All the papers in this study are from PubMed and so the broad
domain is medical, however the researchers have a number of
different standpoints. Consideration was given to the selection
of domains from sub-area and disciplines of medicines, but
typically there are only a few papers in each sub-area, see Table
3.

Based on an analysis of the contents of full papers we have
identified the following broader topic, or domain, areas. Some
papers are allocated to more than one of these domains:

• Academic. Seven papers in total [30,32,34,37,40,41,48]
have an academic perspective ranging through education
for professions, libraries, and scholarly publications, to an
experimental use of Twitter with groups of students.

• General Communication. Fourteen papers
[5,6,31,35,39,43-46,50-54] examine the general Twitter
interface, and do not in any ways select individuals. These
include all the papers which analyze large scale datasets.

• Medical Professional Communication. Nine papers
[32,33,36,38,40,42,47,48,55] consider use by professionals
within an area, both among themselves and with patients,
as well as one way communication to the more general
public (including marketing).

• Targeted Communication. Two papers [38,49] involve other
identifiable groups not related to medical professionals.
one was an analysis of accounts that were identified as
related to quitting smoking [49].

• Guides. Four of the papers [28-30,36] are written primarily
as guides: all of these concentrated on explaining the
concept and purpose of Twitter.

Table 1. Number of Twitter related papers published per year.

Twitter-focused (General)Mentions Twitter (General)Twitter-focused (Medical)Mentions Twitter (Medical)Year

33002007

812002008

3670262009

2102178182010

32024820332011

Table 2. Data categorization of Twitter papers by year.

Not data basedSmallMediumLargeYear

22009

42112010

7762011
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Table 3. Sub-areas and number of papers.

Number of papersSub-area

5Psychology

4General

3Influenza

3Neurology

3Pharmacy

2Administration

2Happiness

2Nursing

1Dentistry

1Health education

1Information science

1Natural science

1Orthopaedics

1Sociology

Methods and Aspects
Initially, the papers’ titles and abstracts were read to try to
identify the methodological approach use by the researchers.
For the papers with structured abstracts and some others this
clearly indicated the approach taken. For example a paper
entitled “'What's happening?' A content analysis of
concussion-related traffic on Twitter” [54] clearly used a content
analysis approach. Following this initial pass, all papers were
examined for details of methods used. An open coding approach
was used to capture the diversity of approaches. This resulted
in across the 30 papers 53 methods identified, and not all of
which were distinct, see Table 4.

These methods were then stratified into 3 broad categories:

1. Analytic. Where the researchers had performed some type
of analysis, which may be quantitative or qualitative.
Sometimes these methods are supported by existing or new
techniques from artificial intelligence, mathematics and
statistics to facilitate knowledge discovery and mining of
information. Many of the papers use the techniques of
content analysis: for example in “Pandemics in the age of
Twitter: content analysis of Tweets during the 2009 H1N1
outbreak” [31], while in “OMG U got flu? Analysis of
shared health messages for bio-surveillance” [5] machine
learning techniques are used alongside content analysis.
Social network analysis is used in the paper “Modeling
users' activity on twitter networks: validation of Dunbar's
number” [44] to extract and analyze 25 million
conversations from some 380 million tweets.

2. Design and Development. Where systems are proposed or
built, to interact with Twitter, such systems are often
demonstrators used by the authors within their own context.
For example, in a paper entitled, “A new support system
using a mobile device (smartphone) for diagnostic image
display and treatment of stroke” [55], the method of the
work is presented as the creation of a communication system

that was piloted in the author’s hospital, the system includes
the capability to tweet to other professionals. While in
“Machine intelligence for health information: capturing
concepts and trends in social media via query expansion”
[52], the authors develop information retrieval techniques
to facilitate working with their Twitter corpus, and in “A
visual backchannel for large-scale events” [33] they describe
a system they have developed and trials that allows the
tweets related to an event to be presented graphically.s

3. Examination. Where the authors had undertaken review
and survey type works, including approaches such as: case
studies, categorizations, essays, ethnographic studies,
interviews, and investigation. For example in a paper
entitled, “Twitter as a communication tool for orthopedic
surgery” [42], they identified, categorized, and reviewed
Twitter profiles of over 400 orthopedic professionals. While
in a paper entitled “Should you be tweeting?” [28],
interviews with scientists who use Twitter are presented.
This paper would itself be classed as an examination paper.

Alongside the methods the aspect of Twitter primarily
considered in research was identified according to the 4
categories:

1. The messages (tweets).
2. The users (tweeter).
3. The underlying technology and how it can be developed.
4. The concept of Twitter without any detail of its use.

For all medical related papers it was possible to identify a
primary method and primary aspect considered by the
researchers and these are summarized in Table 5. Some papers
also were identified as having secondary aspects, as shown in
Multimedia Appendix 2.

It is interesting to note that the majority of the papers report
research using analytic methods, and the majority of this group
look at the contents of the tweets sent, rather than the users. The
6 papers using examination methods such as reviews considering
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the concept of Twitter are the same as the 6 papers in Table 2
that are not based on data. A similar classification of general
papers [23] identified proportionally many more papers using
the design and development methods. The general papers 154

of the total 575 papers primarily using a design and development
method on the message aspect. None of the PubMed papers
took this approach. Otherwise the PubMed papers do have a
similar spread to the general papers.

Table 4. Methodological approaches initially identified.

Number of papersMethods identified

12Content analysis

4Review

4Survey

2Experimental

2Graph

2Machine intelligence

2Mined

2Statistical

2System development

2System implementation

1Algorithmic

1Analysis

1Automation

1Classification

1Classification analysis

1Comparative analysis

1Correlation analysis

1Evaluation

1Examination

1Investigation

1Mathematical

1Model

1Normalisation

1Qualitative

1Simulation

1Statistics

1System design

1Text analysis

1Text mining

Table 5. Number of papers with primary method and aspect.

TotalConceptTechnologyUserMessage

1600511Analytic

62400Design and development

86011Examination

84612Total
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Discussion

Principal Results
Across PubMed 123 papers were identified that were Twitter
related; this is a very tiny proportion of the more than 21 million
citations held in the database. The first papers indexed by
PubMed were published in 2009, 3 years after the launch of
Twitter and 2 years after the first Twitter papers appeared in
other disciplines. The early Twitter focused papers introduced
the topic and highlighted the potential, not carrying out any
form of data analysis. However subsequent studies analyzed
quantities of Twitter data and one of the principal findings of
this study is the size of studies that are now possible based on
Twitter in the medical field. The first of the large studies of
over a million pieces of data was published in November 2010
[31]. Researchers are now reporting collecting billions of items
of data over almost 3 years [6]. Collecting large quantities of
data is challenging, as explained,

Our research material of tweets was gathered by
using the Twitter4J … an open-source Java library
for the Twitter Application Programming Interface
(API). The tweets were stored locally as Twitter limits
online search to one week. This strategy allowed an
increased sample size improving the likelihood of
detecting trends. Twitter API provided approximately
one per cent of all real-time tweets. Our tweet corpus
included English tweets over fourteen days. The data
was gathered during 4 Jan 2011 at 13:36–20:10 EST
with 300,000 tweets and 582,975 words. [52]

The Edinburgh Twitter corpus of 97 million tweets was used
in one paper [5], however that corpus is no longer available due
changes to Twitter’s current terms and conditions [163]. This
means researchers are no longer able to share corpuses of
Twitter data and so the handling of large sets of data need teams
to include the expertise and capacity to extract, store and
manipulate large quantities of information. Teams also need to
be aware of limitations placed by Twitter on developer’s access
to Twitter data and the possibilities of changes during the
lifetime of a project. Likewise the methods for understanding
the data collected are moving on from what can be undertaken
by lone researchers using qualitative approaches, and while the
methods used are still broadly analytic they are using techniques
from knowledge discovery and mining of information [40].

Limitations
Limiting the papers examined in this study to those indexed in
PubMed between 2007 and 2011 means that there is a body of
work published since the start of 2012 that is not considered.
While PubMed indexes some 5400 journals there are journals
not indexed, including those not in English. A lot of papers
published on the subject of Twitter are in conference
proceedings. For instance, the Scopus database [161] returns
approximately twice as many conference papers as journal
papers on the subject (across all fields not just medicine), and
there are many conferences that are not indexed. Over and above
papers there are many blog posts reporting medical use of
Twitter. For example, Bottles [164] describes his personal use
of Twitter, and Neylon [165] discusses links shared by nurses.

However there is no reliable way of identifying all such posts,
nor is it possible to guarantee the posts will remain available.
The selection of a single data source does mean that the study
is reproducible, and based on published, peer-reviewed research
rather than accounts and reflections by individuals. Future
comparison can be done on a year by year basis to trace the
changing use of Twitter in the medical domain.

Searching on the MeSH terms did not prove useful in
highlighting relevant papers. Given the terms “Twitter
messaging” and Twitter messenging” were only added to the
vocabulary during 2010 this is not totally surprising, although
we did expect to see some use of these terms in the most recent
publications. This indicates that the MeSH vocabulary system
is not being adequately used by authors and publications writing
about Twitter, which is problematic given that it is the only
faceted search available in PubMed.

The word “twitter” is sometimes used in medical related research
with its original meaning. Papers that did this were discounted
from this study. Potentially papers may be incorrectly excluded,
for example a paper that related both patients with twitters and
who used microblogging. We do not believe this was the case
in the papers considered here but it is certainly a potential
limitation with the approach.

Given that this paper covers only the first few years of academic
research in the area of Twitter, it is likely that some of the
approaches reported upon are fledgling and that over the next
years the methods applied will reach a degree of maturity that
will impact on the broad methodological classification presented
here.

Analysis of Papers’ Findings
The papers reviewed and categorized here were diverse in their
finding and conclusions. Of the findings many were closely
linked to the domain of study rather than the use of Twitter or
social media in general. For example, the findings and
conclusions of Golder and Macy [43] all relate to mood change
and day patterns. There was no discussion as to the use of
Twitter as a source of data.

In the papers in the domain of professional communications,
where usually papers concentrate on the concept of Twitter,
rather than findings extrapolated from Twitter data, the approach
was usually a review or other method classified above as
examination. These tended to conclude that they had introduced
Twitter and highlighted its potential. Although some were less
enthusiastic.

Despite the growing popularity of social media across
multiple disciplines, the majority of pharmacy
preceptors surveyed were not willing to use these
venues in professional practice. [47]

Papers looking at medium and large data sets often included
indications that their work illustrated the potential for studies
in medical related area to use Twitter and other social media
data.

The study adds to evidence supporting a high degree
of correlation between pre-diagnostic social media
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signals and diagnostic influenza case data, pointing
the way towards low cost sensor networks. [5]

Also among these studies authors indicate that the abundance
of data will change the way in which researchers approach their
studies [6].

Conclusions
This work is to the best of our knowledge the first broad study
of medical related research based on Twitter and related
microblogging. We have identified that medical related research
in this area was first published in 2009 and that the number of
papers has increased in both the following years.

From the some 5400 journals indexed by PubMed, we have
identified thirty papers that focus on Twitter and 57 that mention
it. There are also a number of papers in which the term twitter
is used with its original meaning and not at all related to
microblogging. There are some papers indexed that appear to
relate to Twitter but do not have abstracts further investigations
shows these to be editorial or news type items as opposed to
academic oriented papers. Further work will need to be
undertaken to identify and classify work beyond the academic
papers indexed by PubMed, this would include diverse sources
such as book chapters, conference proceedings, and blog posts.

While the early Twitter-focused papers were predominantly
introductory explaining to the readership what Twitter was about
and considering its potential, we are now seeing work reported
were researchers have examined large quantities of Twitter data,
using these large data sets to obtain better understanding of
topics within medicine. We have classified this usage of data
into 4 categories: large, medium, small, and no data. This access
to large amount of data stemming from individual tweets
coupled with metadata of location, time of day, networks of
followers holds potential for many future studies building on
existing work such as identification of the spread of infectious
diseases but it has also potential for the identification of
previously impossible studies based on personal thoughts put
into a public space. While most studies use methods that can
be broadly classed as analytic, the large quantities of data mean
that analysis techniques that facilitate knowledge discovery and

mining of information are starting to be used. As the number
of research papers grows, the dimension of domain will need
to be revisited as other stratifications may become possible.

The results presented here will provide researchers with an
insight into the medical domain and Twitter use, where there
is work in related sub-areas that can be used to inform new
studies and those that have still to be studied rigorously. The
large data studies that have completed certainly have information
on techniques for data collection and method for analysis that
will be useful in other domains. Identifying areas where further
research is needed is difficult, but we would suggest that the
following are neglected areas within the realms of twitter and
medicine:

• Outreach and investigating the reach and scope of Twitter
messages. Although Prochaska et al [49] have reviewed the
content of accounts related to Quitting Smoking, none of
the studies have investigated the reach of such accounts, or
the best ways to use them.

• Public engagement. While Adams et al [38] have
investigated what is said about their subjects, there are no
investigations where discussion is invited or prompted
surrounding medical areas.

• Legal and ethical issues. While a number of papers
(particularly the early ones [28,29]) discuss the general use
there are no academic studies of the ethical issues of
medical professionals using Twitter, nor any detailed studies
of the legal implications of using Twitter in a medical
context.

This study provides a framework within which researchers
studying the development and use of Twitter within medical
related research will be able to position their work and against
those undertaking comparative studies of research relating to
Twitter in the area of medicine and beyond will be able to
ground their work. We have provided an analysis of the use and
usefulness of microblogging within medical fields at a time
when social media is being increasingly used for research
purposes across many domain and in a reproducible manner,
which can be built upon in future as more studies are published.
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Abstract

Background: While there is an abundance of evidence-based practice (EBP) recommendations guiding management of various
chronic diseases, evidence suggesting best practice for using social media to improve health outcomes is inadequate. The variety
of social media platforms, multiple potential uses, inconsistent definitions, and paucity of rigorous studies, make it difficult to
measure health outcomes reliably in chronic disease management. Most published investigations report on an earlier generation
of online tools, which are not as user-centered, participatory, engaging, or collaborative, and thus may work differently for health
self-management.

Objective: The challenge to establish a sound evidence base for social media use in chronic disease starts with the need to
define criteria and methods to generate and evaluate evidence. The authors’ key objective is to develop a framework for research
and practice that addresses this challenge.

Methods: This paper forms part of a larger research project that presents a conceptual framework of how evidence of health
outcomes can be generated from social media use, allowing social media to be utilized in chronic disease management more
effectively. Using mixed methods incorporating a qualitative literature review, a survey and a pilot intervention, the research
closely examines the therapeutic affordances of social media, people with chronic pain (PWCP) as a subset of chronic disease
management, valid outcome measurement of patient-reported (health) outcomes (PRO), the individual needs of people living
with chronic disease, and finally translation of the combined results to improve evidence-based decision making about social
media use in this context.

Results: Extensive review highlights various affordances of social media that may prove valuable to understanding social
media’s effect on individual health outcomes. However, without standardized PRO instruments, we are unable to definitively
investigate these effects. The proposed framework that we offer outlines how therapeutic affordances of social media coupled
with valid and reliable PRO measurement may be used to generate evidence of improvements in health outcomes, as well as
guide evidence-based decision making in the future about social media use as part of chronic disease self-management.

Conclusions: The results will (1) inform a framework for conducting research into health outcomes from social media use in
chronic disease, as well as support translating the findings into evidence of improved health outcomes, and (2) inform a set of
recommendations for evidence-based decision making about social media use as part of chronic disease self-management. These
outcomes will fill a gap in the knowledge and resources available to individuals managing a chronic disease, their clinicians and
other researchers in chronic disease and the field of medicine 2.0.

(Med 2.0 2013;2(2):e3)   doi:10.2196/med20.2717
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Introduction

Overview
Presently, no rigorous frameworks exist informing how to
generate evidence of improved health outcomes from social
media use in chronic disease management based on robust
research design. We wish to address this problem. The work
presented in this paper is part of a larger research project, which
has two aims. First, on a theoretical level it aims to develop a
framework for generating evidence of improved health outcomes
from social media use as part of chronic disease
self-management. Second, on a practical level it aims to produce
a series of recommendations for clinicians suggesting
evidence-based decision making about social media use in the
same setting (ie, best practice for using social media). We also
recognize the shortcomings of much of the research in this
domain. Namely, there is a failure to discuss and unpack
fundamentals within the research context. In the case of this
research, addressing the above study aims requires careful
consideration of the following key concepts: social media,
evidence-based practice (EBP), affordances, and patient-reported
outcomes (PRO). They will be outlined and described in more
detail.

Background

Social Media in Chronic Disease Management
Attempts to ratify definitions of social media remain
problematic, partly because agreements remain elusive.
However, the underlying principles of communication,
participation, collaboration and user-centeredness are
commonalities [1]. Social media are essentially the services that
foster the aforementioned activities and examples of platforms
include: social network sites (SNS), blogs, wikis, and video
sharing services to name a few [2,3]. In their current form, they
may be seen as more highly evolved relatives of Internet 1.0
applications, displaying high social functionality and interaction
[4]. 1.0 Internet applications can be seen in simple email and
basic websites designed essentially for sourcing information,
not creation and sharing [4].

People dealing with chronic disease are increasingly
communicating their health concerns online, with poorer health
status, stigmatization, isolation, and disconnection outlined as
major reasons [5]. Social media have created new opportunities
for management, not only for the way in which patients
self-manage their conditions but also for clinicians who treat
them [5]. These platforms allow patients to choose how they
share and receive health information, creating a greater
user-centric, engaged, and collaborative experience [6].

Evidence-Based Practice
Despite the apparent infiltration of the social Web into chronic
disease management, there is a challenge for clinicians who
wish to use social media in patient management within an
evidence-based practice (EBP) framework. The challenge is

establishing robust recommendations for their use based on best
available evidence, while also taking into consideration both
clinician expertise and patient preferences [7,8]. We therefore
pose the question: How can social media use in chronic disease
be approached in a more evidence-based manner?

EBP refers to providing the most effective care to patients based
on the best available evidence [7,8]. While this seems
self-explanatory, in practice implementing EBP is not always
so simple. Traditionally EBP requires clinicians to have the
necessary skills, time and effort to sort through research and
implement it with their patients. These factors are one possible
reason that EBP is not always adhered to clinically [7].

A four-step process [7] suggests that to improve clinician
adherence to EBP, the clinician: asks an answerable question
about the problem, finds best evidence for management,
critically appraises the evidence and integrates it with the unique
needs of the patient in mind. However, in order to do this and
satisfy EBP principles, a further set of steps [7] outlines that
clinicians need to: be aware of valid evidence, accept the
evidence to change practice preferences, correctly apply the
evidence, have the necessary tools and resources available to
do so, act upon the evidence, inform and agree upon treatment
with the patient and have patients adhere to the course of action.

This conventional approach to EBP provides the scope for the
current research and is applicable to how social media in clinical
practice may be considered. As highlighted above,
evidence-based decision making about social media use in
chronic disease to improve health outcomes also relies not only
on an efficient set of processes but on the best available
information and guidance being available to clinicians,
researchers and patients to make informed decisions [8].
However, the current problem faced with social media use is
the relative paucity of high quality literature definitively
examining its use in chronic disease management, specifically
regarding their effectiveness to improve health outcomes and,
therefore lack of research to reliably inform these decisions [9].
One might argue that our knowledge of social media use in
chronic disease does not support EBP and needs further
refinement.

Offline approaches to chronic disease management have been
commonly “unidirectional”. This means they have emphasized
clinical research findings above all else, suggesting research
should inform clinical practice [8]. However, advancements in
technology have caused such processes to evolve. Information
flows are now more circular and incorporate information from
a variety of sources to inform EBP. Such sources of information
include clinician expertise, clinician experience, patient views
and patient preferences as part of the decision-making process
[8]. Social media use may be broached in the same way. The
advent of the social Web represents a shift in how evidence of
health outcomes in chronic disease can be generated, as patients
are choosing how and when they access information to help
manage their condition. It presents a culture of “shared
responsibility” among multiple stakeholders [10].
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Therapeutic Affordances
“Affordance” as a theory may be relatively foreign to health
care and more specifically to this research in understanding how
social media are used in chronic disease management to affect
health outcomes. Notably, this is perhaps because its origins
are from perceptual psychology. However, it has been
appropriated to human-computer interaction [11,12]. The idea
underlying affordance is that it attempts to explain how people
perceive things in their immediate environment differently,
perceiving what an object is potentially useful for, not simply
what it is [11]. It is for this reason that people must first perceive
what an object can be used for before they interact with it.
Affordances are perceived uniquely by each of us, suggesting
why some people use the same objects differently to others [11].
Within a technology setting, the affordance concept is further
refined. While the idea behind an object’s actionable possibilities
needing to be perceived is important, the emphasis is placed on
the unique relationship that exists between the object and the
individual [12]. Greater emphasis is therefore placed on past
experiences, end goals for use and one’s belief/value system.
Essentially the individual’s goal and context for use will lead
to a different perception of the affordances [12,13].

Contemplating the importance of the therapeutic affordances
of social media has been a key motivation behind our work. We
theorize that different social media interactions can precipitate
different effects for different people self-managing chronic
disease. We anticipate that this approach may help to guide
researchers when conducting research projects in this domain
and also guide clinicians when deciding whether social media
may form a meaningful part of patient management.

Patient-Reported Outcome Measurement
Patient-reported outcome (PRO) measurement has long been
an accepted means to evaluate the success of medical
interventions and present evidence of changes to health
outcomes. This approach is intended to foster the patient’s
perspective of an intervention via outcome measure
questionnaires [14]. They provide quantitative data from a
patient’s responses to allow the researcher to measure change
from the patient’s own perspective, essentially providing a
means to quantify qualitative information [14].

The chronic disease landscape in particular pushes us to establish
valid PRO measurement research methodologies. The breadth
of chronic conditions (eg, chronic pain, cancer, diabetes,
arthritis, depression, fibromyalgia, etc) creates a relative lack
of consistency in regards to the measures chosen to assess health
outcomes. In chronic disease, PRO tools are generally designed
to assess functional limitations, symptoms, health status and
health-related quality of life (HRQL) [15]. Common
questionnaires that have been utilized in studies of social media
include: the visual-analogue pain rating scale, profile of mood
states, depression anxiety and stress scales and the SF-36 [16].
This variety highlights the need for validated PRO tools to
address this problem, allowing research findings to be
standardized, generalized and comparable across a range of
chronic diseases and different studies.

Methods

To consider how to generate evidence of health outcomes from
social media use we propose a dual method that harnesses both
qualitative and quantitative research findings and allows them
to be combined.

The first part of the method focuses on identification and
examination of the therapeutic affordances of social media that
can help to explain how use of these platforms may underlie
favorable health outcomes.

We feel that it is important to examine more closely by what
mechanisms social media actually impact health outcomes. As
implied in [9], research to date has not adequately examined
patient perceptions towards different media and their effect on
health outcomes. Propositions are made that future social media
research in this domain should consider frameworks that may
be used to approach and evaluate what components of social
media interventions are best suited to different patient contexts
and needs. This approach may help bolster a more effective
combination of both online and offline support in chronic disease
self-management [9]. It is here that we believe examination of
the therapeutic affordances of social media may hold valuable
information.

We have conducted an extensive review that has been published,
of empirical and theoretical literature in order to define
potentially therapeutic affordances of social media in chronic
disease management [17]. The findings of this review formed
the foundations for an online survey we have recently closed
that targeted approximately 200-250 people with chronic pain
(PWCP), recruited from large online health networks, smaller
online pain support communities and chronic disease
organizations, as well as international pain organizations. The
survey and its findings will be an important next step in
development of this framework, as it aims to refine our findings
and understanding of individual perceptions towards health
outcomes experienced from use of social media (specifically
considering these therapeutic affordances).

Chronic pain has been selected as a suitable subset of chronic
disease self-management for our study purposes. The reason is
because while chronic pain is a recognized chronic disease in
its own right, it is also a common manifestation or comorbidity
of many other chronic diseases. This provides us an opportunity
to generalize across various chronic diseases in the clinical
setting. This is further highlighted in the same literature review
we have conducted, presenting examples of various social
Web-based interventions impacting health outcomes in chronic
pain related studies [17].

The other part of the method focuses on validated and
appropriate outcome measurement to reliably assess health
outcomes from social media use (that more specifically
considers these affordances).

Pertinent to our current research is that social media’s validity
as chronic disease management tools is uncertain and still largely
untested. Formal measurement of health outcomes is required
to actively assess whether social media interventions are
effective for improving health outcomes in chronic disease [15].
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In our case, we refer to tailored interventions specifically taking
into consideration the therapeutic affordances of social media.
In order to measure effectiveness rigorously, both qualitative
and empirical information about these affordances, combined
with validated PRO measurement, are required to assess effect
on health outcomes. We require an instrument that has been
shown to be valid and reliable to assess PRO across a range of
chronic diseases and for a range of different outcomes. We plan
to test the ability of one such tool (to be further described in
this paper) to produce clinically significant and replicable
evidence of health outcomes from social media studies
considering therapeutic affordances.

Results

Evidence of the Therapeutic Affordances of Social
Media in Chronic Disease Management
Our literature review identified evidence of self-reported health
outcomes and other effects seen from social media use in
different chronic disease scenarios. This evidence is presented
in full in the review, which has been published elsewhere [17].
To briefly summarize, we were able to highlight associations
between various social platforms and improved health outcomes.
However, relationships and linkages are more difficult to infer.
Without closer evaluation, review tenuously explained the
connection between platforms and outcomes, doing little to
describe what patients attribute any improvements to or how
social media meet their individual needs. Upon closer
investigation it was possible to qualitatively identify a series of
therapeutic affordances that we hypothesize may better explain
mechanisms behind how social media have an effect on health
outcomes. The affordances that appear significant in this regard
we have labeled: identity, flexibility, structure, narration and
adaptation [17]. These therapeutic affordances form the core
information we are further exploring in the online survey. We
will refine them and further examine their presence or absence
via the aforementioned survey results to enable us to explore
their perceived value in more detail before formal clinical
effectiveness can add further validation via a planned pilot
intervention. While we expect that different researchers and
clinicians will have their own opinions and ideas regarding
social media’s affordances, we believe this structure presents a
robust approach for generating evidence of health outcomes
from social media use.

Measuring the Effectiveness of the Therapeutic
Affordances of Social Media: PRO Measurement
We have decided to explore and utilize a particular instrument
of PRO measurement, the Patient-Reported Outcomes
Measurement Information System (PROMIS). We are doing
this because PROMIS is an item bank system of commonly
studied PROs that has been tested and calibrated, demonstrating
good reliability and validity across a range of chronic diseases,
and shows moderate to strong correlations with other common
outcome measures [18]. PROMIS provides great scope for this

research as its generalizability has the advantage of allowing
comparability across a range of chronic diseases, as item banks
are not designed to differentiate subtypes of symptoms from
different diseases (ie, pain in fibromyalgia vs pain in arthritis
for example) [18]. Rather, they aim to delineate based on
severity of symptoms or impairment of function. The focus is
on physical, mental, and social health (including sub domains
of: physical function, pain, distress, fatigue, social function,
global health, etc). The aim is that this would be appropriate
for patients with a wide range of chronic diseases [18] and has
the potential to address the generalizability and consistency
issues that come from combining two complex areas—chronic
disease and social media.

Discussion

Overview
While literature exists outlining health outcomes from social
media use, few attempts have been made to investigate how
social media operate to meet the specific and individual needs
of different chronic disease patients. As more social media uses
emerge and further reports are published, researchers will require
even more comprehensive methodologies and meta-analytic
research designs to synthesize collective knowledge in the quest
towards incorporating social media use into EBP [9,10]. The
information presented in the results section forms the basis of
our proposed framework below.

Our Proposed Framework
Our proposed framework represents a research approach for
generating evidence of health outcomes from social media use
in chronic disease management (Figure 1). Its design also
provides the basis for evidence we expect to see of health
outcomes from social media use; as well it forms the basis for
informing practical recommendations for health professionals
to assist them with their decision-making about social media
use for patient self-management.

The proposed framework follows several steps. First, taking
into account the uses and interactions social media affords
people with chronic disease, the framework begins with a
thorough review of the literature of social media use in chronic
disease management [17]. Second, people with chronic disease
are surveyed regarding their perceptions of the therapeutic
affordances of social media and how social media use may lead
to health outcomes. Then, they undergo an online pilot
intervention testing how social media can be targeted
(considering these affordances) to better tailor management to
individual needs. Finally, PRO from both survey and online
intervention are measured using specific item banks from
PROMIS to provide empirical evidence of health outcomes.
Using standardized PROMIS item banks allows for health
outcome questions in the survey and online intervention to be
tailored depending on the chronic disease being studied, as well
as the primary outcome measure of interest (ie, pain interference,
physical function, mood, cognition, sleep, QOL, etc) [18].
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Figure 1. Generating evidence of health outcomes from social media use.

Progress to Date and Future Directions
As outlined, progress to date has expressed the complexities
involved and how important it is to be systematic when
approaching the study of health outcomes in chronic disease
using social media. This is why we feel research would benefit
from frameworks detailing the evidence synthesis process. We
began our research by examining the chronic disease landscape
to gain a deeper knowledge of management both offline and
online. This enabled a more focused approach to then explore
social media (culminating in the literature review that we have
alluded to [17]). We emphasize and introduce the concept of
“therapeutic affordances” of social media because current
research lacks discussion of the connection between use and
health outcomes. Despite affordances being a somewhat
enigmatic construct, the affordance approach to social media
has recently been studied in a similar fashion across other
domains. For example, one study published in peer-reviewed
literature describes affordances in organizational communication
processes [13]. We bring the same concept to chronic disease
management and hope that its applicability can be further
explored within a variety of health scenarios.

The global online survey is now closed and recruited 231
participants. In the coming months we plan to present findings
of the survey and describe them in a future paper, which is
currently beyond the scope of the present paper. We anticipate
the results will provide a refined understanding of both how
social media affect health PROs and also how people with
chronic pain perceive this to be so. The steady flow of contact
and interest in the survey, and coherence of preliminary results
indicates that participants have been able to follow and make
sense of the work. This provides early evidence and validation
supporting the theoretical basis of our framework. Unfortunately,
this is not expected to be rigorous enough to inform
decision-making about social media use in the clinical setting.
Future plans of our research are to conduct a pilot intervention
in order to further develop and validate our framework and bring
us one step close to evidence-based decision making about
social media use in chronic disease self management.

Strengths and Limitations
Standardized outcome measurement lies at the heart of bringing
our research together and without it the reliability, validity, and
generalizability of this project will be of limited value. For this
reason we have selected and discussed PROMIS as the outcome
instrument we are using to investigate the PROs in both our
survey and also the pilot intervention. PROMIS has many
strengths that suit this research. Its item banks (or outcome
domains) can be translated into “short-forms” of targeted
questions to suit any study, its item banks have been tested
amongst large heterogeneous patient cohorts and they have been
tested against other commonly used outcomes measures [18].
However, perhaps the biggest strength of PROMIS lies in its
ability to be applied to a wide range of chronic conditions and
to measure a wide range of functional outcome domains,
correlating strongly with all. No questions are specific to any
one cohort of patients, they are generalizable and therefore
permit a large range of participants to supply PRO data without
needing to be too disease specific [18]. For this reason we
believe it is ideal as it can fit into the survey approach and then
be cross-referenced to a pilot intervention. This also allows for
researchers conducting future studies into the health outcomes
from social media use in chronic disease to substitute the
functional outcome domain to reflect their own study’s interests
and needs.

Conversely, we acknowledge that while initial PROMIS item
banks have been shown to display reliability, validity and
accuracy when compared to other common outcome measures,
longitudinal data is still to be finalized. PROMIS researchers
are confident however, that this will also be shown [18].

Future Considerations
As research and clinical practice progresses, the challenge for
clinicians who plan to use social media in patient management
or recommend them as part of individual self-management will
persist. This will continue unless research into social media in
this domain establishes evidence-based frameworks [8]. While
we have previously found that there is a paucity of rigorous
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studies investigating the health outcomes of social media use
[17], a 2013 study investigating Web 2.0 chronic disease
self-management has been published that goes some way to
addressing this [9]. The authors propose use of the Reach,
Efficacy, Adoption, Implementation, and Maintenance
(RE-AIM) framework for “evaluating” the effectiveness of Web
2.0 interventions in a methodical evidence-based fashion. The
framework is described in [19] and is a five-step method that
describes the reach, efficacy, adoption, implementation, and
maintenance of social media interventions for chronic disease
self-management. It is hypothesized that visiting the RE-AIM
framework may be helpful to develop social media interventions
that are more likely to be adopted in practice [9,19,20]. It is
certainly worthy of further consideration. The aim of the current
research is to support the same spirit of evidence-based Web
2.0 interventions in clinical practice, thus making social media
use in chronic disease management more accountable. Evidence
of the benefits and/or limitations of social media use will greatly
enhance the potential of these technologies in the future.
However, while the RE-AIM framework is used for study

“evaluation” purposes, our research puts forward a unique
“evidence-generation” framework for consideration in future
studies. This is to aid in informing research design from the
early research phases, not just at the intervention success
evaluation stage.

Conclusions
Our research to date on framework development for conducting
research into health outcomes in chronic disease centers on a
deeper investigation of the therapeutic affordances of social
media in this context. Second, we emphasize the importance of
valid and standardized PRO measurement. Together, affordances
and PRO form the basis of a novel methodological approach
for how to generate evidence of health outcomes from social
media use, as well as clinical recommendations for
evidence-based decision-making about social media use in
chronic disease management. With further work and
collaboration, this research method and framework may aid
research design for social media interventions and allow for
greater improvements in health outcomes to be recognized.
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Abstract

Background: Affordability, acceptability, accommodation, availability, and accessibility are the five most important dimensions
of access to health services. Seventy two percent of the Indian population lives in semi-urban and rural areas. The strong mismatched
ratio of hospitals to patients, rising costs of health care, rapidly changing demographics, increasing population, and heightened
demands in pricing for technological health care usage in emerging economies necessitate a unique health delivery solution model
using social media. A greater disease burden lies in the health care delivery in developing country like India. This is due to the
lack of health care infrastructure in the majority of semi-urban and rural regions. New techniques need to be introduced in these
regions to overcome these issues. In the present scenario, people use social media from business, automobiles, arts, book marking,
cooking, entertainment, and general networking. Developed and advanced countries like the United States have developed their
communication system for many years now. They have already established social media in a number of domains including health
care. Similar practice incidences can be used to provide a new dimension to health care in the semi-urban regions of India.

Objective: This paper describes an extended study of a previous empirical study on the expectations of social media users for
health care. The paper discusses what the users of social media expect from a health care social media site.

Methods: Multiple regression analysis was used to determine the significance of the affect of four factors (privacy, immediacy,
usability, and communication) on the usage of health care social media. Privacy, immediacy, usability, and communication were
the independent variables and health care social media was the dependant variable.

Results: There were 103 respondents who used the online questionnaire tool to generate their responses. The results from the
multiple regression analysis using SPSS 20 showed that the model is acceptable, with P=.011, which is statistically significant
on a P<.05 level. The observed F value (2.082) in ANOVA was less than the given value in the F table (2.61), which allowed us
to accept the hypothesis that the independent variables influence the dependant variable. The users of social media in India expect
that they can best utilize social media through emergency service information. They want to be able to learn the operations of
the social media site quickly and expect to know about health camps and insurance collaborations. However, people like to become
friends with people with similar interests based on their interests identified.

Conclusions: Health care social media requires intelligent implementation in developing economies. It needs to cater to the
expectations of the users. The people in India, especially those in urban and semi-urban regions, are very interested in accepting
the system.

(Med 2.0 2013;2(2):e4)   doi:10.2196/med20.2720
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Introduction

Background
Social media is now a buzzword in the new generation of digital
communications. Social networks are networks that link people
and machines [1]. The way the world saw Web 1.0 during
1990’s [2] has completely changed by the emergence of social
media. Mobile and handheld devices having social networking
applications at affordable prices have made people more
conversant with social media usage. In the present scenario,
people use social media right from business, automobiles, arts,
bookmarking, cooking, entertainment, and general networking.
It has created a highly collaborative virtual environment where
individuals and communities share, and modify user-generated
content. This process mostly employs mobile and Web-based
technologies [3]. Social media has created a change in the
society and is getting deployed in various domains. It is being
tested for its effectiveness for different levels including health
care. This change is dramatic in health care where the focus has
shifted from costly high-tech health care to non-traditional health
care using social media.

In developing countries, a number of attempts have been made
to reform health care for the underprivileged. However, it is
mostly the private sector players [4] who create a difference for
the underprivileged. Besides the local players and entrepreneurs,
there are other successful efforts in health care delivery for
developing telemedicine like Voxiva, IBM health care solutions,
De Novo Group, Arvind Eye Care System, Narayana
Hrudayalaya, and Pilot Projects by Indian Space Research
Organization (ISRO) with Apollo Hospital. Moreover, wide
prevalence of mobile usage adds to the flexibility of the health
care delivery system in India. Recent reports on mobile usage
shows that India constitutes 10% of the total mobile usage in
the world. This is very clear when we look at the 1.2 billion
population residing in India out of which 72% belong to rural
areas.

Moreover, technology has influenced the spread of information
and the manner it can be disseminated to the world. Media and
its landscape has seen significant transformation in the last
decade and social media is increasingly replacing the traditional
media [5-8]. The wide acceptance of social media for the last
few decades has triggered research comparing traditional media
and social media [9]. They have been analyzed for usefulness
in various domains such as marketing communication, cost
effectiveness, sales performance, health care and so on. An
individual's social network is the one surrounded by network
of relationships and its ties [10]. A general tendency of influence
of social media has been noted from the online users, for
instance, book reviews affects the sales [11,12]. However,
researchers have also confirmed the interrelatedness of both the
media [6,9,13].

The developed and advanced countries like the United States
have developed their interrelated communication system many
years from now. This includes the usage of social media in
almost every domain including health care. Manhattan Research
Group found long back in 2002 [14] that the total e-Patients
zone of influence was 166.5 million Americans. The

introduction of new technologies and interrelated media has
made the society well informed about the happenings in the
other parts the world too in various ways. The modern Indian
society is now well informed of the new technologies being
developed for health care too. Conversely, they are ignorant
about the learning, usage, and outcomes of the same. There lies
the issue of “Technology to Health (T2H)” Gap [15].

The world average of beds per 1000 patients is 2.6 where as in
India it is only 0.7 [16]. This is just an example of poor
infrastructure in India. Chaudhry et al, (2005) [17] has given a
picture of Indian villages which has also revealed that
households descent into poverty [18] due to three principal
factors, that is, health expenses, high-interest private debt, and
social and customary expenses of which health care expenses
figured prominently in more than half of all cases of decline
into poverty. Countries all around the world especially the
BASIC (Brazil, South Africa, India, and China) are struggling
to address the ever-increasing costs, poor or inconsistent quality,
and inaccessibility to timely health care.

Everyone needs similar levels and quality of health care services
particularly five dimensions of access to health services as
affordability, acceptability, accommodation, availability, and
accessibility [19,20]. The strong mismatch of ratio of hospitals
to patients, rising costs of health care, rapidly changing
demographics, increasing population and heightened demands
in pricing for technological health care usage in emerging
economies necessitate a unique health care reform. The health
care system is getting unmanaged by the high-technology
introduction as well as high price points of the interest groups.
Furthermore, it is adding to the already existing realm of new
and costly technologies in health care [21].

However, these challenges can be relieved for those who might
use information technology to an extent by knowing about
similar kinds of patients with same disease patterns, share their
experiences and many more by the introduction of a one step
ahead social media tool for health care. Thus, social media for
health care as technology intervention strategy in information
technology may exert their influence through both volume and
price effects. Technological interventions at every stage in
innovation will direct to sustainable health care system
especially in the emerging economies context. Research has
also confirmed the value addition and trust involved in a
continuous online development of the contents for patients [22].

The augmentation of health care delivery system needs a large
reform in the developing economy context. This is directly
derived from the poor health care scenario presented in the
semi-urban and rural regions. The reform through information
and communication tools (ICT), that is, social media might be
looked at provided the users are given training. This leads to
various research issues. They are: What are the factors that
determine the health care social media? Would the people in
semi-urban and rural regions of developing countries prefer the
intervention to other existing systems? How much information
sharing would they be comfortable with? How much would
they expect from the health care social media given to them?
Hence, this leads to an organized and methodical study of these
issues.
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This paper makes an attempt to analyze the expectations for
health care social media of the already existing users of the
social media. The expectations are measured in terms of Privacy,
Immediacy, Usability [23], and Communication [24,25].

Technology to Health Gap in India
It is true to state that these health care reforms are seen mostly
in the developed countries. There are few instances of social
media usage for health care in the metropolitan areas in India.
The world average comparison is just an example of poor
infrastructure in India. Amrita et al 2010, [15] mentions that
the “T2H Gap” in health care originates from the adversities of
affordability, accessibility, and availability. An adoption of
proper ICT based health care model for cheaper and quality
health care can alone solve this problem to a great extent.

It has also been observed that the wide prevalence of mobile
usage adds to the flexibility of the health care delivery system
in India. Recent reports on mobile usage shows that India
constitutes 10% of the total mobile usage in the world. The
Internet users in India are 11.4% [26], which shows information
technology can provide a new platform for them.

The World Health Statistics 2012 [27] shows the inadequate
health care infrastructure and workforce. The urban regions
have four times more doctors and three times nurses than in the
rural regions in India. Even though India has quality education
and medical institutes, most of them are located in urban regions.
This results in health care services deficits in semi-urban and
rural regions. The private health sector is currently leading in
the service delivery. The statistics show it has 80% of all
doctors, 26% of nurses, 49% of beds, and 78% of ambulatory
services and 60% of in-patient care. This leads to maximum
out-of-pocket expenditure by the large semi-urban and rural
population. The gap in health care demand and supply can be
met when we implement unique service delivery models in
health care using social media.

The motivation of this paper lies in the huge prevalence and
acceptance of viral marketing and social media marketing by
the people in India. It shows that they are open to new
dimensions for comfortable lives. It has already been seen that
the drug companies are using social-media to promote their
brands. Research has reported positive inclination towards the
belief levels for using wiki-based information for health care
[28]. Hence, information technology through social media can
be used to create better health care information in India.

Why Health Care Social Media in India?
There are a number of health care networks which includes
doctors, patients, nurses, pharmacists and who so ever are
interested in health care. There are also a number of applications
in the Internet including Google health, medicine 2.0 and health
2.0. All of them target to the population who are already using
Internet and can understand computer and information
technology. It has been seen from the survey of Internet, that
there are many social media networks which deal with doctor
networks, nurses’ networks, popular disease support forums,
health blogs, patients’ voices, and expert answers.

It might also be stated that various efforts have been made to
make health care accessible for the rural and semi-urban
population. These efforts are more towards the use of mobile
and hand held devices for transferring patients’ information to
the relevant doctors. Mobile hospitals and similar efforts have
also been made in parts of Africa and Brazil.

The growing body of literature on social media and health care
is generally concerned with the advertisers to find new
customers. However, scarce literatures of social media for
effectiveness of health care especially in developing countries
have been viewed.

Mobile phones for health care are on the cusp of spurring an
information revolution in such regions [29]. Studying the
expectations and influencing variables of a social media network
around the usage of mobile technology in coordination of a
public-private-partnership might lead to the cost cutting of
expenditure on health care. Lot of work is being done in social
media domain for finding effectiveness of marketing, advertising
and consumer relations. However, it has not been seen in the
perspective of health care delivery in semi-urban setting in
emerging economy. Authors present in this paper the
expectations of the users of developing economy, who would
intend to use such a health care social media. These expectations
in future can be utilized to implement such system for the
semi-urban and rural regions in such economies.

Objective
Social media provides an substantial amount of information,
having the potential to attract significant audience [30]. The
similar practice incidences can be used to provide a new
dimension to the health care in Indian semi-urban regions.
Before we move to the specifications of understanding what
the semi-urban users of social media in India, it is required that
we understand what the existing users expect. The factors that
affect the users of health care social media were found in the
previous work [24]. These factors are not tested to answer the
key question: Which are the most influencing variables that
affect the expectations of users of health care social media in a
developing country?

There are a number of health care networks, which includes
doctors, patients, nurses, and pharmacists, who are interested
in health care. Most of them target to developed and advanced
countries. There are not many studies that refer to the developing
country perspective. Hence, the objective of the paper is aligned
with the aim to understand the social media users in developing
country. This might lead us the way to realize how we could
proceed further for building any social media tool for developing
countries.

Methods

Overview
Researchers on social media techniques have mentioned seven
functional elements [3]: identity, conversations, sharing,
presence, relationships, reputation, and groups. Many other
researchers have confirmed and cited these building blocks of
social media as attributes for online strategy, public affairs [31],
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product development through co-creation, tourism, health care
[32], and many more not mentioned here.

This study is based on the primary data collected during January
2013 using a survey questionnaire form created in the Google
forms in the Internet. This work is based on our previous
published paper [24], where we determined significant
components for health care social media. We reported in our
previous work that: privacy, immediacy, and usability are most
the significant factors for health care social media. The results
showed that the users of social media have significant privacy
value for their health care issues on the Internet. At the same
time face-to-face meeting is rejected. The opinions only from
doctors would have negative influence, at the same time also
not being open for frank suggestions. However there is a
preference to be viewed as part of interest columns on health
issues. Simple user interface has a larger acceptance than the
advanced user settings. Learning from the earlier work and
having unstructured discussions with few of the respondents,
we added one more factor, that is, communication for further
investigation in this work.

The extensive use of social media has already perturbed the
common understanding of the privacy, [3] though the privacy
ideology remains the same as earlier. The users understand that
the organization of information in such a way which maintains
the individual decorum and independence. The immediacy and
communication [3] are the vital parts for sharing information
on health care interests. In the presence of above components,
another important issue is usability preferences, which would
determine how frequently the users like to visit the health care
social media.

Hence, learning from the previous work and results, we designed
the factors to: privacy, immediacy, usability, and communication
in the current work. The first three items were confirmed from
previous work. The last item emerged from the learning with
unstructured interviews of more than 46 users.

Sampling Method
The paper is based on the premise that the health customer is
able to choose from where and whom they get treated or prefer
some close relatives advices for taking such decisions. The users
are free to use and have their views on health information over
the Internet or social media.

Since we have targeted the users of the social media as the target
group, we did not define any premise of distance and place of
stay. The only clause we have used for the respondents is that
they should be Indian citizens staying in India. Hence we have
relied on the snowball sampling method to spread the online
survey link. This also helped us identify the few duplications
and quality of information.

Questionnaire Design
Based on our previous experience of the published paper, we
designed our questionnaire to remove as well as include the
defining constructs for 4 identified factors. Additionally, we
designed questions to know the social media presence,
preference and health care social media. The distribution of the
questions were as such that 42 items were created, 5 each for 4

independent variables and 4, 7, and 11 for social media presence,
health care preference, and demography.

The questionnaire was designed as a webpage form using the
Google forms available online. The link was shared online
through emails, Facebook, Twitter, and interest forums. Sections
A to D were designed using 5 point Likert scale. Options ranging
from “Strongly Disagree” to “Strongly Agree” for A to C and
“Never” to “Always” in the case of D was used. Sections from
E to G were majorly multiple choices along with other few to
enter themselves as well as select from given choices.

Data Collection
The response of the online Google form automatically got
registered in the Excel format. The response rate was good
during the first time intimation and dropped after a few days.
After 5 to 6 reminders, 103 responses were generated. It is
assumed that the sample is random attributing to the wide
demography of the respondents. The data points count, that is,
n=103 we can say referring to the Central Limit Theorem (n>30)
that the sample size is large and normally distributed.

The idea of using online data collection was generated for the
reason that our focus was more on the users of the social media
and Internet. Moreover, the large audience, reduced cost of
travel, quick time to gather responses, easy data management,
and less item non-response led to the decision of online data
collection.

The demographic profile of the respondents’ show that majority
are between the age groups of 19 to 25. Qualification is majorly
in graduation and post graduation. Occupation-wise most of
them are professionals. Maximum belong to urban and
semi-urban regions. The income shows that maximum have the
average income between 1819 to 7273 USD but the next income
group has more than 14,545 USD. The sample is representative
of the social media users keeping in mind the domicile status.
Conversely, maximum response is from the age group 25 to 30
years and below. This shows that the online social media users
in India are mainly the younger generation.

Results

Variables
The four determinants—privacy, immediacy, usability, and
communication of health care social media—have been taken
as the predictor variables pertaining to multiple regressions.
Health care social media has been considered as the dependent
(outcome) variable.

Hypothesis
Our null hypothesis for determination of the regression has been
taken such that the four independent variables (privacy,
immediacy, usability, and communication) do not depend on
the dependent variable health care social media. Hence, the null
hypothesis was designed as health care social media is not
dependent on privacy, immediacy, usability, and
communication, and are not related. Therefore, the alternative
hypothesis is that health care social media is dependent on the
variables privacy, immediacy, usability, and communication.
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Based on the null hypothesis, several propositions are drawn to
form the conceptual model (Textbox 1).

The data obtained from survey was regressed using the SPSS
20 package for analysis. We present the results of the regression
from Model fit statistics in Table 1.

Table 1 depicts the variability of the data through R2. The value
of .337 shows that a fair amount of variability lies in the dataset.

However, the adjusted R2 show a lesser amount of variability.

The significance value in ANOVA (Table 2, at 90% confidence
interval) shows .011, which is less than 0.05. Hence the model

is considered as significant. As per Table 1 results, we obtained
the observed value of the F20,82=2.082. However the test
statistics from the F distribution table for F20,82=2.61, which is
greater than the observed value. Hence this rejects the null
hypothesis.

So it can be said that the independent variables privacy,
immediacy, usability, and communication has an influence on
the dependent variable, health care social media. Accepting the
alternate hypothesis, we proceed to explain the significant
influences of the independent variable through the reporting of
unstandardized coefficients (Table 3).

Textbox 1. Propositions of the conceptual model.

Proposition H1: the predictor variable “privacy” has no influence on health care social media.

Proposition H2: the predictor variable “immediacy” has no influence on health care social media.

Proposition H3: the predictor variable “usability” has no influence on health care social media.

Proposition H4: the predictor variable “communication” has no influence on health care social media.

Table 1. Reporting of the model summary.a

Standard error of the estimateAdjusted R2R 2RModel

1.1040.1750.337.580bStatistics

aDependent variable: Health care social media
bPredictors: (Constant), Communication 5, Communication 4, Privacy 1, Communication 2, Immediacy 1, Privacy 4, Usability 5, Immediacy 3, Usability
2, Immediacy 5, Communication 1, Communication 3, Privacy 5, Privacy 2, Usability 3, Immediacy 2, Usability 4, Privacy 3, Usability 1, Immediacy
4

Table 2. Reporting of ANOVAa statistics.

Significant differenceFMean squareDegrees of freedomSum of squaresModel

.011b2.0822.5372050.743Regression

N/AN/A1.2198299.936Residual

N/AN/AN/A102150.68Total

aDependent variable: Health care social media
bPredictors: (Constant), Communication 5, Communication 4, Privacy 1, Communication 2, Immediacy 1, Privacy 4, Usability 5, Immediacy 3, Usability
2, Immediacy 5, Communication 1, Communication 3, Privacy 5, Privacy 2, Usability 3, Immediacy 2, Usability 4, Privacy 3, Usability 1, Immediacy
4
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Table 3. Reporting of coefficients.a

Significant differ-
ence

tStandardized coeffi-
cients

Unstandardized coefficientsModel

BetaStandard errorBeta

0.0182.4041.192.86Constant

Privacy

0.926-0.093-0.0110.1-0.0091

0.9960.0050.0010.1140.0012

0.253-1.152-0.140.158-0.1823

0.7590.3080.0390.1450.0444

0.082-1.76-0.190.126-0.2225

Immediacy

0.309-1.023-0.1030.102-0.1041

0.191.3220.1480.1170.1542

0.9570.0540.0060.1270.0073

0.147-1.463-0.2020.204-0.2984

0.9520.060.0090.2410.0155

Usability

0.0152.480.3160.1840.4571

0.9760.030.0030.1040.0032

0.622-0.495-0.0590.177-0.0873

0.9130.1090.0130.1520.0174

0.8080.2440.0260.1060.0265

Communication

0.380.8830.0940.1320.1161

0.125-1.55-0.1530.103-0.162

0.520.6460.0670.1170.0753

03.7320.4050.0950.3544

0.8530.1860.0190.10.0195

aDependent variable: Health care social media

Looking at the smaller significance level of the model items in
Table 3, we can see that privacy 5, usability 1, and
communication 4 are highly influencing the dependant variable.
We would also like to report the observation based on good
difference between t value and significance value. The model
items in underline are the ones we are interested into. Privacy
5 was intended to find the face-to-face meeting expectations of
the users of social media. It has a negative influence on the
dependant variable. Usability 1 was intended to know how
quickly the users expect to learn a new health care social media
launched. It has positive influence. Communication 4 was
intended to learn from the users of how they would utilize a
health care social media during the situation of emergency. This
has very high significance level and positively influences the
dependant variable.

Now considering the observations based on the good difference
between t and significance level, we estimate the following
points. Privacy 2 has a fair influence stating that the users expect

to become friends with chain system of referrals through friends.
Privacy 3 has considerable negative influence on the health care
social media. This reveals that the users expect that they should
not have control on the disclosure of the health care interests.
Though the variable immediacy did not show a very high
significance level, all the expectation constructs can be
considered. Hence it shows somewhat influence on the
dependent variable. Immediacy 1 and 4 has negative influence
stating that the users expect not to get advices only from doctors
and have cost comparisons of hospitals. Immediacy 2, 3, and 5
have positive influence showing the expectations of users to
get opinions from experienced people, insurance companies
collaboration with hospitals information and information about
free health camps. Usability 2 shows a positive influence stating
that they expect to get training from someone to learn the health
care social media. Usability 3 has a negative influence that the
users do not want to keep administering their settings.
Communication 2 has a negative influence on the users where
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they expect that the physician-patient interaction is not very
necessary to join each other in health care social media.

Discussion

Principal Findings
The implication of usefulness of social media has been well
understood through its usage in marketing and other dominant
domains. Social media has seen a good influence in the
behaviors of the users in developing economies.

This paper is a contribution of how the users expect and
understand the health care social media in India as a developing
country. The majority of responses from urban and semi-urban
domicile population show that they expect that health care
becomes more accessible and available. We show how we can
refer to the gap of understanding the impact of how the social
media can help semi-urban and rural population in health care.
The results would help the designers of health care social media
to understand the expectations of the semi-urban and urban
population in a developing economy. The results show that
people would use the social media sites for health. However
there is a need of good awareness and training for making it a
successful implementation.

Limitations
The paper has used snowball sampling for online data collection.
This method does not report the response rate of the survey.
Even though the different online ways were used to distribute
the survey link, getting a large population sample remained a
problem same as in traditional data collection. Moreover, we
do not know the conditions and setting of the respondents at
the time of taking the survey.

The bias of the volunteer sample in the earlier work [24], led
us to the introduction of a new independent variable, that is,

communication, in the current work. Hence, the online data
collection sometimes leads to the possibility of introducing new
ideas and factors. This sometimes biases the selected sample.
Furthermore, this sample might not include those respondents
who use the social media sites less frequently due to the lack
of good Internet availability. It is also worth mentioning that
this type of survey might have some demographic related biases,
such as younger people filling in the online survey.

Comparison With Prior Work
The current work shares the similar model of regression as the
previous one for measuring the expectations of the users of
health care social media. The users in the developing economy
are conscious about the openness of the privacy in a public
forum. There is a variation from the previous work in which
we have tried to understand the communication influences
between the users. The negative influence of communication
for face-to-face patient-physician interaction shows that people
are skeptic towards revealing their identity. This is again
confirmed by the negative influence results of controlling
identity settings. Both the work shows a positive influence of
usability for simple and quick learning health care social media.

Conclusions
The openness of the privacy component was highlighted where
it shows negative influence. Users are very skeptic towards
keeping their identity and friend’s list open. The less disclosure
of health care interests is very prominent. Hence openness of
privacy negatively influences the dependant variable.
Respondents wish to get advices from experienced people and
not only from health experts. Hence immediacy has a positive
influence in terms of intermediary communications supported.
Usability shows a positive influence where people want to be
in directory listings. Communication has a strong positive
influence where the users want emergency information over the
health care social media.
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Abstract

Background: Cardiovascular diseases (CVD) are one of the major causes of death worldwide. Personal behavior such as physical
activity considerably influences the risk of incurring a CVD. In the last years numerous products such as pedometers have become
available on the mass market that allow monitoring relevant behaviors and vital parameters. These devices are sufficiently precise,
affordable, and easy to use. While today they are mostly lifestyle oriented they also have considerable potential for health and
prevention.

Objective: Our goal is to investigate how recent low-cost devices can be used in real-life settings for the prevention of CVD,
and whether using these devices has an advantage over subjective self-assessment. We also examine whether it is feasible to use
multiple of such devices in parallel.

Methods: We observe whether and how persons are willing and able to use multiple devices in their daily lives. We compare
the devices’ measurements with subjective self-assessment. We make use of existing low-cost consumer devices to monitor a
user's behavior. By mapping the devices' features with pre-defined prevention goals we ensure that the system collects meaningful
data that can be used to monitor the individual's behavior. We conducted a user study with 10 healthy adults to measure usability
and to identify problems with sensor use in real life. The participants used the devices' original portals to monitor their behavior.
The subjects (age range 35-75) used an off-the-shelf pedometer and a sports watch for 4 weeks.

Results: The participants responded in principle positively to the use of the devices. Analyzing the sensor data, we found that
the users had some difficulties in operating the devices. We also found that the participants' self-assessment of their health behavior
was too optimistic compared to the monitored data. They rated the usability of the overall system with 71 of up to 100 points in
the "System Usability Scale".

Conclusions: Our study indicates that today's devices are suitable for a long term monitoring of health for the prevention of
CVD. Using the devices provides more precise data than a subjective self-assessment. However usability and acceptance of the
systems are still major topics.

(Med 2.0 2013;2(2):e7)   doi:10.2196/med20.2667
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Introduction

Background
Cardiovascular diseases (CVD) are the number one reason of
death globally [1]. To a large extent they are caused by
behavioral risk factors such as lack of physical activity or an
unhealthy diet. A healthy lifestyle is a life-long effort that
involves multiple facets such as daily activity, fitness, sleep,
and many more. Monitoring is one of the key technologies of
many persuasive health systems [2,3]. While many devices for
monitoring one or more of these behaviors exist on the market
already, it seems unlikely that the universal device that monitors
everything and is liked by everybody will ever be available.
Hence, a person who would wish to use a pervasive system for
the prevention of CVD would have to permanently use multiple
devices simultaneously.

We therefore investigated whether a person would be able to
use multiple commercial off-the-shelf devices for a longer period
of time in daily use for a reliable behavior monitoring for the
prevention of cardiovascular diseases. We also examined
whether the measured data from the devices provide added value
over a simple subjective self-assessment.

Prevention of Cardiovascular Diseases

Overview
Risk factors for incurring CVD include vital parameters such
as blood lipids or blood pressure, behaviors such as physical
activity or nutrition, and other factors such as environmental
factors or psychosocial stress (eg, [1,4,5]). For the scope of this
study, we are focusing on 2 aspects that are of major interest to
most concerned persons and that may be monitored using
consumer devices, namely physical activity and sleep.

Physical Activity
All guidelines for heart-friendly lifestyle [5] recommend
physical activity as a key behavior. Usually, 2 physiologically
different types of activities are recommended, “daily activity”
on a moderate level of intensity such as walking or slow cycling,
and vigorous or “endurance sports” activity such as jogging or
fast cycling. While the detailed specifications and wording may
vary, there is a general consent that daily activity should be
performed preferably daily for at least 30 minutes, and
endurance sports should be performed at least twice a week.

Research [6] also indicates that endurance sport 3 times a week
for at least 30 minutes each already achieves the maximum
effect for cardiac health. Only if the user misses some of the
trainings, he may partially compensate by daily activity.
However, the daily activity does not have the same positive
effects as a real training, so a lack of training cannot fully be
compensated by daily activity. Moreover, in order to be effective
for the heart at all, daily activity must happen in intervals of at
least 10 minutes without a break [7]. With 30 minutes of activity
each day of the week, the maximum effect has been reached.
A lack of activity on one day cannot be compensated by more
activity on subsequent days.

Sleep
Although sleep is not as unanimously part of the guidelines,
there is a growing body of evidence [8] that sleep behavior has
a major effect on cardiac health. A meta-study [9] has shown
that people sleeping 6-8 hours a night have no increased risk of
long-term health consequences, but people consistently sleeping
5h or less should be regarded as higher risk group for
cardiovascular morbidity. On the other hand, sleeping 9h or
more per night may be an indication for subclinical or
undiagnosed co-morbidity. Home monitoring one’s sleep
behavior may help to increase awareness for a good sleep
behavior and to identify potential problems [10] and is therefore
potentially a feasible tool for the prevention of CVD.

Pervasive Systems for Health Monitoring
With the availability of appropriate sensors and devices, in the
last 10 years many systems have been developed that use
monitoring as a basic technology in systems that aim to support
a healthy lifestyle. Early such systems put a straightforward and
actionable link between monitored data on the one hand and
envisaged behavior or outcome on the other. Physical activity
as a frequent example is measured using pedometers to count
the number of steps, and the envisaged behavior is to achieve
a minimum number of steps each day. Fish’n Steps [11] or
Chick Clique [12] are examples that combine a playful interface
and elements of competition. The UbiFitGarden system [13]
was shown to induce an envisaged health behavior also over a
period of several months. There is increasing evidence that
mobile interventions are generally effective to encourage
physical activity [14]. Such types of interventions have reached
the market with sensor-based systems such as Fitbit or Nike
FuelBand for daily activity, or Zeo for sleep.

Research is now addressing systems for more complex health
questions that require monitoring multiple behaviors and need
a more complex data analysis to identify health states and
outcomes. Monarca [15] uses an interactive application and
various sensing devices for identification of episodes in the
treatment of bipolar disorder, based e.g. on a sentiment analysis
of text messages, and on the frequency of phone calls. JogFalls
[16] combines activity monitoring, diet logging, and monitoring
of certain vital parameters for the management of diabetes. Such
systems clearly have a high potential for the management of
chronic diseases, also because they fulfill the user’s need to go
beyond mere presentation of data [17]. However, by design they
are not intended for everyday use by healthy persons aiming to
stay healthy: They require interaction and use of specific,
potentially obtrusive sensors. Mobile phones clearly are an
important enabling platform [18], however they cannot be
considered a universal solution.

As persuasive technology for prevention and well-being
becomes more and more an aspect of our daily life, usability,
user acceptance, and suitability for everyday use are increasingly
important. In a workshop conducted at PervasiveHealth 2012
[19] we identified major points that distinguish the preventive
use of persuasive health technologies from management of
diseases: People will be using multiple and different devices;
preventive systems are used over a long period of time,
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potentially over decades or even life long; people have complex
goals that cannot easily be broken down into daily advice.

Rationale and Goal
The goal of our study is to identify user requirements for the
use of multiple devices as part of a system on the prevention of
cardiovascular diseases. Particularly we want to understand if
the users are able to interact with different devices at the same
time, if they would be able to interpret the gathered data, if these
devices can be helpful for sustaining a healthy lifestyle, and if
they can improve the self-assessment. We furthermore wanted
to examine whether the effort of sensor-based monitoring has
advantages over subjective self-assessment.

Therefore we conducted a 3 week study with 10 participants
that used a small set of sensors to monitor multiple behaviors
that contribute to a heart-friendly lifestyle.

Methods

Set-Up of the Study
We focused on 2 factors of heart-friendly living, physical
activity and sleep. Physical activity is further broken down into
daily activity and endurance training. To monitor these 3
behaviors, the participants received 2 different devices: A Fitbit
Ultra pedometer, and a Garmin Forerunner 110 training watch.
We chose these devices as they are widely available and
prototypical representatives of products for monitoring personal
activities. With prices ranging from about 50-150 Euro they are
not particularly cheap but affordable for many persons. We
decided not to use any of the available smartphone apps
collecting this data since - in spite of their increasing
popularity—the majority of people still do not own a smartphone
that is powerful enough for monitoring. Moreover as a universal
platform that is not tailored to the specific needs of collecting
long-term activity data smartphones still face a number of issues
including battery runtime and obtrusiveness of wearing the
device.

The Fitbit Ultra is a lightweight electronic pedometer that may
be worn in the pocket or attached to the clothes. It counts the
steps taken per minute and transfers the data wirelessly and
without interaction via a docking station on a local PC to the
online platform fitbit.com. The Fitbit may also be used to
monitor sleep. For the study we used sleep duration by manually
marking start and end of the night by pressing a button on the
device.

The Garmin Forerunner 110 is a sports watch with a breast belt
to monitor the heart rate and an integrated GPS for monitoring
the pace during the workout. The watch may also be used
indoors without GPS, or it may be used without the heart rate
belt. The watch may be connected to a PC using a special USB
cable for uploading the data to a dedicated software or an online
portal via a browser plug-in. We used the runkeeper portal to
collect the user’s endurance training data.

With these devices we collect the following data:

• the step count of the user for each minute of the day
• the start time and duration of an endurance training

• the start and end time of sleep, as manually marked by the
user

More detailed data is available in the portals but not used within
the study.

Participants
Participants of our study were 10 subjects, 5 female, and 5 male,
who were customers of a medically oriented gym. The age
ranged from age class 35-44 to 65-74, average age was 54 (SD
12 years). In the group were 2 couples. All subjects already
used a body scale (digital or analogue), 3 used a blood pressure
monitor, one had used a pedometer and 3 had used a sports
watch with heart rate monitor before. All subjects were under
regular supervision of the gym’s physician. One participant had
a previous cardiac condition.

All participants used a PC and the Internet fairly frequently, but
had no particular interest in new technologies. They were very
interested in healthy living and were doing sports regularly.
They felt they had a fairly good knowledge about healthy living
and a good self-assessment of their behavior. The main reason
for participation was to learn about one’s own health behavior,
other reasons were interest in new devices and intended health
behavior change.

We piloted the system before with 3 persons who tested the
system for one week each.

Conductance of the Study
The study took place during 3 weeks in November 2012 in
North-West Germany. We had one kick-off meeting where we
explained the study and instructed the participants in detail how
to set up and use the devices as well as one closing meeting. In
between, we contacted the users by phone or by email to solve
potential issues.

The subjects’ mission for the study was to follow our selected
guidelines for heart friendly living throughout the study: “Do
a fitness training of at least 30 minutes at least 3 times a week.
If that is not possible be active for at least 30 minutes each day
in intervals of at least 10 minutes each. Sleep between 6 and 8
hours each night. Monitor and regularly review your behavior
using the devices and systems.”

In the closing meeting, all participants filled out a 22-item
questionnaire: The first section was the German version of the
system usability scale (SUS). The next section asked for
experiences using the system and for effects on the participants’
health behavior. We also asked for subjective self-assessment
on how well they followed guidelines given. Possible answers
ranged from “Perfect” (4 points) up to “not at all” (0 points).
The questions in this section were adapted from the IPAQ
questionnaire [20]. The last section of the questionnaire asked
for potential future extension of the system. We discussed the
participants’ experiences using the devices and portals and also
the emerging difficulties they experienced.

Med 2.0 2013 | vol. 2 | iss. 2 |e7 | p.42http://www.medicine20.com/2013/2/e7/
(page number not for citation purposes)

Meyer & HeinMEDICINE 2.0

XSL•FO
RenderX

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


Results

Data Collected
The 10 participants used the devices and collected data for an
overall period of 225 days and 219 nights (see Multimedia
Appendix 1).

On 224 days (99.55%) step data was collected using the Fitbit.
The average number of steps per day was 10,045 (SD 3243,
minimum average per person 4885, maximum 14,918).

The active minutes per day were estimated based on the
minute-wise step data of the Fitbit: When for 10 minutes the
step-count per minute was above a minimum threshold of 40
steps we would assume this to be an active interval. One minute
with a lower value in between was allowed to reflect, for
example, necessary traffic light stops when walking through a
city. We chose the threshold based on our own experiments.
According to our internal experiments the resulting assumptions
are a fair estimation. The average active minutes per day were
41.4 (SD 22.2, minimum average per person 9.92, maximum
68.85).

The participants altogether recorded 45 endurance training sets.
All of them were at least 30 minutes. Twelve (27%) had a
duration of 30-60 minutes, 14 (31%) 1-2 hours. 10 (22%) had
a duration of more than 12 hours.

For 180 nights (80%) sleep data was collected. 83 of the sleep
records (46%) had a duration of 6-8 hours, 51 (28%) 8-9 hours,
6 (3%) 5-6 hours. 14 (8%) had a duration of more than 16 hours.

The participants’ self-assessments on how well they followed
the recommendations for daily activity, fitness trainings and
sleep is shown in Table 1 below.

Qualitative Experiences From Using the Sensors
Setting up the devices mostly worked flawlessly, but some
problems still were reported. Some participants had technical
difficulties in the installation process. Some of the devices were
faulty and had to be exchanged. Non-standard installations
raised further questions. The concept of the local installation
of the Fitbit service component in combination with the Fitbit
portal was difficult to understand and caused confusion when
one participant switched to a new PC at home.

In daily use, most participants were excited about the Fitbit for
monitoring their daily activity. They very much appreciated the

feedback on their daily activities and were sometimes quite
surprised about the results in comparison to their
self-assessment. The preferred level of detail of the data was
quite heterogeneous: While some participants were very
interested to understand the details and reviewed the data in the
portal very carefully, others were happy just to see the number
of steps per day on the device’s display, and hardly looked into
the portal. All in all, the participants found the Fitbit device
very easy and intuitive to use, whereas the portal was considered
more complex and difficult to use.

A number of negative points of the Fitbit were also discussed.
The device was occasionally forgotten. Cycling as part of the
daily activities was not well accounted for in terms of step count.
Not everybody liked to keep the Fitbit in their pocket or clipped
to the clothes. Particularly women said that the clothes they
wear may not have pockets to store the device. Some participants
forgot to take the Fitbit off their pocket when changing clothes
throughout the day. Several persons suggested having, for
example, a bracelet rather than a clip.

Although prior pilot tests had indicated that sleep behavior
might be an issue of interest, most participants were in the end
not particularly interested. They said they tended to forget to
mark their sleep or wake-up times, and they did not get any
further insights from it.

The feedback on the Garmin Forerunner was less positive. There
were difficulties in getting the device to work. The general
concepts of GPS monitoring and heart rate monitoring were not
well understood. The required delay for getting a GPS fix
outdoors was considered annoying. When used indoors the lack
of GPS caused considerable confusion. In general, especially
indoors, little added value was seen using the watch for heart
rate monitoring. People liked using the watch rather outdoors.
They would not just use it for monitoring the actual endurance
trainings such as walking, but also take into account other
activity such as their daily cycling or an occasional hiking tour.

Uploading the training data from the watch to the Runkeeper
portal was considered to be slightly annoying, but in the end
worked for most participants. However, the portal was not
appreciated well. There was little advantage seen for entering
the data into the system, and the results were only rarely used.
The participants commented that they would in principle be
interested to monitor their training, but that monitoring should
be much better connected to their situation, for example, by
directly linking it to their gym visits.
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Table 1. Self-assessment of activities versus monitored behavior.

Sleep actual
level

Sleep self-assessedFitness activity actu-
al level

Fitness activity
self-assessed

Actual activity
level by steps

Daily activity

actual level by
minutes

Daily activity self-
assessed

Participant

2.0941.6131.151.5131

2.3512.0043.413.60-2

1.7441.5833.013.0943

3.0343.0042.632.7344

1.5242.1621.110.9935

2.4710.0023.042.9036

3.8143.0043.733.1317

2.2342.3322.472.0628

2.8940.7402.832.9639

3.0622.7943.453.43410

Usability and Users’ Experiences
We asked the users for the usability of the overall system, for
possible effects of the system on their health behavior, and for
suggestions for future improvements.

The usability was measured using the German version of the
System Usability Scale [21]. The average score is 71 (SD 17.7).

Most participants said that the devices helped them to better
understand their own behavior and motivated them to a healthier
lifestyle. The participants felt that using the system increased
the awareness towards their personal activity. Many participants
planned their activities more carefully. Some participants also
felt that during the study they learned to better assess their
behavior. Therefore they would be able to live healthier
afterwards even without using the devices. However, the
examples given by the participants were addressing mainly daily
activities. Endurance workouts were only occasionally
mentioned, and sleeping duration was not an issue at all.

One participant was generally more critical about
self-monitoring, seeing also the risk of over-motivation and
distorted feedback, since the devices just provide a very selective
view on one’s behavior.

Several participants explicitly mentioned that dealing with the
multiple platforms was difficult and caused confusion. Therefore
they suggested an integrated platform that would allow seeing
all the data in one place.

Although all participants were strongly aware of the do’s and
don’ts of a healthy lifestyle, the goal to live heart friendly was
not appealing to them. They understood the necessities of
activity and sleep, but found little motivation in following this
goal. Within the scope of the study they were much more eager
to see their physical daily activity. Several participants suggested
that other goals would be more interesting, including weight
control and increasing fitness. They also suggested to include
more monitoring options, for example, for weight, nutrition, or
blood pressure.

Discussion

Sensor Use
The Fitbit was used by all participants virtually every day for
monitoring daily activity. We therefore assume that this device
is in principle well accepted. However, from the participants’
feedback we also must assume that the device was occasionally
not worn during some parts of a day. The step data per day is
therefore likely to be incomplete. We conclude that the concept
of the Fitbit as an easy to use device is well accepted, but
different forms of pedometers such as a bracelet rather than a
clip might have resulted in more complete data for some of the
participants.

The participants recorded 45 workouts altogether. 14 of these
(31%) were above 4 hours duration for 4 participants and 10 of
these (22%) even above 16 hours duration for 2 of the
participants. Longer durations might be cycling or hiking tours.
However, trainings above 16 hours duration can only be
explained by the participants forgetting to mark the end of the
training.

Recording sleep required pressing a button in the evening and
again in the morning. With 80% of the nights covered, sleep
data was less complete than the data on daily activity. We
therefore assume that occasionally the device was forgotten, or
was not used intentionally. From the recorded sleep durations
it is noticeable that a number of sleep records are overlong,
above 12 hours (5 nights, 3%) or even above 16 hours (14
nights, 8%). Particularly in the latter case we can assume that
pressing the button in the morning was forgotten.

Self Assessment Versus Monitored Behavior
We compared the participants’ self-assessments with the
measurements taken by the sensors. The self-assessment took
place at the end of the study, after 3 weeks only, so there is
likely a recall bias limiting the precision of the data. On the
other hand, during the 3 weeks the participants got regular
feedback on their actual behavior from the devices, which should
increase their awareness for their behavior and mitigate the
effects of the recall bias. The results are summarized in Table
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1. For each of the 3 behaviors, the columns show from left to
right the points as subjectively assessed by the participants, and
the actual achieved points as monitored by the devices—for
daily activity in 2 different methods. The details are
subsequently described.

For daily activities we took into account the active minutes in
intervals of 10 minutes each. We scaled this into a 0-4 scale
from 0 (no active minutes) to 4 (30 minutes or more of activity).
The participants had reported that they observed their daily step
count with high interest, so we could expect quite a good
estimation. However, 5 participants were too optimistic in their
self-assessment, 3 were quite precise, and one was too
pessimistic. One participant did not assess his activity.

We also used the daily step count sum as an alternative
measurement to mitigate potential weaknesses of our approach
for estimating the active daily minutes. By adopting the
Tudor-Locke scale [22] we gave 0 points for 0 steps, 1 point
for 5000 steps, 2 for 7500, 3 for 10,000 and 4 for 12,500 and
more. We linearly interpolated points for step values in between.
The resulting scores deviate only slightly from the one based
on our own estimation (average deviation 0.04, SD 0.29) and
do not change the overall picture.

For training, we counted for each day the number of fitness
trainings the participant had recorded for this and the preceding
6 days. All trainings recorded were longer than 30 minutes For
each day with at least 3 trainings on that and the preceding 6
days we scored 4 points, for 2 trainings 3 points, for 1 training
2 points and for no training 0 points. We compared this to the
participants’ self-assessment. 7 participants were too optimistic
in their self-assessment, and 3 were slightly pessimistic.

For sleep, we scored 4 points for each night with 6-8 hours. We
scored 0 points for 5 and 9 hours, 4 for 6 and 8 hours, and
linearly interpolated values in between. 0 points were scored
for nights shorter than 5 and longer than 9 hours. For calculating
the participant’s average sleep score, we omitted sleep records
of more than 16 hours duration, as we assume a faulty use of
the sensor. Compared to the participants’ self-assessment, 6
participants were too optimistic, in 1 case the assessment was
about correct, and in 3 cases it was too pessimistic.

Our comparison between self-reported and monitored data is
partially in line with other studies. For physical activity [20]
concludes that for vigorous activities there is a strong correlation
between self-assessment and monitoring, while we found some
deviations. For medium activities, [20] finds a fair to moderate
correlation, which is quite in line with our observations.
Differences could be explained in different self-assessment
methods: We used only an ex-post questionnaire after 3 weeks,
while [20] used a logbook. For sleep [23] finds that in average
the self-assessment is close to the objective measurement, but
there are considerable individual differences. This is well
reflected by our observations. In general, our participants tend
to assess themselves more positively. This might be explained
by the fact that our participants had the mission to follow some
specific guidelines. Not having succeeded in following these
might therefore be considered a failure, so the participants might
have had the trend to show themselves in a more positive light.

Limitations
The study has some limitations. The measured data may be
partially wrong due to a non-identified faulty use or because
participants didn’t record all activities. Our measurement of
active minutes based on analyzing the steps by the minute is
not precise. And our mapping of the activities to 0-4 points scale
compared to the participants’ self-assessment scale 0-4 may be
imperfect. Taking into account the relatively small sample size
of 10 persons, the figures as outlined in Table 1 should be
understood to underline our qualitative statements, not as
quantitative results in themselves.

However, with 10 participants the sample is large enough to
gain a better understanding of how people use pervasive health
services and what the current problems are. The demographic
of the participant group is rather broad with respect to age range
and to participation of female and male persons, and it included
2 couples. The participants were in general just average
technically skilled. The group was in general healthy and didn’t
suffer from a particular disease. The interest in healthy living
was probably above average, but not exceedingly high.
Therefore we think that our participants are fairly close to the
“average target group”

Design Implications
Our results reveal a number of implications for the future design
of systems for the prevention of cardiovascular diseases:

We gave 2 devices to the users, both of which were mass market
products and should in principle be easy to install and use. We
explained carefully the required procedures to the participants.
Nevertheless, installing and operating the devices has shown
to be a considerable effort for the users. We found that virtually
every possible interaction with the devices required some
training and lead to some faulty operations and possible errors
in data. However we also found that the participants were quite
eager to resolve the issues if their use promised personal
advantages. Therefore, while it is basically always a good idea
to keep a system as simple as possible, we also find that users
are willing to accept some level of complexity provided that
the promised advantage is high enough for them. However,
faulty use and incomplete data will always happen, and any
system using that data will have to cope with that.

Wearing and using the devices was rated differently by the
participants. The Garmin watch was mostly liked for outdoor
use, but it was too complex for indoor workouts. Also the Fitbit,
in spite of its high acceptance, was not the perfect device for
all the users. Some participants would have preferred a bracelet
over a clip. Prevention devices are used for a longer period of
time, so users must have the choice of devices they use, and
they might want to use different devices for the same purpose,
changing from day to day. A pervasive prevention system must
therefore deal with heterogeneous devices and not focus on one
or 2 specific products.

Our participants were very interested in healthy living and had
probably an above-average degree of knowledge on that issue.
The intention to live heart-healthy was generally understood
and appreciated. Nevertheless our goal and guidelines were not
particularly appealing to them. They found little motivation
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trying to live more heart-healthy in general, and were much
more focusing on increasing daily activity. Moreover, the
participants suggested goals such as weight control or increasing
fitness. Therefore we conclude that general goals for healthy
living must be broken down into concrete and actionable
sub-goals that are personalized to match the individual user’s
needs and that may well change over time. A preventive system
can then assist the user in following these sub-goals and
guidelines.

All participants liked getting insights into their own behavior.
However, the requested level of detail was different between
the users. For the Fitbit some users were happy just seeing the
number of daily steps they achieved, whereas others were keen
to understand how different types of activities contribute to step
counts and active minutes. Sleep duration was in general not
considered interesting by the users. However, from pilot tests
in slightly different set-ups we found that people may be
interested in sleep quality. Therefore we think there is a mutual
influence of the choice of devices and the definition of
personalized goals. A device’s properties obviously limit the
possible level of detail of the monitored data: If the user’s
preferred pedometer doesn’t allow monitoring active minutes,
activity goals may need to be defined based on daily step counts
rather than the more detailed active minutes. The other way
around, the user’s goals influence the choice of devices: If sleep
quality is important, the user may wish to use a device like the
Zeo, whereas for mere sleep duration the Fitbit approach would
be fine.

Our participants had decent knowledge about healthy living and
followed a healthy lifestyle. Nevertheless, when asked for their
subjective self-assessment regarding their behavior during the
study, the participants tended to over-estimate their own
behavior. Therefore behavior monitoring using technical devices
provides a more reliable base data for recommendations on
healthy behavior than self-assessment alone.

Summary and Outlook
We investigated how low-cost monitoring devices can be used
in the context of prevention of cardio-vascular diseases. We
learned that using devices is a challenge to the user, but users
are willing to cope with it if their advantage is clear. However,
users prefer different devices therefore we believe that also in
the future we will have heterogeneity of devices rather than the
one universal product.

There was a tendency that a person’s subjective self-assessment
is more optimistic than the data monitored by the devices.
Therefore the objective monitoring is potentially better suited
for observing and reflecting health behavior than a subjective
self-assessment.

We believe that preventive systems in the future will be
platforms that integrate multiple data sources to provide the
user with a unified view. One main challenge clearly is the
analysis and interpretation of this heterogeneous data to infer
medically valid conclusions on the user’s health. However this
is what we need to turn the existing personal data into
personalized knowledge.
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Abstract

Background: In recent years, Highly-Active Anti-Retroviral Therapies (HAARTs) have modified the Human Immunodeficiency
Virus (HIV) life-cycle and the disease is now considered chronic. Consequently, a longitudinal and complex follow-up is now
required for HIV positive patients during their lifetime. Moreover, patients often encounter various complications due to
comorbidities, related to the immunodeficiency state and HAARTs’ side effects. Thus, HIV positive patients are involved in
multicenter clinical trials (MCTs) to improve treatments and discover a preventive vaccine. Therefore, physicians require proper
instruments to access comprehensive patient data for managing patients during follow-ups, and tools for data collection and
analysis in MCTs.

Objective: The Ligurian HIV Clinical Network aims to provide physicians with a Web-tool to administrate HIV positive patients’
data within primary-care and to reuse the collected clinical information to perform MCTs in Northern Italy.

Methods: The key aspect of the system is a relational database which allows the storage of various types of clinical information
(eg, related to HIV, cardiovascular, or hepatic diseases) in multiple formats. The modular design of the database permits a rapid
insertion of new parameters without requiring any changes in the database structure. Furthermore, codes from biomedical ontologies
controlled vocabularies (“Logical Observation Identifier Names and Codes”, and “International Classification of Diseases 9”)
and ontologies (“Systematized Nomenclature of Medicine Clinical Terms”), units and normality ranges used by all partners
participating in the project were collected to achieve a complete semantic interoperability. Accordingly, data can be automatically
normalized through the z score formula and physicians can extract and correctly compare information with external statistical
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tools. Moreover, to respect patients’ privacy and legal issues, a local identifier, determined through an HASH cryptography
algorithm, is assigned to each patient during the registration process. The database is managed by a user-friendly Web-platform
which allows quick access to information during medical examinations and the reusing of the collected data for present and future
MCTs. Furthermore, a bidirectional middleware was created in order to import/export information through HL7 messaging.
Hence, data can be manually entered by physicians or automatically collected within HL7-compliant Hospital Information
systems.

Results: Presently, the direct storage of patients’ information from the San Paolo Hospital (Savona, Italy), and San Martino and
Galliera hospitals in Genoa is in a test phase. Currently, 8 centers of Infectious Diseases (located in Liguria and Piedmont) are
participating in the project and almost 400 HIV positive patients have been recorded in the system. Patient data has been used
for primary care and research purposes. Currently, there are 4 on-going MCTs and preliminary results have already been presented
at International HIV congresses.

Conclusions: The Web-platform allows effective management, sharing and reuse of information within primary care and clinical
research. In the future it is planned to share the clinical information from this network with other HL7-compliant workgroups
and to extend the platform to other infective diseases (eg, hepatitis).

(Med 2.0 2013;2(2):e5)   doi:10.2196/med20.2712

KEYWORDS

multicenter clinical trials; human immunodeficiency virus; health level 7; biomedical ontologies; z score

Introduction

Human immunodeficiency virus (HIV) infection is still a severe
and current problem in modern society. Indeed, even if at the
moment less attention is focused on HIV disease in comparison
to the past, still globally, 34.0 million [31.4-35.9 million] people
were living with HIV at the end of 2011 [1]. Currently, the
primary HIV treatments, highly-active antiretroviral therapies
(HAARTs), extend the life expectancy of patients and the
disease is now considered chronic; therefore the overall number
of people living with HIV has steadily increased. Moreover,
even if the survival rate has sensibly improved, HIV positive
patients need to be regularly monitored within primary care
with a comprehensive approach throughout their life, through
complex longitudinal follow ups [2]. Furthermore, HIV patients
often encounter various types of complications due to the state
of immunodeficiency and the side effects caused by HAARTs.
Accordingly, HIV positive people are often concurrently
involved in many multicenter clinical trials (MCTs), with the
objective of improving HIV treatments and finding a preventive
vaccine. Therefore, proper systems and software applications
are needed to correctly store, manage, and analyse the large
amount of data produced within this complex scenario, between
primary care and clinical research, with the aim of supporting
physicians during their work and consequently improving
patients’ health. First, such systems and software applications
would have to allow physicians an easy access to overall patient
information and the reusing of such information for multicenter
clinical research. Second, operator usability and freedom of
access and analysis, according to proper access rights, would
have to be supported with user-friendly and intuitive
applications. Finally, there should be the possibility of data
sharing through standard instruments among different
workgroups, and national and international institutions to
stimulate collaborations and favour public health policies
concerning HIV.

Generally, the benefits of the integration between primary care
and clinical research has already been established [3,4] and

many workgroups are focusing their strengths on achieving this
objective [5,6]. However, vendors of electronic/medical health
records systems are so far, still not working in the same
direction. Consequently, a wide integration of administration
and primary care applications with the research applications is
not yet possible. Therefore, above all in the academic
community where financial resources are lacking, physicians
have to adopt craft-made or open source (eg, OpenClinica [7],
OpenCDMS [8], PhOSCO [9], and REDCap [10]) solutions to
manage their data within clinical research. This often generates
substantial and repeated data copy operations which are time
consuming and a possible source of errors.

Specifically, in the HIV domain, the efficacy of comprehensive
systems to optimally treat the disease has already been proven
[11]. In particular, the Orchestra program [11] is a
computer-assisted HIV care and support tool implemented in
the outpatient clinic of a University Hospital (Paris, France).
The system aimed at providing physicians with information
concerning 5 areas of actions (eg, cardiovascular risk factors
and compliance to HAARTs). Nevertheless, even if its efficacy
has been tested and its comprehensive approach proved, the
Orchestra program is limited to only some aspects within the
HIV scenario and above all, data cannot be reused for research
purposes. Instead, Pugliese et al [12,13] presented NADIS which
is an electronic medical record for HIV negative, hepatitis B
virus (HBV) negative, or hepatitis C virus (HCV) negative
infected adults seeking care in French public hospitals. NADIS
satisfies many of the requirements introduced above, for an
optimal management of the HIV infection. However, it has
some drawbacks. First, it is a desktop application, which causes
laborious maintenance operations and limited access for users.
Second, physicians, also with appropriate viewing rights, are
not free to consult and extract information for research purposes,
but have to ask dedicated staff to perform these tasks. Finally,
NADIS is only available within the French National Health
Systems, consequently is not possible to participate in the project
from outside France.
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Due to the previously presented limitations, the authors decided
to develop their own solution: “The Ligurian HIV Clinical
Network”, which is a user-friendly Web-application which
manages, shares, and analyses data within primary care and
clinical research.

Methods

Overview
First, to ensure the satisfaction of all technical and clinical
aspects and to guarantee high quality patient care and research
within the HIV context, the system has been designed,
developed, and tested through a close collaboration between
health informaticians and HIV experts.

From a technical point of view, the core of the system is based
on some general and scalable principles [14,15] which are
suitable also for other clinical domains. The key aspect of the
system is a relational database which, due to a high data
structuring through a meta description approach, permits the
archiving of various types of clinical information (eg, related
to HIV, cardiovascular, or hepatic diseases) in multiple formats.
The modular design of the database allows a quick addition of
new parameters without any required modification to the
database structure. Particularly, this aspect is essential within
the HIV context because, as introduced above, HIV management
and treatment are constantly evolving, consequently the
inclusion of new criteria is often necessary. Furthermore, to
achieve a complete semantic interoperability and ensure the
participation of as many research groups as possible, the system
allows the collection of codes from biomedical ontologies
controlled vocabularies (“Logical Observation Identifier Names
and Codes”, and “International Classification of Diseases 9”)
and ontologies (“Systematized Nomenclature of Medicine
Clinical Terms”), units and normality ranges concerning all
parameters used by all partners participating in the project.
Accordingly, data can be automatically normalized through the
z score formula [16], extracted and correctly compared within
external statistical tools. Moreover, to respect patients’ privacy
and legal issues, a local identifier, determined through an HASH
cryptography algorithm, is assigned to each patient during the
registration process and a strict viewing rights policy was
adopted. Furthermore, a bidirectional middleware was created
in order to import/export information through health level 7
(HL7) messaging. Thus, data can be manually entered by
physicians or automatically collected within HL7-compliant
hospital information. The essential characteristic is that once

data has been collected in the database the first time, it is then
available, without any further copy operations, during primary
care and for present and future MCTs according to specific
research purposes.

To ensure a wide utilization and low costs, the database is
managed through a Web-platform which dynamically builds
webpage contents and reflects the modular structure described
above [14,15]. Within the design and development of the
Web-platform, physicians’ indications and suggestions had a
particular importance in obtaining a result as user-friendly as
possible, which could be effectively integrated into their
workflow. Furthermore, a maintainance layer was developed
to provide administrators with quick access and enable
modification to all structural aspects of the platform. Finally,
since one of the main objectives was to allow physicians to
extract data for research purposes, a specific algorithm and
extraction tool were developed. Such instruments permit
physicians to access z score normalized information according
to their criteria and to extract this data in a Microsoft Excel
format.

Quantitative Results
The Ligurian HIV Clinical Network has been online from
September 2011 and, after almost 1 year and 9 months, 8
Departments of Infectious Diseases among Ligurian and
Piedmont regions are participating in the project. Furthermore,
testing of the infrastructure, for direct storage of information
from hospital information systems has been developing in 3 of
the previous centers. Currently, out of a population of about
2500 HIV positive people in Liguria (total inhabitants 1,567,339,
on 31/12/2011, calculated by ISTAT), almost 400 patients and
their clinical data have been recorded in the database.
Furthermore, 10 patients have been recorded from centers of
the Piedmont region which participated in one of the MCTs. At
the moment, 5 types of clinical events (historical information,
blood sample examination, admission, discharge and therapy)
are monitored and structured in more than 200 parameters in 7
different formats. The results of such parameters are collected
within primary care and currently reused in 4 ongoing MCTs,
which, even if with different research objectives (eg, starting
from immunological to economical aspects), can correctly
coexist within the platform and consider relevant information
according to specific research purposes. Finally, preliminary
results of some trials have already been presented to national
[17,18] and international conferences [19]. Table 1 reports the
quantitative results described previously in more detail.
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Table 1. Summary of quantitative results of the project.

ResultParameter

1 year and 9 months (since September 2011)Time online

Pietra Ligure Hospital (Pietra Ligure, Italy); San Paolo Hospital (Savona, Italy);
San Martino Hospital (Genoa, Italy); Galliera Hospital (Genoa, Italy); Sanremo
Hospital (Sanremo, Italy); La Spezia Hospital (La Spezia, Italy); Alessandria
Hospital (Alessandria, Italy); Turin Hospital (Turin, Italy)

Participating centers

San Paolo Hospital (Savona, Italy); San Martino Hospital (Genoa, Italy); Gal-
liera Hospital (Genoa, Italy)

Testing of direct storage in HL7 format

410Recorded patients

Historical information; Blood sample; Admission; Discharge; TherapyType of clinical events

216Monitored parameters

Integer; Float; Categorical; Boolean; Dates; String; CodePossible formats

4Ongoing MCTs

3Clinical Studies' preliminary results presented to conferences by
clinicians

Qualitative Results: Examples of the Most Significative
Webpages
Each parameter has its own detail page (Figures 1 and 2), where
administrators can set up all the necessary information to
correctly manage clinical data and achieve a complete semantic
interoperability within all centers which are participating in the
project. In particular, this example refers to CD4 Lymphocites
number (one of the most important variables within HIV
context), which pertains to the phenotyping and viremy aspects,
and label 2 (Figure 1) highlights the related standard code and
controlled vocabulary. The type of parameter is integer and z
score normalization is required (label 1, Figure 1) furthermore,
it is possible to archive all different units and normality ranges
used by centers (label 3, Figure 2). Finally, there is the
possibility to set up the MCTs in which researchers wish to
consider the parameter (label 4, Figure 2). Therefore, it is
possible to customize the considered parameters according to
specific research purposes, and the practical results of this option
are shown in Figures 3-5.

Specifically, Figures 3-5 report snapshots of the results
concerning the phenotype and viremy aspects, for the same
patient and same blood sample (dotted circles in the Figures)
for primary care and two different MCTs. Obviously, all possible
parameters are present in the list which refers to primary care
(Figure 3), as in order to optimally treat the HIV positive
patients, as much information as possible is required. Instead,
the other two lists contain less parameters and are customized
according to specific research objectives. Therefore, the
MARHIV study [17,18] (Figure 4) considers many aspects as
it is focused on immunological and clinical aspects; on the
contrary, the ACTEA I study, which is mainly concentrated on
economical aspects, examines only the essential immunological

information of HIV positive patients (Figure 5). Furthermore,
the Figures show two other main characteristics of the platform.
First, users can work with their own instruments since units and
normality ranges are related to centers and data is normalized
only during the extraction process. Second, even if considered
parameters are different in the three lists and data has been
recorded only once, where it is possible common information
is reused and integrated. For example, as highlighted by solid
circles, some results are available in all the snapshots.

As reported in the introduction, one of the main objectives was
to allow physicians to independently extract data according to
their needs. Figures 6 and 7 underline the results which have
been obtained concerning this aspect. In fact, the snapshots
report examples of how physicians can enter specific extraction
criteria (Figure 6), and how the obtained information can be
exploited (Figure 7). Referring to Figure 6, label 5 shows the
possibility of defining particular thresholds, both inclusive and
exclusive, for numeric parameters. Obviously, there is also the
possibility to indicate specific requirements for all other formats,
such as positivity/negativity for Booleans or equality to a cert
value for categorical. Once all the criteria has been entered,
physicians can extract information through two different
modalities. The first one allows authorized users to access
information and extract z score normalized data in Excel format.
Conversely, the second extraction mode can be used during the
recruitment phase of MCTs. In fact, it is possible to know how
many patients in each center, within the whole cohort, respect
specific criteria (Figure 7). It is important to emphasize that,
due to a strict viewing rights policy, the physicians who is
extracting data in this case cannot directly access information;
however, there is the possibility to send the centers a request
for the participation of the patients in the selected MCT.
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Figure 1. Parameter details page: name, type (label 1), and code (label 2).

Figure 2. Parameter details page: studies in which the parameter is considered (label 3) and, centers' units and normality ranges (label 4).
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Figure 3. List of parameters concerning phenotype and viremy aspects for primary care.
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Figure 4. List of parameters concerning phenotype and viremy aspects for MARHIV study.
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Figure 5. List of parameters concerning phenotype and viremy aspects for ACTEA I-study.

Figure 6. Data extraction tool: example of extraction criteria entering.
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Figure 7. Data extraction tool: extraction tool used for patients’ recruitment.

Discussion

The Ligurian HIV Clinical Network, through standard and
general methods which are applicable also in other medical
domains, provides physicians with all the necessary instruments
to perform high quality care and collaborative research in the
field of HIV. In addition, it overcame some of the drawbacks
of the previously proposed solutions. First, as reported in the
Results section, a wide range of parameters are considered in
order to extend the area of actions analysed within the Orchestra
program [11] and the adoption of an approach as comprehensive
as possible during primary care with the possibility of easily
adding new clinical aspects was applied. Furthermore, instead
of NADIS [12,13] the proposed solution is a Web-platform to
ensure low maintenance costs and wide access. From the
multicenter research perspective, a high level of semantic
interoperability was achieved and data is effectively managed
and shared within MCTs among different regions in Italy.

Moreover, due to the nature of the presented structure, the
project potentially is not limited to NorthernItaly. In fact, new
centers and research groups could join this initiative on a
national and international base; the only requirement is the
collection of all relevant information concerning the work
environment (such as standard codes; normality ranges and
units). Furthermore, unlike within NADIS [12,13], physicians
can independently extract and compare information according
to their needs in an effective way, without any necessary
dedicated staff. In addition, the developed extraction tool can
sensibly improve and speed up the patients’ recruitment which
usually is one of the most time consuming operations in MCTs.

However, since some aspects are still being developed, our
system still has some limitations. First, at the moment a
statistical analysis tool is missing. We plan to develop such a
tool in the near future, but it is important to underline that the
majority of physicians prefers to use their own statistical
packages. Accordingly, the creation of a statistical tool within

the platform does not represent a priority at the moment. In fact,
the most important and innovative aspect is to have provided
physicians with the possibility of normalizing and extracting
data which can be correctly analyzed by their own statistical
packages. Second, specific alghorithms for patient recruitment
are missing at this stage. However, the developed tool selects
the patients according to the user requirements (eg, value of last
cluster of differentiation 4 [CD4] lymphocytes count),
consequently physicians can identify suitable patients for their
research purposes. Finally, the percentage of recorded patients
in the system is just a part of the overall Ligurian HIV positive
population in the considered area. Though, since the information
has been recorded manually so far, physicians actively used the
system and about the 16% of the whole Ligurian HIV positive
population (400/2500 patients) has been collected within the
system. Moreover, since testing processes for the direct storage
of information are in an advanced phase in three hospitals, the
quantity and the quality of recorded data are destined to increase.
Furthermore, the already published works [17-19] evidence the
effectiveness of the platform also from a research point of
view.These results are a direct consequence of the close
collaboration between health informaticians and physicians,
adopted during all the phases of the project which has permited
the creation of a tool that satisfies s physicians needs in both
primary care and clinical research.

As far as the future is concerned, operations to extend the
platform to other chronic infective diseases (hepatitis B and C)
have already begun and this could be extremely important in
supporting physicians’ work, as many HIV positive patients
have also these coinfections. Furthermore, we planned to
exchange our information with other HL7 compliant research
groups. Concerning this aspect, links have previously been
developed to perform, in the future, an automatic exchange of
data with Antiretroviral Resistance Cohort Analysis (ARCA)
[20], which is one of the biggest HIV research databases in
Italy.
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Abstract

Background: eHealth services can contribute to individuals’ self-management, that is, performing lifestyle-related activities
and decision making, to maintain a good health, or to mitigate the effect of an (chronic) illness on their health. But how effective
are these services? Conducting a randomized controlled trial (RCT) is the golden standard to answer such a question, but takes
extensive time and effort. The eHealth Analysis and Steering Instrument (eASI) offers a quick, but not dirty alternative. The eASI
surveys how eHealth services score on 3 dimensions (ie, utility, usability, and content) and 12 underlying categories (ie, insight
in health condition, self-management decision making, performance of self-management, involving the social environment,
interaction, personalization, persuasion, description of health issue, factors of influence, goal of eHealth service, implementation,
and evidence). However, there are no data on its validity and reliability.

Objective: The objective of our study was to assess the construct and predictive validity and interrater reliability of the eASI.

Methods: We found 16 eHealth services supporting self-management published in the literature, whose effectiveness was
evaluated in an RCT and the service itself was available for rating. Participants (N=16) rated these services with the eASI. We
analyzed the correlation of eASI items with the underlying three dimensions (construct validity), the correlation between the
eASI score and the eHealth services’ effect size observed in the RCT (predictive validity), and the interrater agreement.

Results: Three items did not fit with the other items and dimensions and were removed from the eASI; 4 items were replaced
from the utility to the content dimension. The interrater reliabilities of the dimensions and the total score were moderate (total,
κ=.53, and content, κ=.55) and substantial (utility, κ=.69, and usability, κ=.63). The adjusted eASI explained variance in the

eHealth services’ effect sizes (R2=.31, P<.001), as did the dimensions utility (R2=.49, P<.001) and usability (R2=.18, P=.021).

Usability explained variance in the effect size on health outcomes (R2=.13, P=.028).

Conclusions: After removing 3 items and replacing 4 items to another dimension, the eASI (3 dimensions, 11 categories, and
32 items) has a good construct validity and predictive validity. The eASI scales are moderately to highly reliable. Accordingly,
the eASI can predict how effective an eHealth service is in regard to supporting self-management. Due to a small pool of available
eHealth services, it is advised to reevaluate the eASI in the future with more services.

(Med 2.0 2013;2(2):e8)   doi:10.2196/med20.2571
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Introduction

Background
eHealth services, contributing to self-management, are
developed and implemented on a daily basis. The Internet is
flooded with websites and apps, which offer support for
individuals to perform lifestyle-related activities and decision
making, to maintain a good health, or to mitigate the effect of
an (chronic) illness on their health. For example, Apple offers
more than 200 apps, which provide information about healthy
habits, offer the possibility to keep a diet, help monitoring
physical activity, and facilitate managing an illness, such as
diabetes. These websites and apps all claim that they can help
to maintain a healthy lifestyle and contribute to a person’s
health. But how effective are these eHealth services?

Various randomized controlled trials (RCTs) examined the
effectiveness of eHealth services on self-management, with a
large variety in effectiveness. For example, Norman et al.
reported heterogeneity of studies with respect to participants,
type of intervention and outcomes, and mixed findings related
to the outcome [1]. As a result, it is difficult to generalize these
findings to all eHealth services supporting self-management.
In addition, many new health services are developed and should
the effectiveness of each of these be examined empirically in
an RCT?

Conducting an RCT takes extensive time and effort. Enrolling
and studying people using an eHealth service for a longer period
of time to examine its effectiveness may take a year or more.
In addition, one has to deal with high levels of attrition when
people use eHealth services [2]. Meanwhile, when the results
are published, general knowledge and technological
developments about eHealth are already a number of steps ahead
[3]. Although considered the “gold standard” in empirical
research on medical interventions, these RCTs are not an
efficient way to answer our question how effective an eHealth
service is at this time. Moreover, when evaluating eHealth
services it is suggested to apply “methodological pluralism”
(ie, undertaking combined quantitative and qualitative work)
[4] and to examine changes and effects of using the eHealth
service on various levels, such as the micro-level (eg, user health
service), meso-level (eg, health organization), and macro-level
(eg, society) [5]. Accordingly, there is a need for a rating
instrument which can be used efficiently, provides an agenda
to discuss how an eHealth service can contribute to
self-management, and finally which is valid and reliable to
provide a forecast on the effectiveness of an eHealth service on
self-management, that is, an instrument which collects data
“quick, but not dirty”.

The present literature does not provide such an instrument. Most
instruments are concerned with rating the quality of the content
of health websites (eg, Health Website Rating Instrument, HWRI
[6] and for an overview see [7]), standards to report studies on
eHealth devices (eg, Consolidated Standards of Reporting Trials
of Electronic and Mobile HEalth Applications and online
TeleHealth, CONSORT-EHEALTH [8]), or toolkits to promote
the implementation of eHealth (eg, eHealth implementation
toolkit, e-hit [9]). However, we need an instrument that not only

evaluates the quality of the content of a website, description of
the study, or implementation of the service, but that judges if
the eHealth device effectively supports changing health-related
behavior (ie, se-management).

eHealth Analysis and Steering Instrument: Dimensions
and Categories
The eHealth Analysis and Steering Instrument (eASI) is
developed to measure the expected effectiveness of eHealth
services on self-management, without necessitating the
endeavors of an RCT or more formative research on various
levels (ie, micro-, meso-, and macro-level). The eASI is based
on a literature review, examining definitions and
operationalization of the effectiveness of eHealth [10]. This
review covered the literature on health promotion,
self-management and self-regulation, human-computer
interaction, usability, and the development and implementation
of health-promoting interventions, including interactive health
technologies (ie, eHealth) [11-20]. The review elicited various
techniques and strategies contributing to the effectiveness of
health innovations. Examples are providing feedback to create
health awareness, offering decision aids, and goal setting. In
addition, it elicited usability aspects contributing to the
effectiveness of technology in general. Only one paper looked
at evaluation of usability in eHealth services. In this paper, the
usability guidelines, as originally introduced by Norman and
Nielsen, are used as principal evaluation items, because no new
evaluation items have been specifically developed for testing
interactive health technologies. The guidelines for usability
include interface consistency, error prevention, and tailoring to
user characteristics. Finally, the review elicited aspects related
to the content of the technological health-promoting
intervention, which contribute to its effectiveness. Here, aspects
cover analyzing the health problem, identifying causes of the
health problem and the extent to which the intervention attends
to these factors, and the constituency for the intervention.

These resulting aspects were integrated in a conceptual
framework consisting of 3 dimensions, contributing to the
effectiveness of eHealth supporting self-management. These
dimensions are: (1) utility, a scale of how functional the service
is (ie, what is self-management and how is it operationalized
in the rated eHealth services), (2) usability, a scale of how usable
the service is (ie, how easy and enjoyable is it to perform
self-management with this service), and (3) content, a scale of
the quality of the content of the service (ie, does this service
contain content, which succeeds in convincing why it is
important for the user to perform self-management.).

These dimensions were operationalized in 3 subscales by
formulating Likert-type items. The dimensions contain different
categories, which in turn cover 43 items, which are rated
dichotomously.

The face validity of this 43-item version of the eASI was
evaluated by a group of Dutch experts (n=28) in a Delphi
procedure [21]. Through this Delphi study, we reached
consensus that 35 items were considered relevant for measuring
the effectiveness of eHealth (see Table 1). The 35 items are
divided across 12 categories, which in turn are divided across
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the three dimensions: utility, usability, and content. For an
overview of the items, see Multimedia Appendix 1.

The eASI is developed for intermediates, such as health care
insurance companies, health care givers, and eHealth developers.
This target group can directly act based on the eASI outcomes.
They can reimburse, buy and apply services, or determine how
to (re)develop them. A first application of the eASI showed that
it can be used to analyze the expected effectiveness of eHealth
services and provide steering for improvement [10]. However,
there are no data on its validity and reliability. Therefore, our

study has 3 aims to address these issues: First, the construct
validity: the degree to which the scores of eASI are consistent
with our hypotheses, regarding internal relationships between
items within the different dimensions—utility, usability, and
content [22]. Second, the interrater reliability: the degree of
agreement among the raters for each item of the eASI, the total
score on the eASI, and the three dimensions [22]. Third, the
predictive validity: the degree to which the scores on eASI (ie,
total score and dimensions) predict the effect sizes of the rated
eHealth services observed in RCTs [23].

Table 1. Dimensions and categories defined in the eASI and the number of items they contain.

Number of itemsCategoriesDimension

3Insight in health conditionUtility

3Self-management decision making

4Performance of self-management

4Involving the social environment

4InteractionUsability

3Personalization

4Persuasion

2Description of health issueContent

2Factors of influence

3Goal of eHealth service

2Implementation

1Evidence

35Total

Methods

Focus
To examine the validity and reliability of the eASI, various
eHealth services needed to be rated using the eASI. These
ratings served to examine the construct validity and interrater
reliability. In order to study the predictive validity of the eASI,
the effectiveness of these eHealth services had to be assessed
in an RCT. Although the RCT is sometimes criticized as too
limited to assess the effectiveness of eHealth services [4,5], we
consider the RCT as a suitable and conservative approach to
examine the effects of stand-alone eHealth services to support
individual users in their self-management. To demonstrate the
predictive validity, the effect sizes of the eHealth services found
in an RCT needed to be compared with the eASI rating result
of that eHealth service.

Selection of eHealth Services
Systematic literature searches in electronic databases (Pubmed,
MEDLINE, CINAHL, and PsycInfo) were conducted for RCTs

of eHealth services, which aimed at increasing self-management.
We used the search phrase (online OR Internet OR eHealth)
AND (self-management OR self-care OR health-promotion)
AND (randomized controlled trial OR RCT) as title and abstract
words or MeSH terms. Article reference lists were examined
for additional papers. A total of 14,531 papers were identified.

Subsequently, titles and abstracts of the papers were screened
using the following criteria: First, the RCT evaluated an eHealth
service (ie, online or Web-based or Internet-based therapy,
treatment, or intervention) and the outcome measure was
self-management behavior (ie, behavior conducted by the user
to improve or maintain health or minimize impact of illness on
health). Second, the results of the full trial were published or
in press. This screening elicited 64 studies. Finally, we screened
if the studied eHealth service used the Dutch, English, French,
or German language and was available to be rated by the eASI
in our study. This screening elicited 16 services (see Table 2).
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Table 2. Overview of the eHealth service and RCT evaluation (N=16).

Service characteristicsaStudyeHealth service (country)

Problem drinkersBoon et al [24]1. Drinktest (Netherlands)

Assessment and advice

SA

Reduce alcohol consumption

People with (early signs of) a depressionPowell et al [25]2. Moodgym (Australia)

Web-based cognitive behavioral therapy (CBT)

SA

Reduce depression and anxiety

People with a depressionRuwaard et al [26]3. Interapy (Netherlands)

Online assessment, diagnosis by phone and Web-based CBT

BC

Reduce symptoms of depression and anxiety

People who are overweightGenugten et al [27]4. Gripp (Netherlands)

Web-based modular treatment focusing on goal setting, self-moni-
toring, and feedback

SA

Reduce weight gain

Problem drinkersPostel et al [28]5. Alcoholdebaas (Netherlands)

Asynchronous communication with therapist, health information,
and forum

BC

Reduce alcohol consumption

People with diabetesHeinrich et al [29]6. Diep (Netherlands)

Interactive information on diabetes

SA

Improve diabetes regulation

People with diabetes and depressionBastelaar [30]7. Diabetergestemd (Netherlands)

Web-based, guided self-help program based on CBT

BC

Reduce depressive symptoms

Teenagers with chronic fatigue syndromeNijhof et al [31]8. Fitnet (Netherlands)

Web-based CBT

BC

Improve school presence and physical functioning and reduce fatigue

People who are overweightKelders et al [32]9. Gezondgewichtassistent (Netherlands)

Website to set and achieve personal health goals and tailored health
information

SA

Maintaining a healthy lifestyle and improve body mass index (BMI)

People with (early signs of) a depression and anxietyGraaf et al [33]10. Kleurjeleven (Netherlands)

Web-based CBT

BC

Reduce symptoms of depression and anxiety
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Service characteristicsaStudyeHealth service (country)

People with suicidal ideationsSpijker et al [34]11. 113online (Netherlands)

Online services, covering self-test and consultation through chat,
phone and email, forum, and self-help course

BC

Reduce suicidal ideations

People with chronic obstructive pulmonary disease (COPD) and
asthma

van der Meer et al [35]12. Patientcoach (Netherlands)

Web-based application for health information, self-monitoring, and
eConsult

BC

Improve COPD and asthma regulation

People who are overweightBlanson Henkemans et al [36]13. Diabeter (Netherlands)

Online lifestyle diary, setting personal goals and feedback from an
avatar

SA

Maintaining a healthy lifestyle and improve BMI

Problem drinkersRiper et al [37]14. Minderdrinken.nl (Netherlands)

Web-based CBT

SA

Reduce alcohol consumption

People with (early signs of) a depression and anxietyWarmerdam et al [38]15. Alles onder controle (Netherlands)

Web-based CBT

BC

Reduce symptoms of depression and anxiety

People who want to increase physical exerciseWanner et al [39]16. Active online (Switzerland)

Individually tailored counseling and motivational feedback

SA

Improved physical exercise

aTarget group, intervention description, stand-alone (SA) or blended care (BC), and goals.

Rating eHealth Services With eASI

Population
The eASI target user group consists of health care insurance
employees in charge of acquiring eHealth services, health care
givers applying eHealth, and eHealth developers. These persons
are generally highly educated and use computers and Internet
daily. In our study, to fit the profile of the target group, we
recruited a sample of 16 men and women, aged 20-25 years,
highly educated (ie, BA or MA degree), and with above average
experience with computers and Internet.

Persons were recruited through the participants’database of the
Dutch Organization for Applied Sciences (TNO) through an
invitational email. Computer experience of the persons, who
signed up for the study, was assessed with a computer
experience survey. This survey consisted of a 5-point Likert
scale, ranging from low (little computer and Internet experience)
through high (extensive computer and Internet experience,
including programming). All participants scored at least 4 points.

Participants were invited to rate eHealth services and they
received a small fee for their participation. They did not have
prior experience with the eASI.

eASI Instrument
The eASI is based on a literature review of factors related to
the effectiveness of eHealth services, regarding self-management
and health outcomes [10]. For the study, we applied the eASI,
which was tested on face validity and improved accordingly.
The eASI contained 35 items, which were rated dichotomously
(item is applicable or not applicable to eHealth service). An
eHealth service could score 0-35 points in total, 0-14 points for
utility, 0-11 points for usability, and 0-10 points for content.
The higher the score, the more effective an eHealth service is
expected to be.

Procedure
The rating sessions lasted approximately 2.5 hours and started
with a short questionnaire assessing demographics (ie, gender,
year of birth, and education level) and use of eHealth (on a
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4-point scale: never, sometimes, regularly, and often). Further,
the participants received a short training on how to rate with
the eASI. The training covered the goal of the eASI, explanation
of the three dimensions, and instructions on how to use the eASI
to rate the eHealth services. These instructions were also
available on paper during the rating. The rated eHealth services
were presented on a PC and the eASI was filled in on paper.
Finally, we surveyed how the raters experienced rating eHealth
services with the eASI. The raters were surveyed after each
rated service, using a 5-point Likert scale and an open question,
on the experienced clarity of the items, the effort to answer
them, and the ability to rate a service with the eASI. In addition,
we posed an open question about the positive and negative
features of the eASI.

It would be too demanding for each participant to rate all
eHealth services with the eASI. Therefore, each eHealth service
was rated by 3 participants. They were randomly selected from
the pool of 16 participants in such a way that each of the 16
participants rated 3 eHealth services. For example, the eHealth
service by Postel et al was rated by raters 1, 12, and 14. The
score of each service on the eASI was calculated as follows:
First, we computed the services’ total eASI score and score per
dimensions, per rater (ie, sum score). Second, we averaged the
three raters’ sum scores.

Statistical Analysis

Construct Validity
To determine the construct validity, that is, to confirm the
existence of the predefined three dimensions, we conducted
confirmatory factor analysis (ie, the oblique multiple group
method) [40,41]. We tested if the eASI ratings fit the
hypothesized structure. For each dimension, we calculated the
reliability statistic (ie, Cronbach alpha) and for each item 3
correlations: the correlation with the dimension it is assumed
to belong to (with an item-rest correlation) and the correlations
with the other two dimensions. If the first correlation (the
item-rest correlation) was larger than the latter two, the
predefined structure was confirmed.

Because we had scores from 3 raters per item, we calculated
the Cronbach alpha from 3 random samples in regard to the
rater (ie, we randomly selected one score per item; and this was
repeated 3 times). On the basis of the results, an alternative
structure of the eASI was considered.

Interrater Reliability
As an index of the interrater reliability, a generalized kappa was
computed (ie, Light’s kappa) [42]. For the analysis, we assumed

that the raters were interchangeable (ie, each of the raters could
“act” as the first, second, or third rater), and we organized the
data for each item accordingly. We permuted the order of the
values in each row 1000 times, resulting in 1000 data sets. For
each permuted data set, we computed Light’s kappa, resulting
in 1000 values of kappa. As summary statistics, we used the
computed mean kappa of these 1000 values, and the minimum
and maximum. We used the interpretation of kappa, as listed
in Table 3 [43].

Predictive Validity
To determine the predictive validity, we first analyzed how the
RCTs measured the effectiveness of the eHealth services.
Self-management behavior is influenced by personal and
environmental determinants (eg, intention, attitude, and
subjective norm). In turn, self-management behavior results in
health outcomes. This behavioral model is based on, among
others, the theory of reasoned action and the theory of planned
behavior [44]. These social cognitive theories of behavior
distinguish 3 elements of behavior: (1) the determinants of an
individual’s behavior, (2) the intention to perform a behavior,
and (3) the actual behavior itself. Many health outcomes are
linked to specific behaviors, thus a fourth step that can be
distinguished, which is the impact of the behavior on an
individual’s health. This enabled us to categorize the measures
of the different studies and compare effect sizes. First, we
calculated the effect sizes (ie, Hedges g) of each service in
regard to (1) determinants of behavior, (2) self-management
behavior, and (3) health outcomes [45]. Second, we conducted
a regression analysis in which we studied the relation between
the eHealth services’effect size in regard to determinants, health
behavior and health outcomes, and their averaged sum scores
on the eASI in total and per dimension. For example, the
analysis showed that the eHealth service “Alcohol de baas”
(Look at your drinking) had an effect size of 1.15 regarding
self-management behavior. The sum score of the three raters
on average was 31.67 on the eASI total (90% of maximum total
score), 13.00 on utility (93% of maximum total score), 9.33 on
usability (85% of maximum total score), and 9.33 on content
(93% of maximum total score). In our regression analysis, we
analyzed if eHealth services with a high effect score also had a
high eASI score, just as Alcohol de baas, and vice versa.

Computational Note
The construct validity analyses were performed in SPSS (version
20.0); the predictive validity analyses were performed in
Comprehensive Meta-Analyses (version 2) [46], and the
interrater reliability analyses were performed using the package
“psy” in the R software environment [47,48].
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Table 3. Interpretations of kappa [43].

Strength of agreementKappa statistic

Poor<.00

Slight.00-.20

Fair.21-.40

Moderate.41-.60

Substantial.61-.80

Almost perfect>.80

Results

Participants
The study sample consisted of 7 male and 9 female participants,
between the age of 20 and 25 years (mean 22.06, SD 1.57).
They had a Bachelor (BA) or Master (MA) degree. They
sometimes used eHealth services.

Construct Validity
A first step in the construct validity is the internal consistency
of the items belonging to a construct. The dimensions utility,
usability, and content had a Cronbach alpha of .53,.41, and .49,
respectively. An inter-item correlation analysis of items in own
dimension versus items in other dimensions showed that items
5 and 35 had a negative correlation with their own dimension
(−.35 and −.27, respectively) and a weak correlation with the
other two dimensions. Therefore, we followed a number of steps
to come to a new structure and to improve the overall inter-item
correlation.

First, we discarded items 5 and 35 and redid the inter-item
correlation analysis. The correlation improved, but showed that
items 11-14 better correlated with the dimension content than
with utility (.30 vs .06, .68 vs .49, .51 vs .04, and .12 vs −.11,
respectively). Second, we discarded items 5 and 35 and placed
items 11-14 in the dimension content and redid the inter-item
correlation analysis. The result was that item 30 had a negative
correlation with its own dimension (−33). Third, we discarded
item 30 and redid the inter-item correlation analysis. Internal
consistency statistics of the new version of eASI with 32 items,
with items 5, 30, and 35 discarded and items 11-14 placed in
the dimension content, were as follows. The dimensions utility,
usability, and content had a Cronbach alpha of .61, .56, and .62,
respectively. This new and final version is listed in Multimedia
Appendix 1.

Interrater Reliability
The interrater reliability of most items was moderate to almost
perfect (κ>.41 and κ>.81, respectively), except for the following
6 items: 14, 15, 17, 28, 29, and 31. For 3 items (16, 25, and 30),
Light’s kappa could not be computed, because there was no

variability in the scores among the raters. All raters scored a
“1” (ie, yes) on these eASI items.

The interrater reliabilities of the dimensions and the total score
varied between moderate (total and content) and substantial
(utility and usability). The interrater reliabilities of the initial
structure were comparable to the ones of the new structure. The
improvement of the construct validity did not go at the cost of
the reliability.

Predictive Validity
As shown in Table 4, 10 RCTs studied the effect of their eHealth
service on self-management behaviors (eg, maintain diet,
performing physical activity, adhering to the low-risk drinking
guideline, and controlling corticosteroid). As shown in Table
5, 12 RCTs studied the effect of their eHealth service on health
outcomes (ie, physical and mental health). Only 4 RCTs studied
the effect of their eHealth service on determinants for
self-management (eg, attitude, beliefs, knowledge, and skills).
This number was too small for our predictive validity analysis.
As we wanted to evaluate the eASI and not the eHealth services,
we have anonymized the studies; however, services in Tables
4 and 5 are similarly denoted.

Figure 1 shows the correlation between the eASI total score
with 32 items (see Multimedia Appendix 1) and
self-management behavior. The correlation was significant. The
eASI total score predicted 31% of the variance in the effect
sizes of the studied eHealth services (F1,28=12.56, P<.001).
Furthermore, the separate eASI utility scores and eASI usability
scores on self-management behavior were significant. They
predicted 49% and 18% of the effect sizes (F1,28=27.37,
P<.0001; F1,28=6.01, P=.021), respectively. The eASI content

score was not significant (R2=.05; F1,28=.54, P=.22).

The total score on eASI did not have a significant effect on

health outcome measures (R2=.05; F1,34=1.64, P=.21). Of the
separate dimensions, usability (ie, new scale with 11 items)
predicted 13% of the variance in the effect sizes (F1,34=5.28,
P=.028). The other two dimensions utility and content predicted
0% and 2% variance, respectively.
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Table 4. eHealth services’ effect sizes in RCTs of self-management behavior and sum scores on eASI total, utility, usability, and content (N=10).

Score eASI contentScore eASI usabilityScore eASI utilityScore eASI totalHedges g (P value)eHealth servicesa

0-120-110-90-32−1-1Range (min-max)

6.674.677.0019.33.378 (.257)A

10.334.337.0022.00.562 (.004)B

7.677.338.0022.67.727 (.002)C

3.673.675.0012.33.645 (.000)D

7.336.338.0022.00.223 (.256)E

8.336.005.0019.67.300 (.257)F

8.007.334.0019.33.183 (.462)G

11.009.338.0028.671.151 (.000)H

9.004.007.0020.33.170 (.141)I

6.337.337.0021.001.215 (.000)J

7.836.036.6020.73.556 (.000)Overall

aeHealth services have been anonymized.

Table 5. eHealth services’ effect sizes in RCTs of health outcomes and sum and sum scores on eASI total, utility, usability, and content (N=12).

Score eASI contentScore eASI usabilityScore eASI utilityScore eASI totalHedges g (Pvalue)eHealth servicesa

0-100-110-140-35−1-1Range (min-max)

6.674.677.0019.33.080 (.620)A

7.677.338.0022.67.137 (.219)C

7.336.338.0022.00.224 (.185)E

8.336.005.0019.67.611 (.024)F

8.007.334.0019.33.831 (.001)G

11.009.338.0028.67.562 (.001)H

6.337.337.0021.001.194 (.000)J

6.335.674.0015.67.171 (.185)K

7.676.678.0022.00.541 (.000)L

8.336.005.0019.67.390 (.012)M

5.005.338.0018.00.227 (.515)N

9.006.674.0020.00.220 (.092)O

7.646.566.3320.67.369 (.000)Overall

aeHealth services have been anonymized.
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Figure 1. Regression of eASI total score and eHealth services’effect size in regard to self-management behavior (Hedges g; n=10; R 2=.31; F1,28=12.56,
P<.001).

Qualitative Evaluation of eASI
In regard to the experienced ability to rate a service with the
eASI, on a scale of 1 (not at all able) through 5 (very able), the
raters, on average, scored 4.06 (SD .75) after 1 rating and 3.38
(SD 1.05) after 3 ratings.

In regard to the experienced clarity of eASI, on a scale of 1 (not
clear at all) through 5 (very clear), the raters, on average, scored
3.94 (SD .66) after 1 rating and 4.06 (SD .43) after 3 ratings.
The items that were least clear (ie, this item was mentioned
more than 6 times by the raters as not clear) were “the eHealth
service aids making a decision about how to cope with a health
problem in agreement with personal preferences”, “the eHealth
service aids translating chosen coping strategies to a personal
goal,” and “the eHealth service can be used on different
platforms.”

In regard to the experienced effort to rate services with eASI,
on a scale of 1 (no effort at all) through 5 (very much effort),
the raters, on average, scored 2.25 (SD .66) after 1 rating and
1.94 (SD .43) after 3 ratings. The items that took most effort to
rate (ie, this item was mentioned more than 6 times by the raters
as difficult to rate) was “the eHealth service can be used on
different platforms.”

Finally, when asked about the positive and negative features of
the eASI, the raters mentioned that the eASI helped them to
look at websites more accurately and systematically (n=4) and
that the examples provided helped them to understand the rating
items (n=3). In addition, they mentioned that it is important to
bear in mind how the services is used (eg, once or continuously)
(n=1) and that in some cases a caregiver is involved in the use
of the service (n=2). This could affect the effectiveness. Finally,
the raters suggested a rating scale instead of yes/no rating (n=3).

Discussion

Construct Validity
After discarding 3 items and shifting 4 items to another
dimension, the three dimensions of eASI are moderately reliable
(internal consistency, Cronbach alpha between .56 and .62) and
the items are grouped in three distinctive dimensions. These
results partly confirm our hypothetical and theory-based
dimensions [10]. Accordingly, the results show that the eASI
says something about the “what and how” of self-management
through eHealth (utility), the ease and enjoyment using an
eHealth service (usability), and why it is relevant (content).
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Still, the reliability of the dimensions and especially that of
content could be improved. We have two suggestions for
improvement. The first suggestion is of a technical nature,
namely changing the existing “Applicable/Not applicable”
response scale into a 3-point rating scale. The methodological
benefit of a 3-point rating scale is that there is more room for
variation, which could lead to stronger correlations. The second
suggestion is of a substantive nature, namely creating additional
items for the content dimension or rewriting existing ones. These
additional items should help discriminate the content dimension
from the other two dimensions and mainly from utility, whereby
the content items focus on the “why” of self-management and
utility on the “what and how”. Our aim is to look for items in
these two domains that are more discriminating.

Interrater Reliability
Six items of the eASI showed a poor interrater reliability. We
suggest that these items are improved in the following way.
First, the formulation of the item should be made less
ambiguous. In addition, the examples provided with each item
should fit with the specific target group of the rated service. For
example, in the case of item “Personal health data can be entered
in the eHealth services (eg, BMI, blood pressure, HbA1c)”, the
exemplary measure becomes “BMI” if the target group is
overweight and “HbA1c” if the target group has diabetes. This
requires the instrument to be adaptive. Second, the instruction
for the raters should be further clarified and they could be
trained. In this case, it is advisable to study if there is a learning
curve and how this affects interrater reliability.

The interrater reliability could not be computed for 3 items.
This finding may imply that eHealth programs in general do
not vary on these items (and so the items are not informative)
or that the specific sample of eHealth programs used in this
study is not diverse enough. More data are needed to investigate
this in more detail.

Predictive Validity
The eASI total score predicted the impact of eHealth services
on self-management behavior and health outcomes, which were
assessed in RCTs. Specifically, the dimensions utility and
usability were related to these effects, but content was not. These
results show that the eASI is a valid instrument to predict the
effectiveness of eHealth services with regard to
self-management. However, the associations were small to

moderately high (ie, R2 between .05 and .31). This implies that
the selection and application of eHealth services should not
only be based on the eASI rating.

The total score of eASI did not predict the impact of eHealth
services on health outcomes in RCTs. A possible cause is that
these studies evaluated self-management among (chronically
ill) patients, whereas we also looked at preventive
self-management (ie, keep people healthy). It would be worth
the effort to study the difference in predictive validity of the
eASI for eHealth supporting healthy users or patients.

Clarity, Ease of Use, and Considerations
The qualitative evaluation shows that the eASI scored high on
clarity and ease of use. Nevertheless, there are some items,

which are challenging to understand and to rate. Specifically,
the item “the eHealth service can be used on different platforms”
was evaluated both as unclear and challenging to rate. More
and more applications are offered on mobile platforms, such as
smartphones and tablet pc. These platforms have the benefit of
always being at hand. Still, none of the rated services offers a
mobile version (eg, app). Possibly, the services work well
through mobile Internet. To rate this item, one needs to have
such a platform at hand. Accordingly, as mHealth is on the rise,
we feel this is an important item when rating eHealth, but also
suggest reexamining the validity and reliability of this item.

The qualitative evaluation also provided some consideration in
regard to how to rate eHealth services. In the rated eHealth
services, we found a variation in how they are used. For
example, services are used once, continuously, or in modules.
In addition, some services work stand-alone, while others are
part of blended care (ie, human and computerized care are
alternated). To date, no study has compared these new ways of
using eHealth, and they are not differentiated in the eASI.
However, these aspects could very well affect the effectiveness
of eHealth. Taking into account how eHealth services are
operated offer direction for the possible improvement of the
eASI’s predictive validity. For example, the rater could indicate
in the eASI what the context of the eHealth services is (eg, who
is the end user and how is it used). In addition, the rater could
indicate if the rating is based on the functionality of the eHealth
service itself or on services offered by a remote caregiver. These
parameters (context, type of use, and blended care) could be
used as covariates for the rating results.

Online Version of eASI
Currently, an online version of eASI is developed with different
functionalities (see Multimedia Appendix 2) [49]. These
functionalities could enhance the validity and reliability. In
addition, they could contribute to the effectiveness of eASI,
regarding analysis and steering. Examples of enhancing
functionalities (some of which are already implemented based
on the qualitative data elicited in the study) are as follows:

• Using a rating scale instead of dichotomous rating
• Displaying the context of the eHealth service, including the

type of use and the involvement of a caregiver
• Adapting the examples, accompanying the items, to the

context of the service
• Providing an ontology which clarifies the terminology used

in the eASI
• Providing examples of services which score high or low

per items of the eASI
• Summarizing rating results and suggesting improvements

for the service
• Offering the rater the possibility to provide an overall

personal grade for the rated service
• Sharing results among raters

In a future study, we will evaluate if these functionalities further
contribute to the reliability and validity.

Steering eHealth to Greater Effect on Self-Management
The results show that the eASI can analyze eHealth services,
but also can provide directions for improvement of eHealth
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services. While developing eHealth services, developers could
bare the items of eASI in mind. The more items are fulfilled,
the greater the chance that the eHealth service will be effective
in regard to stimulating self-management. However, specific
eASI items could be at odds. For instance, when implementing
cognitive behavioral therapy (CBT) in an eHealth service, the
item “The eHealth service contains game elements” is
unconventional. Still, through challenge and development of
competencies, games can greatly contribute to long-term
interaction. Stimulating behavior (ie, develop new healthy
behavior or stop unhealthy behavior) takes time and gaming
could stimulate people to use eHealth longer. Thus, we
recommend developers not to rigidly adhere to the items of
eASI, but incorporate the instrument in a conscious
decision-making process, during the design of the service.

These results also show that the eASI has added value in terms
of scientific contributions to eHealth evaluations. Greenhalgh
and Russell [5] point out that “assumptions, methods, and study
designs of experimental science, whilst useful in many contexts,
may be ill-suited to the particular challenges of evaluating
eHealth programs” (p. 2). They provide an alternative set of
guiding principles for eHealth evaluation based on traditions
that view evaluation as social practice rather than as scientific
testing. In the light of this paper, the eASI facilitates applying
the suggested guiding principles related to the creation of
interpersonal and analytic space for effective dialog, the
consideration of the meso-level contexts (eg, organizations,
professional groups), and the consideration of the individuals
(eg, clinicians, managers, and service users) through whom the
eHealth innovation(s) will be adopted, deployed, and used.
Illustratively, the eASI provides a theory-based reference for
the dialog between stakeholders, who are involved in the buying
(insurers), providing (caregivers), and developing (developers)
of eHealth for a variety of end users, for example, people who
are overweight or cope with a chronic illness. With the eASI,
these stakeholders have a starting point to jointly determine
what, on the one hand, can theoretically contribute to the
effectiveness of eHealth on the level of the intervention itself
(ie, utility, usability, and content). On the other hand, it can help
translate eASI rating outcomes to implications for among other
insurance companies, care organizations, and patient
associations to come to an overall improved eHealth. The eASI
can aid decision making in regard to reimbursing and/or
providing an eHealth service or not and further development or
not. This in the end goes at the benefit of the ehealth user.

When using the eASI, it is important to also consider other
instruments, which can contribute to improve the effective
application of eHealth, such as HWRI, e-hit, and
CONSORT-EHEALTH [6,8,9]. The eASI showed to have
multiple unique qualities to be an addition to the domain of
eHealth evaluation, that is, a quick, but not dirty way to forecast
eHealth effectiveness in regard to self-management. However,

other instruments could be more suitable depending on the phase
of development (eg, reporting the evaluation or implementation).

Limitations
This study has a number of limitations. First, the sample size
of the study is a major limitation. We were restricted by the
amount of services, which on the one hand were trialed in an
RCT and, on the other hand were available to rate. However,
to compute a correlation the sample size was sufficient. A
minimum of 15 observations is recommended [50]. Second, we
did not evaluate the RCTs of eHealth services on methodological
quality. As a result, it is possible that included studies that found
smaller effect sizes actually were more methodologically sound
than other included studies. Third, 13 of the 16 studied and
available eHealth services were from the Dutch origin. This
could be explained as follows. We selected the eHealth service
using the Dutch, English, French, or German language to enable
rating the services. This diminishes the inclusion of services
from the regions Asia, South-America, and Africa. The second
explanation is that within the remaining regions (the United
States, Australia, and Europe) the Netherlands is the front-runner
in the evaluation of eHealth services. Other meta-analyses on
eHealth and self-management show that a large number of the
services are from the Dutch origin [51,52]. Despite these
explanations and as research has found that culture affects the
way a person formulates self-management strategies and how
a health profession can support these strategies [53], one should
recognize the predictive validity of eASI could be different in
other countries. Regarding these limitations, it is desirable to
continue rating eHealth services, especially from different
countries, which are evaluated in high quality RCTs, and further
analyze the predictive validity of eASI.

Conclusions
The eASI is a valid and reliable instrument to predict how
effective an eHealth service is in regard to self-management
(eg, maintaining diet, performing physical activity, adhering to
the low-risk drinking guideline, and controlling corticosteroid).
Analysis of an eHealth service with eASI can be conducted
quickly and independently of the eHealth user group, which
decreases the prerequisite to conduct RCTs. Moreover, the score
on eASI and its dimensions utility, usability, and content provide
steering how to improve the effectiveness of the service.
Although evaluating eHealth is a relatively new and complex
field of research, the current results provide an important first
step in the development of an instrument to measure the
effectiveness of eHealth services supporting self-management.
In addition, the eASI can contribute to the dialog regarding to
the challenges of evaluating eHealth programs. Specifically,
the eASI contributes to “methodological pluralism” suggested
to evaluate eHealth by introducing new possibilities to
systematically determine and discuss which aspects of eHealth
could contribute to effective development, evaluation, and
implementation of eHealth for self-management.
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Abstract

Background: Many speak of the digital divide, but variation in the opportunity of patients to use the Internet for health (patient
eHealth readiness) is not a binary difference, rather a distribution influenced by personal capability, provision of services, support,
and cost. Digital divisions in health have been addressed by various initiatives, but there was no comprehensive validated measure
to know if they are effective that could be used in randomized controlled trials (RCTs) covering both non-Internet-users and the
range of Internet-users.

Objective: The aim of this study was to develop and validate a self-completed questionnaire and scoring system to assess patient
eHealth readiness by examining the spread of scores and eHealth inequalities. The intended use of this questionnaire and scores
is in RCTs of interventions aiming to improve patient eHealth readiness and reduce eHealth inequalities.

Methods: Based on four factors identified from the literature, a self-completed questionnaire, using a pragmatic combination
of factual and attitude questions, was drafted and piloted in three stages. This was followed by a final population-based,
cross-sectional household survey of 344 people used to refine the scoring system.

Results: The Patient eHealth Readiness Questionnaire (PERQ) includes questions used to calculate four subscores: patients’
perception of (1) provision, (2) their personal ability and confidence, (3) their interpersonal support, and (4) relative costs in using
the Internet for health. These were combined into an overall PERQ score (0-9) which could be used in intervention studies.
Reduction in standard deviation of the scores represents reduction in eHealth inequalities.

Conclusions: PERQ appears acceptable for participants in British studies. The scores produced appear valid and will enable
assessment of the effectiveness of interventions to improve patient eHealth readiness and reduce eHealth inequalities. Such
methods need continued evolution and redevelopment for other environments. Full documentation and data have been published
to allow others to develop the tool further.

(Med 2.0 2013;2(2):e9)   doi:10.2196/med20.2559

KEYWORDS

eHealth readiness; eHealth inequalities; digital divide; questionnaire development

Introduction

Definitions and Literature
The term eHealth is used in various ways, some (eg, World
Health Organization) [1] using it as an over-arching term
incorporating health informatics, telehealth, e-learning, and
mHealth, while others think of eHealth as a patient-centered

subset of health informatics [2-8]. This paper uses the term
“patient eHealth readiness” to refer to the opportunity of patients
to use the Internet and apps for health, and eHealth inequalities
to mean differences in patient eHealth readiness.

In developing the ideas for this study, literature was first
reviewed in November 2010 and updated in May 2013 from
Web of Knowledge, PubMed, and Google Scholar using the
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terms (1) [E-health OR ehealth OR telehealth* OR telemedicine
OR (ICT AND health) OR (technology AND health <in topic>)
AND (readiness OR preparedness OR (implementation AND
measure*) <in title>], (2) E-health literacy, (3) (Digital divide
OR digital inclusion OR digital exclusion OR e-health
inequalities) AND health, and (4) Inequality AND measure <in
title> AND health. Web of Knowledge was used to examine
citations of this literature for further relevant studies.

Benefits From Patient eHealth Interventions
There is evidence that direct use of the Internet by patients can
benefit patients [9]. For example, systematic reviews show
improvements in health-related knowledge, attitudes, intentions
and behaviors [10,11], and reduced health service use [12,13].
Studies showing the benefits of patient eHealth interventions,
however, are nearly always carried out on populations of Internet
users and the effectiveness of any intervention may depend on
the skills and opportunities of the population recruited [10].

Barriers to Patient eHealth Opportunity
There are four domains of barriers to eHealth opportunity that
were identified (1) provision of eHealth opportunity, (2) personal
abilities of the patient, (3) the support from others they may
have to use eHealth, and (4) economic barriers.

Provision of eHealth opportunity varies. For example, while
some British general practices [14] provided information, repeat
prescribing, appointment booking, online advice, and patient
access to their medical records, other practices had no website
[15]. Internationally, many US practices use preconsultation
computer-interviews [16], but these are rarely used in Britain.
In secondary care, most British renal patients have access to
their renal medical records online [17], but few stroke patients
have such facility. Even use of globally available websites may
show marked regional variation because of varied rates of
recommendation to patients. For example, use of an online
cognitive behavioral-therapy site for depression varied 30-fold
by postcode area [18].

Physical and psychological attributes of patients contribute to
digital divisions in health. Someone may have problems from
sight or hearing impairment, arthritis, or lack of mobility in
their hands. They may have no prior experience or find it
difficult to learn Internet use, have limited literacy or health
literacy, or lack confidence either in their Internet use or in
making decisions using health information. They may distrust
the Internet [19]. Someone’s current health may increase
motivation to use the Internet for health [20], but may restrict
Internet use; 81% of those with no recent health problems had
used the Internet compared to 65% with recent health problems
[21].

Some factors limiting personal use of eHealth may be
diminished if people have support from others. For example,
anonymous e-mail support may help people with long-term
conditions use the Internet [22,23] and volunteers may help
older people start using the Internet [24]. Without such support
people may struggle to go online or make the best use of
resources.

Finally, economic factors may affect digital divisions in health
[25]. Although homes may be capable of Internet connection,
families may not be able to afford it. Someone relying on
accessing the Internet at their local library may be restricted by
transport costs. Some groups, such as those with substance use
problems, may be particularly susceptible, and in times of
economic recession, barriers to eHealth use may increase. In
the United States, broadband use is clearly related to income
with 43% of families with incomes between $15,000 and
$25,000 compared to 86% of those with incomes between
$100,000 and $149,000 having home broadband [26]. However,
with appropriate provision even the poorest can get access; a
US study among homeless found that 47% reported computer
use in the past month [27]. Economic factors are relative to the
cost of alternative actions in health.

Others have examined barriers to eHealth use and the eHealth
readiness of organizations or health services [28-51] through
measures involving contact with staff or observation of process.
The aim of this study was to develop a patient-completed tool
giving patients’ perceptions of their opportunity that could be
combined with their personal abilities, their support networks,
and economic barriers.

Do Digital Divisions in Health Deserve Action?
Should governments or health services address digital divisions
in health? Some argue that it is just a matter of time before
everyone has Internet access and that digital divisions will
disappear. Others remind us that in the diffusion of technology
[52,53], there are always earlier and later adopters, so there will
always be inequalities. Others argue that as technology and
eHealth progress, differences in opportunities for patients to
use the Internet for health may increase, ultimately leading to
worse health inequalities [54]. Even without the ethical argument
for addressing inequality, eHealth inequalities make the adoption
of more cost-effective health delivery difficult. If health services
must provide eHealth and more traditional services, this diversity
of service provision may be expensive. The digital divide has
received attention with British government promoted
organizations such as Race Online 2012, national regular
reporting of digital use [55,56], and other specialized reports
[57]. The current British government is committed to the idea
that services should be “digital by default” [58], which may
impact on those without good Internet access or skills.

What Level of eHealth Inequality Is Important?
Like the seven-year difference in life expectancy by social class
in England [59], the size of eHealth inequality needs to be large
enough to be of concern. Some differences are binary; if houses
in rural areas are not connected to the Internet, then those
families cannot use eHealth. Other factors, such as eHealth
literacy, will follow a distribution and we need to ask whether
the standard deviation of that distribution is unacceptably large.
In some cases relatively small differences are worth addressing
if that can be done at low cost. A single numerical measure of
eHealth inequality would help to judge the effectiveness of
interventions.
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How Have eHealth Inequalities Been Addressed?
Initially, physical access to eHealth received a good deal of
attention. From the late 1980s, there were experiments with
public access kiosks [60] and initiatives to make the Internet
available in public libraries. In the United States, 95% of public
libraries provided Internet access by the year 2000 [61]. The
third sector, through organizations such as Age UK, have
provided both physical access and support using computers for
older people [62]. In the English National Health Service (NHS),
NHS Choices had a social and digital inclusion team from 2007
to 2012 [63], now lost in recent government cuts. There are no
quality targets requiring NHS Trusts to provide eHealth services.

Various studies have addressed eHealth inequalities or tried to
ameliorate their impact. For example, Kerr et al [64] explored
the effectiveness of a web-based intervention in decreasing
inequalities in access to self-management support in patients
with coronary heart disease. Jones et al piloted anonymous
personal online email support for patients with long-term
conditions [22]. In the United States, an experiment offering
older adults computer training in public libraries on finding
health information via the Internet was successful [65]. In
England, Fisher et al aim to improve uptake of patient access
to their records by supporting general practices [66].

Digital divisions caused by physical disability have been subject
to legislation. Web accessibility laws and regulations have
encouraged developers to make websites accessible to those
with visual, auditory, motor, neurological, or cognitive
impairments. In Britain, the Disability Discrimination Act 1995
[67], Special Educational Needs and Disability Act 2001 [68],
and the Equality Act 2010 [69] resulted in organizations
reviewing website functionality and causing some organizations
[eg, Royal National Institute for the Blind (RNIB)] [70] to have
units aiming to make digital information accessible to those
with physical disability. In the United States, section 508 of the
Rehabilitation Act of 1973 [71] required federal agencies to
ensure that federal employees with disabilities have equal access
to information unless an undue burden would be imposed on
the agency.

Why Do We Need to Measure eHealth Inequalities?
Projects and national initiatives such as those described above
need to measure eHealth inequalities to know (1) if action is
needed, (2) what is the main cause of inequality, and (3) if
inequalities are addressed, if the intervention was successful
and cost effective. But inequality cannot be directly measured;
it has to be measured as a difference in another variable, namely
eHealth readiness. To compare eHealth inequality over time,
we need a measure of “patient eHealth readiness” that is
comprehensive, valid, and reliable. A measure that is also
“diagnostic,” allows development of interventions tailored to
the needs of populations.

Tools to Assess eHealth Readiness
Others have considered the “readiness” of practitioners,
organizations, or communities to adopt telehealth or eHealth
[34,35,37,38,44-46,72]. Legare in 2010 [38] identified six
eHealth readiness tools [28,29,31,32,34,44], five of which
assessed organizational readiness. Legare developed one of

these [34] further, translating it into French [37] and validated
its use with staff. However, no suitable tool that assessed
patients’ opportunities to participate in eHealth was identified.

There are two groups of literature that exist at the “patient level”
(1) the “digital divide” and (2) eHealth literacy. The digital
divide-as the term implies-tends to be measured as a binary
division. For example, whether someone has or does not have
access to the Internet or has or has not used the Internet in the
last three months [73]. The digital divide has usually been
assessed and reported by factual measures of Internet use or
availability rather than attitudes or psychometric assessment.
Work on measures of eHealth literacy [in particular the eHealth
Literacy Scale (eHEALS)] [74] recognized that physical access
to the Internet was only part of the story and that personal
abilities to use the Internet were important. However, by
adopting a more sophisticated examination of eHealth literacy,
the basic ideas of digital divide and limitations of access to the
Internet were lost.

Simple measures of whether or not someone has Internet access
are insufficient as even among Internet users some may be more
ready to make progress in using eHealth if they have access to
support and are not struggling with the cost of access. In
particular, interventions at patient and community levels need
tools that can measure their impacts.

Objectives
The aim of this project was to get the benefits of a scaled (rather
than binary) approach (like eHEALS), but to include eHealth
provision, support, and economics in the scale. In particular,
the study aim was to develop and validate a self-completed
questionnaire and scoring system for use in intervention studies
hoping to improve eHealth readiness and reduce eHealth
inequalities.

Methods

PERQ Stages
The Patient eHealth Readiness Questionnaire (PERQ) and
related scores have been developed in two stages. First, four
domains (1) provision (from the digital divide literature), (2)
personal (from the eHealth literacy literature), (3) support, and
(4) economic were used to draft a self-completed questionnaire
and take it through three stages of piloting (January-March
2012). Second, a cross-sectional population survey was carried
out (April-August 2012) and proposed scoring systems checked
and iteratively refined to ensure construct validity.

Physical
Although there are good national statistics on home Internet
access [55,75,76] that allow a check on face validity, similar
questions need to be included in patient-completed
questionnaires to allow comparison before and after
interventions. Provision of eHealth services is more difficult to
assess as this will depend on the health conditions of interest
to respondents and will be country-specific. Nearly all British
respondents have a family doctor so asking about General
Practice (GP) website provision is applicable to all. Some
surveys have only asked about Internet “information” and
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respondents may not consider using the Internet to contact
people. PERQ, therefore, included questions about personal
contact.

Personal
The most frequently used [77-80] measure of personal skills is
eHEALS [74], using eight items to assess eHealth literacy. A
Dutch translation of eHEALS was found reliable, but its validity
questioned [81]. Van Deursen and Van Dijk [82] criticized
eHEALS because respondents were not always accurate at
estimating their real levels of skill [83]. Others have noted that
self-efficacy may not accurately reflect ability. For example,
nursing students’ self-efficacy in numeracy decreased if they
had previously been asked to carry out an actual drug calculation
[84], and patients with long-term conditions may be confident
in what they do on the Internet, but lack a sense of adventure
to try new things [22]. Van Deursen suggested that incorporation
of basic Internet skills is needed to measure all aspects of
eHealth literacy [85]. However, having to “test” whole
populations to produce a measure of eHealth literacy is not
feasible.

Prior to the Dutch studies [81,82,85], Hargittai [86] examined
survey measures of Web-oriented digital literacy to serve as
proxies for observed skill measures. They studied both
observations and survey questions, and recommended measures
as survey proxies of observed web-use skills. Their results
suggested some composite variables of survey knowledge items
were better predictors of people's actual digital literacy based
on performance tests than the usual method of asking users'
self-perceived abilities. Hargittai’s approach seemed a
reasonable compromise towards the gold standard of Van
Deursen. The first version of PERQ included the eight eHEALS
questions and a single self-efficacy question, [22] based on [87],
both “grounded” by using questions based on self-assessment
(Hargittai’s approach) of the skills identified by Van Deursen
and Van Dijk.

Interpersonal and Economic Measures
Although interpersonal support to help people start using the
Internet was a major component of the Race Online 2012
campaign [88], no “measure” of support in using the Internet
was identified. Simple questions about who is available to
support participants and if there are barriers (eg, of disclosure,
or “being a bother”) can be used. Similarly, although economic
differences in being able to use eHealth are clearly important,
there did not appear to be any standard measures. To ground
questions about the perception of cost of Internet access, PERQ
included comparative questions about cost of access to health
services and the perceived cost of Internet provision.

Moderators
Whether or not someone uses the Internet for their health
depends on whether they are motivated to do so [89]. So if
patient eHealth readiness is to be an indicator of digital
divisions, it needs to be “standardized” for motivation, similar
to the distinction between digital choice and digital exclusion
[90].

PERQ Development and Initial Piloting
Three pilots (PERQ1-3) including repeatability were followed
by a baseline survey. (PERQ4):

1. The first had 15 people (work colleagues and friends).
Questions from eHEALS [74] were initially included
following the four skills questions [85] and followed by a
single self-efficacy question [22]. eHEALS score and the
single self-efficacy rating showed quite good agreement
(rho=0.61, P=.02), the single question showed good face
validity (see Multimedia Appendix 1), and eHEALS was
not well understood by one older person. Given the need
to shorten the questionnaire, the eHEALS questions were
subsequently omitted and the single self-efficacy question,
following the four skills questions, retained.

2. The second had 20 friends and family of a research
assistant; 17 of these were subsequently asked to complete
PERQ4 to assess repeatability (reported below).

3. The third had a convenience sample of 103 houses likely
to have a high proportion of more elderly residents. This
was used to test the survey method, response rate,
completeness of data, and that non-Internet users would
respond. The response rate was 44% and data were
reasonably complete. It was found that 5 out of 43 (12%)
respondents had not used the Internet.

After each stage, revised questionnaires were circulated among
colleagues to check readability (see Multimedia Appendix 1).
The questionnaire was reviewed and approved by the university
ethics committee between pilots two and three.

Baseline Population Survey
As one intended use of PERQ was in a geographically based
cluster randomized controlled trial (RCT), it was appropriate
to test that mode of use. The aim was to use a sample
representative of urban, suburban, and semirural postcodes and
different levels of affluence to pilot the questionnaire, its
distribution, and methods for construction of eHealth readiness
and inequality scores. The 2001 census included 14,279
postcodes for the PL postcode area, with a total population of
510,223. There were seven postcodes (total population 3243)
with very high populations (being either military camps or
university halls of residence) that were excluded. The remaining
postcodes were “ordered” by population and a 1% systematic
sample (142 postcodes) was taken. Each postcode was “looked
up” on the free Zoopla website service giving estimated property
values to find current average property values and number of
properties in each postcode. To achieve a “practical” sample of
just fewer than 1000 properties, all postcodes further than 12
miles from Plymouth University were excluded, leaving 79
postcodes. These 79 postcodes were again ordered by Zoopla
average property values, and a further systematic sample of
53/79 postcodes was taken with a total of 975 properties.

The final sample therefore comprised 53 postcodes within 12
miles of Plymouth University, with a total of 975 properties,
population of 2126, and an average of 2.18 people per house.
Average property prices (January 2012) per postcode ranged
from British £78,163 to £459,360. The sample was
representative of the range of property prices. Number of
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properties per postcode (a crude measure of rurality) varied
from 1 to 53.

We attempted to deliver questionnaires by hand to all 975
properties in April 2012. There were thirty houses no longer in
use, leaving 945 occupied houses as our sample. The research
assistant called at each house and if someone answered, she
explained the purpose of the survey and if possible handed the
resident a questionnaire and covering letter (24 refused to take
the questionnaire). If there was no response at the house, the
questionnaire and covering letter were posted through the
letterbox. In June 2012, reminders were posted through the
letterbox of 658 who had not responded. The instructions on
the questionnaire, and explained by the research assistant, were
for the person with the next birthday in the house to complete
the questionnaire.

Analysis and Refinement of Scoring Systems
Survey data were used to assess the ability of PERQ to collect
good quality data, and used to develop and iterate a scoring
system suitable for use in intervention studies, particularly
RCTs. This required that only questions that contributed to the
score were included, collected data were complete, consistent,
and valid, scales must not have floor or ceiling effects, and must
reflect meaningful changes.

Scales that combine a number of “Likert style” attitude questions
normally assess reliability using Cronbach alpha. In this study,
the construction of the eHealth readiness scale relied on
pragmatic combinations of factual questions with some ratings,
so assessing scale properties such as repeatability, face, and
construct validity, was also pragmatic. Questions were cross
checked for consistency and reviewed for their contribution to
eHealth readiness scores, face validation against other
information sources, or description of sample demographics.
Comparisons of scores between subgroups were made using
Mann Whitney U tests for groups less than 100 and t tests for
groups of 100 or more.

The contribution of each question was checked. Not all questions
made direct contributions to scores, some were asked to ground
respondents to give them the “right frame of mind” for
subsequent questions. Other questions were used as consistency
checks.

Scores for each constructed variable were essentially arbitrary,
but to have some way of measuring change before and after
interventions, an overall score is needed that is at least ordinal,
and if possible approximates to a cardinal scale. Similarly,
overall scores need to combine component variables in a sensible
manner. A pragmatic and iterative approach was taken to
examine construct validity of scores by examining the scores
of sampled individual respondents with a range of scores. If the
order and difference in scores between individuals did not match
with an understanding of the barriers to adopting eHealth, the
weights of scores were adjusted.

Scoring was also adjusted after examining the repeatability of
scores and to cope with occasional missing values. This process
of tuning scoring weights continued until all components seemed
internally consistent. Various methods of combining the four
subscales to produce an overall readiness scale were tried,

checking for construct validity by examining differences
between Internet users and non-Internet users.

Questionnaire Review
Once the scoring system was finalized, questionnaires and
dataset were again reviewed to check that all questions and
answers were useful either as contributors to the score, as
“grounding” for other questions, or as consistency checks (see
Multimedia Appendix 1).

Modeling of Performance in Measuring Change
Finally, data from the survey were used to model possible
changes to participants “states” and to check the ability of the
scoring system to measure those changes. Comparisons of scores
between subgroups were made using Wilcoxon Signed Rank
tests for groups less than 100 and t tests for groups of 100 or
more.

This provided a further check that the subscores and weights
seemed sensible, and to allow an assessment of methods of
analysis and estimation of sample size for possible RCTs.

Results

Dataset
The anonymized dataset from the cross-sectional survey is
available from the author.

Response Rate and Possible Biases
Figure 1 shows by August 2012, 344 (36.4%) of the 945
occupied houses in the sample had returned completed
questionnaires. Those 323/945 (34.2%) houses where the
research assistant was able to speak to someone were more
likely to have returned questionnaires (56% versus 27%)

(χ2
4=90.4; P<.001). The 344 houses providing respondents had

higher estimated values than those with no respondent (£176,998
versus £142,019; t925=-6.2; P<.001).

Data Completeness, Consistency, and Contribution
Despite care in design and three stages of piloting, PERQ still
had missing and some inconsistent data (see Multimedia
Appendix 1), for example 29/344 (8.4%) people did not
complete their age and 6/344 (1.7%) their gender. All questions
contributed (see Multimedia Appendix 1).

Sample
Figure 1 shows the sample was disproportionately female
(231/344 ,67.2% women; 107/344, 31.1% men; 6/344, 1.7%
gender unknown), and older (mean age 55) than the Plymouth
population.

Constructed Variables
Figure 2 shows the eight sections of the questionnaire (A-H).
Non-Internet users answered A, B, C, G, and H and Internet
users A, B, and D-H. There were six sets of variables created
by scoring or combining responses to questions (1) Need, (2)
Internet-Use including range of uses and the four subscales of
“eHealth readiness,” (3) Provision including physical provision
of Internet and provision of health on Internet, (4) Personal (ie,
the individual’s capability to use the Internet for health), (5)
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Interpersonal Support, and (6) Economic. A “short score” (of half the score) was used in some comparisons and figures.

Figure 1. Sample response and characteristics.

Figure 2. Personal eHealth readiness questionnaire and scale.
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Need
Scores (0-10) representing “need for health information and
support” were constructed from one multi-part factual question
(A3), by adding 2 points for each professional contact and
health-information seeking behavior in the last three months.
Scores had face validity, for example, women had higher Need
scores than men. Need was used as a modifier of Provision
scores.

Internet Use
Personal use of the Internet in the last three months was similar
to national figures (271/342, 79.2% versus 77% from Office
for National Statistics, ONS) [91]. As expected, younger people
and those from more affluent areas were more likely to use the
Internet. Nearly half used it for health (mainly to search for
information), but few used discussion forums or social media
for health purposes. Most Internet users (262/271, 96.7%) used
the Internet at home, at work (94/271, 34.7%), or on mobile
(93/271, 34.3%). This section (B) was used for subsequent
questionnaire section choice, face validity check, and as a
consistency check with other parts of the questionnaire.

Provision
For Internet users, provision scores comprised two parts (section
D) (1) General Internet Provision (4 points) ascertained by
questions about what opportunities there are to access the
Internet, and (2) Health Internet Provision (5 points) ascertained
by questions on GP website (3.5 points), and Internet condition
specific information and support (1.5 points). Provision of online
information and support may vary by condition (eg, there are
many resources for breast cancer, but fewer for stroke).
However, not everyone has a need for health information or
support and so may never have had reason to look for their GP
website or for health information. So the Need score was used
to moderate Provision; more was added to Health Internet
Provision if Need was equal to zero (see Multimedia Appendix
1).

Figure 3 shows the mean Provision score for Internet users was
4.5. There were 18 Internet users who had relatively low General

Internet Provision (<1.5/3.5 max) including those who used the
Internet only in places other than the home. Individual records
were checked for participants with extreme scores and appeared
to have face and construct validity (see Multimedia Appendix
1).

Component questions showed that nearly half (30/71) of
non-Internet users had an Internet connected computer at home.
Of 271 Internet users, 249 people had used it at home, but 3
said they had no home Internet connection, of these, 2 had used
a mobile device and so it is possible that questions about “home
Internet use” need to be clarified. There were 3 other people
who had accessed the Internet at home, but did not apparently
know if they had an Internet connection, may have not known
about the “speed” of their home Internet, so some clarification
may be needed for that question. A substantial minority
(33/243,13.6%) thought their home Internet connection was not
fast enough, a third of these said it was because they would
need to pay more, a third because their provider did not offer a
faster connection, and a third did not know.

Of 271 Internet users 89/271 (32.8%) had looked at their GP’s
website, 51/271 (18.8%) thought their GP had a website, but
had not seen it, 7/271 (2.6%) thought their GP did not have a
website, and nearly half (122/271, 45.0%) did not know. Of the
89 who had looked at their GP’s website, 64 knew they could
order repeat prescriptions online, 6 said their GP did not offer
this service, and 14 did not know. Only 1 person knew they
could see their medical record online, 20 knew they could not,
but 66 did not know. Half (143/271, 52.8%) of Internet users
had tried to find information on health topics with all but 9
having found what they wanted, but only 27/271 (10.0%) people
had tried to contact an organization or forum or other people
online connected with health.

The internal consistency of Provision scores was addressed by
comparison of answers to sections B (where people had used
the Internet) and D (home Internet provision and use for health).
Figure 3 shows that no one had a short score of 5, so there was
room for improvement and no ceiling effect.
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Figure 3. Four sub-scales of Provision, Personal, Support, and Economic presented as "short scales" of 0-5, showing Internet-users and non-Internet-users,
including mean and standard deviation (SD) for full (0-9) scales.

Personal
Personal scores comprised moderated confidence scores for
Internet users (section E) and the willingness to try using the
Internet for non-Internet users. Internet users rated their skills
on four tasks from which skills scores (0-12) were constructed.
Users then rated their overall Internet confidence (0-10). This
sequence of questions aimed to ground their confidence rating
in the reality of their ability and to provide a consistency check
on their confidence rating. Skills scores correlated with
confidence self-ratings (Spearman’s Correlation=0.60, P<.001)
with some outliers; four people rated their skills low, but
confidence high and 13 people rated their skills high, but
confidence low (see Multimedia Appendix 1). However, to
produce more consistent Personal scores, “moderated”
confidence scores of skills*original confidence score/12 were
calculated.

Component questions showed that just under half of non-Internet
users said they would try using the Internet if they had help,
would have a home Internet connection if they had help and it
was cheap, and would use the Internet for health at some other
place (most frequent choice public library). Questionnaires
asked about disabilities. Six non-Internet users and six Internet
users said they had disabilities (including arthritis, eye problems,
hearing impairment, learning difficulty, and dyslexia) that made
using computers difficult, but this information was not used in
Personal score calculations on the assumption that respondents
would themselves make that adjustment.

The face validity of Personal scores was assessed by exploring
associations with frequency, range, and ubiquity of Internet use.
As expected there were strong associations between frequency

of use and moderated confidence (χ2
12=81, P<.001).

Nevertheless there were outliers, one person who was very
confident despite using the Internet less than once a week and
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four people who used the Internet many times daily, but had
low confidence. The latter is more believable as they may use
it for limited purposes. Similarly, as would be expected, there
were strong associations between range of use and moderated

confidence (χ2
12=61.5, P<.001), but similarly there were some

“outliers.” Personal scores had a strong association with
“ubiquity,” [ie, the places where people accessed the Internet

(χ2
16=81, P<.001)]. Some might argue that range of health uses

should be the outcome measure of any intervention, but this
will be dependent on someone’s need for health information.
So overall PERQ scores include moderated confidence as
Personal score, being a “cleaner concept,” but will additionally
report range of health uses.

Figure 3 shows there were some ceiling effects on Personal
score. Figure 3 also shows that despite grounding the estimates
of confidence by asking about skills, there was still a large
minority (51/200, 25.5%) of the sample with maximum scores,
being able to do all four Internet tasks and being totally
confident in their use of the Internet. This means that these
people would not be able to increase their Personal score during
the course of a study. This suggests that some “harder” tasks
should be included in the skills question, and to focus the
questionnaire better on eHealth, this should perhaps include
some health-focused questions.

Support
Support scores were largely based on factual questions. There
were 22 out of 271 Internet users that did not complete the
section on support, half of these (10/22) said (H1) that they had
no barriers to Internet use and were confident in using the
Internet for health (E3).

Component questions showed that among Internet users, only
58/271 (21.4%) had been given information by health
professionals to help them use the Internet. Just under half
(117/271, 43.2%) knew where they could find help locally in
using the Internet; many of these (78) cited their local library.
A quarter (68/243, 28.0%) said there had been times when help
would have been useful, and of these, 50 had someone they
could ask, of which 47/50 could ask about health. Nearly
three-quarters (49/71, 73%) of non-Internet users had someone
use the Internet for them. There were 40/71 (65%) that had
someone that could help if they wanted to try using the Internet.

That Support scores were less differentiated between Internet
users and non-Internet users “made sense” in the way that
questions were asked and answered. Exploration of how Support
and Personal scores were associated led to a pragmatic
combination, using the Personal score to moderate the Support
score in the overall Readiness score (see below). There were
no ceiling effects on Support.

Economic
The Economic subscale was constructed slightly differently to
the other three subscales, relying on comparison of perceptions
of the cost of using the Internet compared to other health
activities such as visiting their GP or local hospital. Internet
users and non-Internet users answered the same questions.

Considering the component questions, there were significant
differences on the two Internet questions and on the cost of
visiting the hospital between Internet users and non-Internet
users. For the two Internet questions, this was dominated by the
“don’t knows” among non-Internet users; 45% (29/64) of
non-Internet users did not know about the cost of home access
and 57% (35/61) about the cost of mobile access compared to
4.8% (13/269) and 32.8% (87/265) of Internet users. There was
no difference between Internet users and non-Internet users in
perceptions of cost in getting to the local library or GP. Most
(195/325, 60.0%) did not think it cost much to get to a public
library, but a large minority (95/325, 29.2%) did not know. The
vast majority (317/337, 94.1%) agreed that visiting their GP
cost nothing or very little. Non-Internet users were more likely
to think that visiting their nearest hospital cost nothing or little

(55/67, 82% versus 185/268, 69.0%; χ2
4=15.7; P=.003); this

may be because more had free bus passes and may be an
important reason why the Internet appears relatively more
expensive to older non-Internet users.

Figure 3 shows that overall, non-Internet users were likely to
have lower Economic scores indicating more barriers to using

the Internet (χ2
8=39; P<.001). There were no ceiling effects so

improvements could be measured.

Overall View on Using the Internet for Health
Question H1 sought to identify the most important issue in using
or not using the Internet for health. The original intention was
to use this question to weight subscale scores in their
combination to produce an overall readiness score. This idea
was abandoned when it was realized that there was a close
relationship between the Support and Personal subscales and
an alternative combination method was developed. However,
H1 remained a useful consistency check on the subscale scores.
Table 1 shows that most Internet users (185/271, 70%) thought
they had no real barriers to using the Internet for health. Among
non-Internet users, 61% (40/66) said they had no interest in
using the Internet.

Further breakdown of the groups in Table 1 show the range of
different situations and attitudes. Of the 52 with “no interest in
using the Internet,” 12 had used it in the last three months, 11
had home Internet access and had not used it personally, but
most had someone else use it for them. Relatively few chose
connectivity, economic reasons, or need for support as the main
barrier to Internet use for health.

To test the construct validity of subscales, constructed variables
were compared to answers to question H1 (Table 1). All but
two answers, “would use Internet more if could get a better
connection” and “would use Internet more if could get someone
to help” showed significant differences on the expected variable.
Short scores were compared between Internet users and
non-Internet users and examples of where non-Internet users
had higher scores or the same scores as Internet users were
selected and reviewed. These showed construct validity.
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Combining the Four Subscales into an Overall eHealth
Readiness Score
The initial intention was to create an overall eHealth readiness
score by taking the mean of the four subscales, that is (Provision
+ Personal + Support + Economic)/4. However, exploration of
the data led to recognition that Support was much more
important for non-Internet users. Those who were already
competent Internet users for health needed little support and
scored low on Support. This reduced their overall eHealth
readiness score and was misleading. Support was therefore
added to eHealth readiness in inverse proportion to that person’s
Personal score, (ie, people with a higher Personal score had less
weight given to their Support score). Through a process of
iteration considering whether the impact on overall eHealth

readiness made sense, the term 3*Support/(Personal+Support)
was added as a “Modified Support” term. This Modified Support
score can range from 0 to 3 and the sum of Personal and
Modified Support can range from 0 to 10.5. The Economic score
also seemed less important in being “eHealth ready” than
Personal and Provision scores, so the short score (range 0-5)
was used as the contribution to eHealth readiness. So,

eHealth readiness= Provision (0-9) + (Personal + Modified
Support) (0-10.5) + Short economic (0-5)

It was then multiplied by 9/24.5 to scale to the range 0-9. Figure
3 shows in this sample scores ranged from 0-7 with mean 4.1
(SD 1.79). Non-Internet users had, as expected, lower scores
than Internet users.

Table 1. Numbers choosing statements (in section H) that best summarized their view of using the Internet for health and Mann Whitney U or t
independent sample tests to assess correspondence between those statements and appropriate constructed scores. (15 missing values).

Mean score for those who
chose this item versus rest (t
test)

“Nearest” variableTotalInternet userNon-Internet userOverall View

No home
access

Home ac-
cess

1.8 versus 3.3

U=3336, P<.001

NEED383431(H11) No need for health information.

1.1 versus 6.2

U=774, P<.001

PERSONAL52122911(H12) No interest in using the Internet.

2.8 versus 3.8

nsd

PROVISION5320(H13) Would use the Internet more for health
if could get a good Internet connection.

2.7 versus 5.7

U=1710, P<.001

PERSONAL301749(H14) Don’t understand the Internet that much.

2.1 versus 2.1

nsd

SUPPORT101000(H15) Would use the Internet more for health
if could get someone to help.

0.8 versus 2.5

U=353, P=.024

ECONOMIC5221(H16) Would use the Internet more for health
if money were no object.

7.2 versus 3.2

t=16.8, P<.001

PERSONAL18918504(H17) Uses or would use the Internet for health
and have no real barriers to that use.

3.0 versus 1.9

t=6.3, P<.001

ECONOMIC

4.0 versus 1.9

t=13.7, P<.001

PROVISION

3.1 versus 2.3

t=4.6, P<.001

SUPPORT

4.4 versus 2.3

t=16.1, P<.001

READINESS

3292634026Total

aU=Mann Whitney U
bnsd=no statistically significant difference P>.05

Repeatability and Change of Scores Over Time
Seventeen of the 20 people who completed the second-stage
pilot (January 2012) completed PERQ4 in September 2012. Of
these, four non-Internet users were excluded as the questions
in section C had changed too much between the earlier and later

version of PERQ to be comparable. For 13 Internet users their
January data was converted to the September version of the
questionnaire to allow a comparison and some assessment of
“repeatability” and change over time. Each pair of questionnaires
was examined for changes to answers and the impact on the
scoring system to see if it made sense and if the scoring system
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was appropriate. This check resulted in some changes to the
scoring system. With the final scoring system there was
reasonable consistency in scores between January and September
2012 (see Multimedia Appendix 1) with changes in scores
making sense with known changes in personal circumstances
for those respondents.

Is PERQ Suitable to Assess Interventions?
Figure 4 shows that PERQ did not have floor or ceiling effects.
PERQ produces two scores, eHealth readiness and eHealth
inequalities (SD of readiness). The aim of interventions would
be to improve overall eHealth readiness (ie, increase the mean
score) while keeping variation (SD) the same or reduced. With
this sample, the mean eHealth readiness score was 4.24 with
standard deviation 1.73, (4.9 for Internet users versus 1.6 for
non-Internet users; t4.24,1.73=-25.8; P<.001). Statistically
significant changes in mean scores must represent practically
(clinically) significant changes. To assess whether this scoring
system can measure an attainable and useful improvement in
eHealth readiness and what this would mean in terms of
individual changes, changes were modelled using the dataset.

Table 2 shows four feasible changes resulting from interventions
or further development in Internet use, modelled using the

dataset. The first shows that if 20 non-Internet users get online
and access health information there is a substantial increase in
score for subgroup and whole sample as well as a reduction in
inequality (SD of readiness). While the decrease in SD is not
statistically significant (confidence intervals are 1.73-6.38 and
1.50-5.53) [92] the decrease is at least “heading in the right
direction.” The second shows the impact of existing Internet
users gaining more routes to access via mobile and learning
about patient access to their GP record. Mean readiness is
increased, but again, although not statistically significant, it is
tending to increase inequality. The third scenario might result
from better Internet provision, such as the implementation of
faster broadband as is happening in Cornwall. If the level of
statistical significance is set at P=.05, then the increase in
readiness is significant, but policy makers may consider the
actual change of just 20 people getting faster access relatively
unimportant. With this sample size it appears relatively easy to
achieve a statistically significant change in mean PERQ. The
fourth scenario shows the possible impact of GPs in the area
starting to engage more in recommending websites to their
patients, as has been the case with “information prescription”
projects [93-99]. PERQ therefore appears to be sufficiently
sensitive to change.

Table 2. Modelled results of interventions, showing impact on subgroup and whole sample on eHealth readiness score and eHealth inequality and
Wilcoxon signed ranks test (z statistic) or paired t test with original data.

Impact on whole sampleImpact on sub group mean
readiness score

Assumed changes

Inequality (standard
deviation of readi-
ness)

Mean readiness score

Decrease

1.73 to 1.61

Increase 4.24 to 4.44

t=4.48; P<.001

n=333

Increase 1.8 to 5.0

z=4.0; P<.001

n=20

20 non-Internet users are supported in getting online. They
have not looked at the GP website, but have found other
health information online.

Increase

1.73 to 1.79

Increase 4.24 to 4.32

t=4.34; P<.001

n=333

Increase 4.9 to 6.2 z=4.1;
P<.001

n=20

20 Internet users who previously used computer at home
and at work got mobile access and became aware of GP
services including patient access to records.

No change

1.73

Increase 4.24 to 4.27

t=2.86; P=.005

n=333

Increase 4.2 to 4.6

z=2.8; P=.005

n=20

20 Internet users who said their Internet connection was
too slow who got a faster connection and many of who
used it to contact someone about health.

No change

1.73

Increase 4.24 to 4.29

t=4.09; P<.001

n=333

Increase 4.5 to 4.7

z=4.0; P<.001

n=80

80 Internet users who previously had not had advice on
using Internet from HCP, recommended websites by GP.
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Figure 4. Distribution of eHealth readiness scores on possible scale 0-9 showing Internet-users and non-Internet-users.

Discussion

Questionnaire and Scoring
A questionnaire (PERQ) and scoring system has been developed
comprising four components of patient eHealth readiness (1)
provision of Internet and Internet for health, (2) personal
capacity to use it, (3) support in using it, and (4) economic
barriers to use. The scoring system appears consistent, to have
face and construct validity, and to produce a score that can be
used to assess interventions that improve eHealth readiness. By
examining the standard deviation of scores, eHealth inequalities
can be reviewed to ensure that interventions have not worsened
inequalities. The questionnaire is being used in two studies
locally [24,100].

Although national cross-sectional data from the ONS and Oxford
Internet Survey (OIS) show the uptake of the Internet, and
sometimes include questions on health, there is a need for a tool
to measure the impact of interventions in the context of RCTs.
Although there are widely used measures of eHealth literacy,
these were not sufficiently comprehensive in their scope; in
particular they only “worked” for Internet users. Initially the
eHEALS questionnaire on eHealth literacy was included within
the PERQ questionnaire, but was then dropped as the single
self-efficacy question seemed adequate and took less space.
There was a need for a measure that covered the full range of

individuals from non-Internet users through to frequent Internet
users.

Limitations in Scoring System
This pragmatic scoring system has many limitations, but is
published with full details and data so that others can refine or
continue to develop it. One problem with any measure of
eHealth readiness is continually changing technology such as
the current shift to smart phones [101]. If measures are to be
used for any length of time they need to cope with changing
technology. One solution may be to have a framework of generic
questions that remain the same over time, but “situate” these
by inserting questions related to the “state of the technology.”
These questions will change over time as technology changes.
The first stage of using a measure of eHealth inequality for a
study would be to gain consensus on the current “State of
Technology.” This has not been achieved in the development
of this questionnaire and scoring system, but remains a future
goal.

Second, the scale and scoring rely on self-report. Although one
dimension of the proposed scale is provision of eHealth services,
and although this could be measured fairly objectively [15,18],
to have a method consistent with the other dimensions, this is
best measured by asking patients (ie, the pragmatic solution of
“perception of provision.)” Self-reported measures, such as
self-efficacy, as discussed earlier, may not be good predictors
of actual ability. PERQ tries to compensate by using
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“grounding” questions and by pragmatic “constructs” such as
“modified confidence.”

Third, having four dimensions makes having one summative
number for eHealth readiness difficult. As described, the original
plan to make the four components additive either in equal
proportion or, using the ideas of Paterson et al [102-105] in
measures of quality of life, by asking respondents to nominate
what is most important. However, when the close connection
between the Personal and Support terms was noted, this
determined how the four terms should be combined. The final
scoring system appears to have face and construct validity, but
is nevertheless arbitrary. Others may wish to explore
alternatives.

Fourth, the eHealth readiness scale is at best ordinal and not
cardinal. This compares to, for example, a difference in mortality
that can be expressed as a difference in years of life. While some
may argue that 10 years of life at age 20 is “worth more” than
10 years of life at age 70, “years of life” is essentially a cardinal
scale. Self-reported questions used to construct an ordinal scale
will always have limitations and should be used cautiously.

Fifth, the weights used for individual items were arbitrary. For
example, Internet Health Provision included questions about
whether patients could access their medical records (weighted
1.5) and could order repeat prescriptions online (weighted 1.0).
These weights reflect the judgements of the author in the
“difficulty” or “sophistication” of provision. Clearly other
weights could be used and the dataset and analysis syntax are
provided for others to explore, but this pragmatic approach
seems to provide a way of scoring and measuring change.

Sixth, people whose opportunities to use the Internet are less
because of limited English will not be identified by this
approach, using an English language questionnaire.

Lastly, it is not possible to directly measure eHealth inequalities,
but instead to examine the spread of eHealth readiness scores.
Those implementing eHealth interventions are interested in
improvements in mean score (eHealth readiness) over time, but
should also consider the standard deviation of scores (eHealth
inequality). In other fields, for example, income inequality,
measures such as the Gini coefficient directly measure
inequality. Health inequalities are typically measured by
differences in mortality, expressed in absolute numbers of life
expectancy at birth or some other age between two groups. In
this case, we hope that an intervention will improve eHealth
readiness, but also reduce the standard deviation. It was
important therefore in the construction of this score that a
reduction in standard deviation was not artificially induced by
a “ceiling effect” on the score. Given the natural progression
of the Internet we are unlikely to see eHealth readiness reduce,
so “floor effects” are less important. The modelling of possible
interventions suggests that the eHealth readiness score is quite
sensitive to relatively modest changes in Internet use for health.
In determining sample size and setting significance levels,
therefore, it is suggested that P<.001 is appropriate. On the other
hand, achieving a statistically significant reduction in eHealth
inequality may be difficult, but researchers’ and policy makers’
may be able to decide that interventions are at least not making
inequality worse.

Social Determinants
Clarity is needed about the role of social determinants of eHealth
inequalities. Should associations between eHealth use and
demographic and social variables be explored, or should the
focus be on the immediate “cause” of eHealth inequality?
Demographics are clearly important in use of the Internet [76].
Answers to questions on the personal and interpersonal
components of a measure may be predicted by social
determinants and act as a test of face validity, but should not
be part of any eHealth readiness scoring system.

Representativeness of the Sample
That the nonresponders in the baseline survey were more likely
to live in lower value houses will have biased this sample
towards Internet users [76]. On the other hand, using households
as the sampling unit biased the sample towards older people
and females (as there are more single, older, female households),
so biasing the sample towards non-Internet users. Lower
response rates from younger people, particularly from student
households, will also bias the sample towards older people and
non-Internet users. Overall, the baseline survey overrepresented
older people. As the purpose of the sampling was to have a “test
bed” for the questionnaire and to develop the scoring system,
this may have been an advantage rather than disadvantage. The
selection of households and respondents for this survey was
pragmatic using easily available open data sources, but was
similar in principle to the methods used in the OIS. The OIS
used 175 randomly selected “Output Areas” in England, within
which 10 addresses were selected at random from the Postal
Address File. Interviews aimed to interview the person with the
next birthday.

The baseline survey response rate was fairly poor (36%)
compared to the 59% achieved by ONS [55] and to the OIS
(49% successful interviews for 4160 houses visited) [76]. But,
with bigger budgets, the data for both were collected by
interview (rather than returned self-completed questionnaire)
and allowed multiple visits to find a respondent at home. In this
survey, the response rate for houses where the research assistant
was able to speak to the resident before leaving a questionnaire
for self-completion and return was 56%. Greater variation in
time of calling/delivery and a budget allowing more persistence
should achieve a better response rate.

“Diagnostic” Uses of PERQ
More detailed analysis of PERQ results could indicate the most
appropriate interventions for individuals or subgroups. For
example, groups that would most benefit from faster access, or
support, or for whom economics was the main barrier could
have interventions chosen appropriately. It is possible that a
“stages of change” approach to classifying individuals might
be useful, although the different dimensions (personal, provision,
economic, support) need to be taken into account.

Further Work
The support section of the questionnaire was the least successful.
This had proved difficult throughout piloting. In particular, we
had sought ways of getting those people who had never needed
or sought help to answer the questions by wording the questions
about “people in general,” and by stressing that we wanted
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everyone to answer this section. Nevertheless, 21/271 (7.8%)
Internet users failed to answer this section. The second part of
the “support section” (F) of PERQ probably did not collect
particularly useful information, and given the desire to shorten
the questionnaire, could possibly be dropped in further
developments.

Conclusions
There was previously no measure of personal eHealth readiness
or eHealth inequalities. The concept of a patient eHealth
readiness based on provision, personal ability, support, and
economic considerations with eHealth inequality as the standard

deviation seems to “work” and be acceptable in a British context.
The scores produced appear valid and sufficiently sensitive to
enable assessment of the effectiveness of interventions to
improve eHealth readiness and reduce eHealth inequalities.
With suggested modifications PERQ is now being used in two
other local studies. It could also be used to help identify
interventions addressing eHealth readiness. Such methods need
continued evolution; full documentation and data have been
published to allow others to develop the tool further. In
particular with changes to the “provision section,” PERQ might
be adapted for use in nonBritish settings.
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Abstract

Background: The demand for care is increasing, whereas in the near future the number of people working in professional care
will not match with the demand for care. eHealth technology can help to meet the growing demand for care. Despite the apparent
positive effects of eHealth technology, there are still barriers to technology adoption related to the absence of a composite set of
knowledge and skills among health care professionals regarding the use of eHealth technology.

Objective: The objective of this paper is to discuss the competencies required by health care professionals working in home
care, with eHealth technologies such as remote telecare and ambient assisted living (AAL), mobile health, and fall detection
systems.

Methods: A two-day collaborative workshop was undertaken with academics across multiple disciplines with experience in
working on funded research regarding the application and development of technologies to support older people.

Results: The findings revealed that health care professionals working in home care require a subset of composite skills as well
as technology-specific competencies to develop the necessary aptitude in eHealth care. This paper argues that eHealth care
technology skills must be instilled in health care professionals to ensure that technologies become integral components of future
care delivery, especially to support older adults to age in place. Educating health care professionals with the necessary skill
training in eHealth care will improve service delivery and optimise the eHealth care potential to reduce costs by improving
efficiency. Moreover, embedding eHealth care competencies within training and education for health care professionals ensures
that the benefits of new technologies are realized by casting them in the context of the larger system of care. These care
improvements will potentially support the independent living of older persons at home.

Conclusions: This paper describes the health care professionals’ competencies and requirements needed for the use of eHealth
technologies to support elderly adults to age in place. In addition, this paper underscores the need for further discussion of the
changing role of health care professionals working in home care within the context of emerging eHealth care technologies. The
findings are of value to local and central government, health care professionals, service delivery organizations, and commissioners
of care to use this paper as a framework to conduct and develop competencies for health care professionals working with eHealth
technologies.
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Introduction

Background
The world population continues to age [1], and the prevalence
of chronic diseases is increasing [2], introducing complex
societal challenges about how best to provide care to seniors.
One in 5 workers will be employed in the health care sector by
2025, to meet the care demands of an aging population while
supporting the independence, autonomy, and quality of life of
older adults living at home [3,4]. To compensate for the
anticipated shortfall in trained health care professionals,
policymakers have advocated for the development and
application of eHealth technologies as a potential tool to improve
efficiencies in care [5]. While the application and deployment
of eHealth technology has continued at a rapid pace, this has
outstripped discussions on the skills and competencies that
health care professionals are required to possess to successfully
utilize the technology to support workplace practices.

eHealth involves the use of electronic communication and
information technology to improve the access, efficiency,
effectiveness, and quality of clinical and business processes
utilized by health care organizations, health care professionals,
and patients [6]. The term “eHealth” encompasses a broad range
of technologies, including electronic/personal health records,
telehealth, telecare, telemedicine, patient self-monitoring,
ambient assisted living (AAL), and smart systems [6,7].

This paper focuses on health care skills and competencies
required to utilize those technologies that support older adults
aging in place: remote telecare and AAL, mobile health, and
fall detection systems. This paper does not focus on health
information technology (HIT) such as telemedicine or electronic
health records. While there are differing occupations subsumed
under the term “health care professional”, this paper refers to
those who are future nurses (students) and current nurses. All
types of nurses fall into this category including certified nurse
assistants, licensed vocational/practical nurses, and registered
nurses as key actors who will interface with eHealth in the
future.

Advantages of eHealth
Research indicates that eHealth technologies can yield
substantial benefits for older people seeking to age-in-place by
promoting independence and well-being while promoting
efficiency and cost savings by reducing unnecessary hospital
visits and delaying admission to long-term care [8,9]. Telehealth
technologies, for example, facilitate remote patient consultations
and monitoring of chronic health conditions at a distance [10].
Remote telecare technologies offer the potential to monitor and
assist older adults with routine tasks and everyday home
activities while enhancing their independence and autonomy
[11]. As an example, simple automated reminders help and
encourage older people to take medications or follow exercise

programmes [12]. Other assistive and monitoring technologies,
such as mobile health, environmental and body area networks
in home, and health and activity monitoring, permit frequent
serial patient observations of conditions or behaviors that assist
caregivers by providing a more complete picture of patient status
[13]. Technologies that facilitate the delivery of care in the home
remove 3 barriers—stigma, access, and cost, which may prevent
older people from presenting themselves to health care
professionals [14,15].

eHealth interventions have the potential to alleviate the burden
on health care professionals who have patients with complex
care requirements or who currently manage high caseloads by
providing the opportunity to monitor the condition of an older
person remotely [16]. eHealth technologies have demonstrated
success in allowing health care professionals to telemonitor
blood pressure, pulse rate, and blood sugar levels, obviating the
need for personal visits [17,18].

Education and Training: Competencies
The advantages of eHealth technologies for health care
professionals stem from a system that coordinates the collection,
use and sharing of information to support health care delivery,
known as health informatics [19]. Health informatics has
developed rapidly in the last decade, becoming increasingly
complex as technological advances and mechanisms for
generating and sharing information have transformed clinical
service delivery [20]. To ensure that these advances are
translated into a service context, health care organizations must
educate and train health care professionals in the latest tools
and methods to accelerate the evolution of health care and affirm
the acceptance of technology.

The “Diffusion of Innovations” theory seeks to explain why,
and how fast new ideas and technology spread through cultures
[21]. The model introduces 4 key elements that influence the
adoption of a new idea: (1) the innovation, (2) communication
channels, (3) time, and (4) social system. Diffusion is the process
by which an innovation is communicated through certain
channels over time among the members of a social system.
Rogers explained that individuals progress through 5 stages of
adopting new technology: knowledge, persuasion, decision,
implementation, and confirmation. The first step in the process
of adaptation to and acceptance of technology is to enhance
professionals’knowledge about eHealth in their everyday work.
Knowledge can be categorized according to minimum
competencies that health care professionals are required to
possess prior to applying eHealth technologies. The typology
of skills adopted by the CanMEDS Physician Competency
Framework presents 6 key roles for professionals when engaging
in health care delivery, including advocate, communicator,
collaborator, manager, scholar, and professional [22]. Figure 1
illustrates the central role of the medical expert and its
interconnectedness with the other CanMEDS framework roles.
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This competency framework has been applied across different
countries [23]; in the Netherlands, the CanMEDS framework
is widely used in nursing education. The CanMEDS describes
the composite roles required of health care professionals within
generalized care delivery only and is not specific to eHealth.
This highlights a potential disconnect between the increasing
complexity of eHealth technology and the need to establish the
composite skills required of health care professionals to make
the best use of technology within a care context.

A systematic review indicated that end users’HIT competencies
and skills represent implementation barriers to eHealth [24]. In
the Netherlands, competencies and skills have been identified
as facilitators for the implementation of remote telecare to best
support frontline nurses in the workplace context [25]. A
description of competencies would ensure uniform quality of
remote telecare service delivery with the potential to apply these
skills to a broad range of health care decision-makers, including
nurses, professions allied with medicine, social workers, health
care managers, and caregivers.

Figure 1. The CanMEDS framework.

Early Research
In the Netherlands, van Merwijk [26] has described Information
Communication Technology (ICT) as a fundamental component
of remote nursing care delivery. However, eHealth training is
not a core component for care professionals [27], although
several studies have suggested that eHealth instruction should
be integral to nursing education, with the responsibility for
implementation falling on university educators, placement
supervisors, and regulators [28,29].

There is a long history of development of competencies in the
area of health informatics, nursing informatics, and (bio)medical
informatics [30-34]. Peterson and Gerdin-Jelger [34] started in
1988 with the recommendations of the international medical
informatics, which has been recently updated to accommodate
the current developments on education in biomedical and health
informatics [31]. Hasman and Albert [30] succeeded in
suggesting a guideline for the European curricula in health

informatics that apply to health care professionals and
administrative staff. In the Netherlands, on-going work on
competencies address nursing education and nursing informatics
more specifically [35,36]. However, there is still little or no
education for health care professionals in the use of technology
to support older adults to age in place such as remote telecare,
patient self-monitoring, and AAL. We contend that the current
competencies must be adjusted to fully realize the benefits of
eHealth.

Edirippulige et al [37] and Dattakumar et al [38] identified the
absence of systematic nursing education and training in eHealth
care as the reason for the emergence of under-skilled and
ill-equipped eHealth practitioners. Other studies suggest that
the skills gap has undermined confidence among nurses in
eHealth technologies, with many stating they are not in a
position to use these technologies effectively within the scope
of their work [39,40].
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The Aim
In discussing the competencies of health care professionals
working at home care organizations, 2 questions arise. First,
which eHealth competencies are required for health care
professionals to support older adults to age in place? Second,
what is the nature of the supportive framework required to
develop eHealth competencies? The goal of this paper is to
present findings from a collaborative workshop tasked with
exploring the basic eHealth competencies required of health
care professionals working in home care, with eHealth
technologies such as remote telecare, AAL, mobile health, and
fall detection systems. In addition, we present a supportive
framework that is required to establish these competencies in
the field. This framework is an adapted framework to that used
for HIT competencies.

Methods

Collaborative Workshops
In March 2012, the Department of Rehabilitation and Mental
Health Counselling at the University of South Florida (USF)
hosted an international group of academics in a set of
collaborative workshops to discuss and explore eHealth
competencies. Group discussion has been practiced extensively
in participatory research to facilitate active dialog among
individuals or groups to achieve the cross-fertilization of ideas
[41]. Feldman [42] argued that engaging in collaborative dialog
provided an opportunity to share and reflect upon experiences
and to situate them within their broader context and meaning.
Collaborative discussion allows for the transfer of knowledge,
thoughts, and feelings about a topic of interest through a process
of cooperative inquiry that enables new understandings to
emerge (ie, a dialectical process). The workshops were funded
as part of the Expanding eHealth Knowledge (iKOP) project,
which investigates eHealth systems for their ability to support
older adults living independently at home for as long as possible.
The main research question of the iKOP project was “What
criteria must eHealth fulfil to be understandable to professionals
and to be used by older adults to reduce the burden of care and
to reinforce independent living?” The workshops were designed
to partly address the professional component of this question.

Research Question
The aims of the collaborative workshops were as follows:

• The first aim is to share knowledge and expertise in the
application of eHealth technologies with health care
professionals through a process of collaborative learning.

• The second aim is to engage in collaborative discussion
regarding the competencies required of health care
professionals in the use of eHealth technologies.

• The third aim is to propose a set of skills and requirements
for health care professionals to adopt eHealth technologies
within their everyday working practices.

Stakeholders
To develop the transdisciplinary dialog, 11 academics spanning
the domains of biology, nursing, psychology, sociology,

engineering, gerontology, and health management engaged in
the collaborative workshops.

The participants were drawn from 3 academic institutions. First,
academics from the USF included the chair and an associate
professor of the Department of Rehabilitation and Mental Health
and the interim dean of the College of Behavioral and
Community Sciences (representing medical educators).
Participants from USF also included a professor at the College
of Nursing (representing medical educators and nurses), a
research associate professor of the Department of Rehabilitation
and Mental Health Counselling, and a courtesy professor at the
School of Aging Studies (representing academics, professionals,
and older adults). Second, academics from Utrecht University
of Applied Sciences included a full professor and chair of the
research group Demand Driven Care, Department of Health
care, Research Centre Innovation Health Care, and a PhD
candidate (representing older adults, professionals, home care
settings, and academics). Third, academics from the Gerontology
Research Centre at Simon Fraser University included a research
fellow and a professor (representing professionals, home care
settings, and academics).

In addition, two other organizations, the James A Haley Veterans
Administration Hospital Centre of Excellence (JAHVA) and
the Creative Action Limited Liability Company (CAL), were
involved. From the JAHVA, a research health science specialist
with interests in health disparities research and efficacy trials
of health care technologies to inform translational research and
system-wide implementation represented professionals (nurses)
and academics. The Vice President of Research at CAL
represented the interests of older adults, trainers, and software
developers.

The participants had previous experience working with or
evaluating the impact of eHealth technologies across a broad
range of care contexts including home care and institutional
care settings. A number of the participants have experience of
developing technology with a focus on end user involvement
and working alongside health care professionals to evaluate
their experience of using eHealth technologies.

Setting of the Workshops
The workshop consisted of two days of presentations and
collaborative discussions to clarify the role of health care
professionals in the application, development, and integration
of eHealth technologies to support older adults to age in place.
The presentations included a literature review on remote telecare
competencies and requirements of health care professionals,
feedback on the application and development of eHealth
technologies in the homes of older people through funded
research, and improvement of clinical research through the use
of mobile technology. Three specific forms of eHealth
technologies were addressed within the workshops: remote
telecare and AAL, mobile health, and fall detection systems.
These were the specific areas of expertise for the group of
academics. Each presentation was followed by collaborative
discussion in the group concerning the roles of health care
professionals in using and delivering care through these different
technologies and the specific competencies they might require.
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At the end of each day of the workshop, a summary of the issues
that were highlighted by all professionals was presented to the
group for agreement. At the beginning of the second day of the
workshop, a presentation was given about the key discussion
points from the prior workshop day to refresh the participants’
memory. The competencies and requirements were selected by
voting and ranking in importance while considering the diffusion
of innovations theory by Everett Rogers and the CanMEDS
Physician Competency Framework concerning how the
competency or requirement aligns with new technology. The
two-day workshop concluded with a presentation summarizing
the workgroup’s recommended eHealth competencies and a
discussion of future research directions. A number of
participants kept written notes of the discussions, which were
analysed thematically and presented in the results section.

Results

Necessary Competencies
During the workshop, eHealth products and possible necessary
competencies were discussed. Participants agreed to structure
the discussion as follows: (1) the requirements for basic ICT,
proficiency, quantitative analysis, and interpretation skills, (2)
communication skills, (3) support and guidance for the patient
(both for care support, computer, and ICT use), (4) knowledge
of best practices, and (5) legal requirements concerning patient
privacy and confidentiality. Although health care professionals
are required to possess a number of these skills within their
current work role, the skills must be re-interpreted within the
eHealth care context. Table 1 summarizes the competencies
identified in the analysis of the workshop discussions.

ICT Attitudes and Skills
The concept of eHealth is predicated upon sharing and
communicating information through ICT technologies [6]. A
desirable prerequisite for health care professionals is an abiding
interest in the eHealth technology field. With little interest in
eHealth technology, there will be scant enthusiasm to learn and
adapt eHealth technologies for work roles or to apply learning
obtained through formal training. Venkatesh et al [43] and Davis
et al [44] showed in the technology acceptance model that
intension to use is highly correlated to actual use. Moreover,
an interest in eHealth care promotes sharing and learning within
the workplace, establishing the foundation for positive cultural
attitudes to develop toward the technology.

A crucial competency for health care professionals involves the
basic skills for using technology and hardware, such as accessing
the Internet or using a personal computer or mobile device
[30,45]. Formal caregivers must have an aptitude for the devices
used to collate, store, and display patient information in their
new work routines [31]. Just as other researchers have found
that basic skills in ICT are necessary [30,31], we agreed that
professionals must be adept in using the software application
to access patient information, to properly display and manipulate
patient data and to ensure that information is interpreted
correctly [30,31]. Developing competencies in using hardware
and software are integral to ensuring the usability and
acceptability of the device. Without these basic skills and
aptitudes, care workers are likely to continue to rely on the

traditional mechanisms of observation and monitoring, which
they feel are more usable and familiar.

The key to developing trust in a specific system is for health
care professionals to know the how and why of what specific
technologies are designed to achieve within the homes of older
people. Smith [46] has shown that for a system to be
implemented successfully, it needs to yield benefits for the
users. For example, developments in the area of smart and
assistive technologies are increasingly reliant upon a suite of
sensors and alarms to monitor the older person. During the
workshop, we agreed that there is a need to translate the purpose
of these sensors into easily understood, jargon-free language
with the specific objective of understanding how a sensor
collects, shares, and distributes information and why it is useful
to the professional to know that information. For example, the
use of door sensors helps to monitor patient activity, which
informs the caregiver about how many bathroom visits the
person has performed. This is important for understanding how
technologies can support the health care professional’s everyday
working practices. Another key area that can undermine the
acceptance of eHealth technologies is the reliability of the
technology [47]. Telephone technology operates with “Five 9s”
reliability; in other words, it is available 99.999% of the time,
with infrequent outages resulting from events such as severe
weather [48]. Computers and Internet-based technologies are
somewhat less reliable, and Internet protocols are termed “best
effort” service delivery functions. Best effort service is, by
definition, not perfect, nor should it expected to be. Information
packets can be dropped or delayed, resulting in an incomplete
delivery of eHealth services [49]. Mobile devices that rely upon
the eHealth professional to properly charge the battery and
maintain the Internet service provider account may find that
access in a given region is not accessible due to poor network
coverage or a discharged battery, meaning that the eHealth
technology does not function when it should. The competent
eHealth service provider must be cognizant that the failure of
technology is not an infrequent event and that its successful
resolution hinges upon the professional exercising a combination
of tact, grace under fire, and patience. Technology failures
undermine the confidence of the patient and the professional
who uses them. With the expansion of mobile technologies into
the everyday lives of citizens, we find that the general population
has become somewhat more tolerant of service interruptions
due to computer viruses, lack of cellular telephone service, and
incorrectly configured networks [50]. Nevertheless, the
willingness to use technology decreases if it is perceived as
being more trouble than it is worth.

Interpretation and Analysis of eHealth Solutions and
Data
It is necessary to ensure that health care professionals have the
skills to interpret patient information gathered with eHealth
technology. The presentation of information clearly, concisely,
and in an interpretable way is a technological requirement, but
eHealth care may require a different instrument to interpret
information for health care professionals so that it makes sense
in the context in which it was generated. The type of data
generated through e-technologies may vary from longitudinal
monitoring data to more immediate observations of a patient’s
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condition, and the health care professional must competently
interpret the new data. Another skill required of the health care
professional is translating the data into meaningful information
for effective clinical decision making by combining the data
with the professional’s knowledge of the patient’s health
condition and the health care domain to derive the most
appropriate, least burdensome, and most cost-effective
intervention.

Support and Guidance
If eHealth is to produce efficiency savings through economies
of scale, then care will need to be increasingly delivered
remotely, through mobile consultations or networked care
delivery that obviates the need for direct contact. Given that the
caregiver will not have face-to-face contact with the older
person, good support and clear guidance to the patient will be
important to ensure that health problems can be effectively
diagnosed and treated at a distance [50].

The professional caregiver will be required to provide on-going
support and guidance in the use of the technology to the patient.
For example, where remote self-monitoring provides patients
with access to their own data, health care professionals must
educate users in the functionality of the system and in
interpreting the readings so that they feel empowered in the
decision-making process. In the expansion of e-telecare, the
role of the health care professional as an educator and facilitator
for the patient is important if eHealth technology is to become
accepted in the home environment. The empowering role of the
health care professional has been observed in the development
of the expert patient programme in the United Kingdom and
within the broader role of case management [51]. Evaluations
of AAL technologies have highlighted the importance of
community nurses in facilitating the benefits of technology
when making care-related decisions. Here, community nurses
possess tacit knowledge of the end user and their own expert
knowledge in health care delivery and clinical decision making,
which, when combined with data generated through assistive
technology, can improve the usefulness and usability of eHealth
care interventions [52].

Communication Skills

eHealth Care
eHealth care has the potential to change the dynamics of care
and to bring about changes to the types and intensity of verbal
and nonverbal communication in the care dyad. In the following
sections, adjustment and modification of the communication
between two caregivers or between the caregiver and the client
is described.

Communication Skills Between Health Care
Professionals and Clients
Effective communication skills are a current requirement for
health care professionals, but eHealth care technologies have
changed the traditional modes of interaction between caregivers
and clients. Different technologies present alternative ways for
health care professionals to project themselves into the care
setting, such as by email, telephone, mobile devices, or
teleconferencing. In doing so, health care professionals must

be aware of how technology nuances their communications to
deliver the type of care and person-centred support the end user
requires.

The health care professional must ensure clear and transparent
communication between the professional and the user. Voice
intonation, listening skills, and clarity of two-way
communication are important when delivering messages via
technology because face-to-face prompts and supports are
absent. As an example, remote telecare health care professionals
communicate synchronously via an audio/video connection.
Specific competencies are required for remote telecare, including
presenting a professional appearance, sensitivity to maintaining
eye contact with the client, adopting an engaging facial
expression, and having a well-developed ability to recognize
changes in client behaviors or environmental surroundings via
the telecommunications link. These aspects may be conveyed
differently through teleconferencing. It is worth noting that
colors may not be correctly translated by all video devices in
use in telecare situations and that high ambient noise levels may
cause the professional to miss subtle cues that might be present
in the individual’s voice. These environmental considerations
are classed broadly in the telecommunications as “production
values” and subtly affect the recipient of the communication.
When completing observations or encouraging patients to
undertake a task, the professional cannot support the client by
physically guiding them through the process but instead need
to rely primarily upon verbal communication and nonverbal
gestures, such as nodding or facial expressions to express
satisfaction. The communication must be individually tailored
because some persons require more frequent contact depending
on their cognitive capacities and their specific social and
emotional support needs.

Communication Skills Between Health Care
Professionals
The health care professional may be required to engage other
health care professionals when making care-related decisions
and must ensure that patient health information is shared
responsibly [53-56]. eHealth technologies should be set up to
facilitate sharing information between and across organizations,
but professionals need to engage in regular communication to
facilitate joint working with other stakeholders who are
responsible for delivering care to the older person, such as
informal caregivers, health care delivery organizations, and
community and voluntary groups. Therefore, an adjusted version
of the health level 7 standards and the ISO 13606 could be used
to apply to specific eHealth technologies [53-56]. However,
health care professionals must be aware of the far-ranging
implications of eHealth solutions across the broader integrated
spectrum of care.

Privacy and Confidentiality
The sharing of patient information across an integrated eHealth
system raises questions about patient privacy and confidentiality
[57]. Health care professionals must be aware of the specific
ways in which eHealth technologies have the potential to
compromise the privacy and confidentiality of the patient and
of the rights of the patient to know how these data are shared
and viewed.
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Even though there are standards for data and information sharing
[58,59], eHealth care changes the ways in which health care
professionals observe, view, and share information, leading to
unique requirements for how patient data are retained and kept
secure from others when using mobile devices and online tools.
Moreover, if eHealth draws upon multiple professionals from

various service providers, there is a need to be aware of who is
allowed access to what information. Unfettered access to patient
information is neither desirable nor, in some countries, legal,
but there is a need to ensure the effective sharing of information
across service providers while taking into account (inter)national
privacy law and legislation rules.

Table 1. Skills and competencies of health care professionals.

SkillsRequirementsCompetenciesTheme

Know specific skill sets in eHealth technolo-
gies being applied

Have an abiding interest in the eHealth
technology field

Competent in the use of neces-
sary telehealth technologies and
software and adopts a positive
attitude toward their use in the
workplace

ICT attitudes and skills

Have basic skills for using technology and
hardware, such as accessing the Internet or us-
ing a personal computer or mobile device

Have an aptitude for the devices used to col-
late, store, and display client information

Know and be able to translate the benefits of
eHealth technologies to end users

Ability to interpret output data generated by
eHealth care technologies

Knowledge of the client’s health condi-
tion and the health care domain

Competent in interpreting end
user data and applying these
data to effective clinical deci-
sion making

Interpretation and analysis
of eHealth data

Translate the data effectively within the context
of the client with a positive outcome

Educate end users in the operation and function-
ality of the technology

Possess tacit knowledge of the end user
and their own expert knowledge in
health care delivery and clinical deci-
sion making

Ability to provide on-going
support and guidance to end
users to increase the acceptabil-
ity of eHealth technologies

Support and guidance

Ability to diagnose and treat effectively at a
distance

Effectively combine clinical knowledge with
eHealth data in decision making

Ability to have clear and transparent communi-
cation between the professional and user, such
as voice intonation, listening skills, and clarity
of two-way communication

Have general communication skillsTo communicate effectively
with both end users and formal
care providers

Communication skills

Ability to interpret verbal and nonverbal cues,
such as nodding or facial expressions, in inter-
action with end users

Be aware of the far-ranging implica-
tions of eHealth solutions across the
broader integrated spectrum of care

Facilitate information sharing and transferral
across formal care providers

Need to secure all personal health data for the
patient

Be aware of the privacy and confiden-
tiality rules of data exchange

To maintain the privacy and
confidentiality of the end user

Privacy and confidentiality

Ensure that information transferral and ex-
change takes place within a secure platform;
apply the concept of least privileged access to
other practitioners sharing confidential infor-
mation

Discussion

Principal Findings
In this paper, we described the competencies and requirements
needed by health care professionals for the use of eHealth
technologies to support older adults to age in place. The results
of this paper are in good agreement with those of Kulikowski
et al [32], IMIA group [31], Hasman and Albert [30], Goossen
et al [35,36], and Ayres [45] with regard to general competencies
(ie, computer skills and informatics knowledge). We expanded
those competencies to extend to the more specific use of

technologies such as remote telecare and AAL, mobile health,
and fall detection systems. Moreover, this paper proposes a
supportive framework required to establish these competencies,
other than the HIT competencies, in the field of professionals
working in health care to support older adults to age in place.
In addition to the described competencies, this paper highlights
a number of barriers and facilitators to applying and developing
these competencies within the health care profession beyond
ensuring that they are a fundamental aspect of training and
education [21-24]. However, there are still a number of
strengths, weaknesses, opportunities, and threats in the internal
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and external work environment that must be mapped for the
adoption of eHealth technologies.

Strengths include those skills that health care professionals
currently possess when delivering care to clients or patients and
that can be capitalized upon in the integration of eHealth care,
including the ability to analyse and interpret data from existing
monitoring mechanisms, tacit knowledge of the client and the
home environment, and clear and transparent verbal and
nonverbal communication skills to establish trust and reciprocity
with clients. In the Netherlands, based on the CanMEDS
systematic the seven following workplace skills for nurses are
described: clinical performance, communication, cooperation,
organization, social performance, knowledge and science, and
professionalism [26]. With this in mind, the theme “ICT attitudes
and skills” as described in this paper can be seen as knowledge
and science skills, whereas skills described under the theme
“interpretation and analysis of eHealth data and support and
guidance” might be seen as clinical or social performance.
Further, the themes “communication and privacy, and
confidentiality” can be seen as communication and
professionalism skills, respectively. Moreover, communication
skills have always been important in establishing rapport and
trust with patients, and these are equally important within the
context of eHealth care. These strengths can ensure that the
benefits of eHealth technologies can be maximized to bring
about improvements to the delivery of care (positive outcomes)
and to realize efficiencies for the health care professional (better
management of caseloads). All of these skills are integral to
ensuring that eHealth technologies become widely adopted
within the home environment. Existing skills, such as the ability
to review paper-based patient case notes, can be transferred to
eHealth solutions by utilizing different instruments to collect
and display that information. A tacit understanding of the client
enables eHealth data to be interpreted within the context in
which they were generated, ensuring that interventions are
appropriate. This implies organizational skills. Ensuring
appropriate interventions has already been achieved for health
information technology such as ICT and electronic public
records, however not yet realized for remote telecare and
assistive living technology.

In recognizing the strengths that health care professionals
possess, there is also a need to recognize the weaknesses that
must be addressed. eHealth technologies will bring about
changes to the health care profession. The very notion of eHealth
supporting or replacing tasks that the health care professional
traditionally undertakes may evoke hostility within the
profession slowing widespread adoption [25]. Interventions
need to be integrated in an appropriate and sensitive manner
and adapted to the existing workplace practices and workflow
of the health care professional [25]. Moreover, although the
benefits of eHealth care technologies have been documented,
there is a dearth of large-scale evaluation studies of their
long-term impact. This lack of an evidence base undercuts the
argument that eHealth care technologies are necessary for the
health care professional.

Opportunities
Despite these weaknesses, there are a number of opportunities
available to ensure that eHealth care becomes a fundamental
part of care delivery to support aging-in-place, and these
opportunities require a number of changes at the organizational
level. Following Rogers’ model for adopting new technology,
we argue that first, although knowledge can be derived through
the training and education of health care professionals, there
must be systematic mechanisms in place for reviewing training
needs and requirements within the context of emerging and
changing technologies. Second, for persuasion, organizational
commitment is needed to ensure the development of a culture
of working with eHealth technologies, encouraging health care
professionals within organizations to share their experiences
with other professionals when using technologies. This will
help in identifying and working through barriers while exploring
the unanticipated benefits of using technology within the
profession. Third, to support organizations in their decision of
using eHealth, organizations must demonstrate that eHealth
solutions are an essential part of delivering care in the future
and must instill this within the cultural ethos of the organization,
which challenges the traditional approaches to delivering care.
Fourth, for a successful implementation, the benefits of using
eHealth solutions need to be mapped and translated to
caregivers. If eHealth technologies can enable health care
professionals to accomplish their everyday tasks more
efficiently, and if professionals can see the benefits in terms of
assisting them in their roles, then professionals are more likely
to give their confirmation to use eHealth technology within their
everyday working practices.

Threats
A number of existing threats to the successful integration of
eHealth care prevent the strengths and opportunities of eHealth
care technologies from being realized. These include the
conservatism inherent in the care delivery system, existing ways
of commissioning care, traditional approaches to care delivery,
and a lack of flexibility within health care systems to
accommodate innovation and change. Care delivery is complex
and involves multiple providers at the local level, the
architecture of which differs across jurisdictions but involves
a number of health care professionals. eHealth technologies
must be sufficiently flexible to facilitate integration across
jurisdictions; otherwise, health care professionals will be asked
to work within complex circumstances. Ultimately, eHealth
technology must be seen as part of the broader cultural system
of delivering care to ensure that eHealth care becomes part of
an integrated system of delivery.

An additional threat to the integration of eHealth care is the low
level of funding for eHealth-based care delivery [60] and the
lack of standardization in the field of eHealth. The ISO 13131,
Health Informatics-Quality criteria for services and systems for
telehealth, focuses on establishing standards for eHealth,
allowing payment schemes to be defined [61].

Conclusion
Advances in eHealth technology have the potential to bring
about efficiency savings in terms of delivering care to older
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people and to support self-management by older adults. To
facilitate this scenario, there is a need to ensure that the pace of
technology development is reflected in the abilities and skills
of health care professionals working in home care organizations.
In the eHealth world, professionals are required to collate, share,
and manage multiple forms of information and to interact with
different types of technology in their everyday working
practices. This requires that the role of the health care
professional be revisited to examine the existing skills gap and
to identify professional development opportunities and
educational needs. Technologists and engineers have been
concerned with developing technological solutions to health
and social care problems, but much of the research so far has
been limited in terms of real-world products and services
[61,62]. A number of barriers to effective implementation exist.

In particular, there has been insufficient attention paid to the
ways in which technology can be integrated into the working
practices and workflow of care professionals [25]. Further work
must be undertaken to examine the experiences of health care
professionals when using the broad range of technologies on
the market and to remove the barriers and establish facilitators
to the realization of these technologies within an organizational
context. The findings presented in this paper are exploratory
and are limited in that they draw upon the opinions of academics
as opposed to stakeholders involved in the commissioning of
care. Future work should consider the perspectives of a broad
range of stakeholders and actors involved in designing and
commissioning technologies that change the way health care
professionals remotely access patient information to support
them to live independently at home.
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Abstract

Background: The gradual but steady shift toward telemedicine during the past decades is a clear response to important health
problems that most industrialized countries have been facing. The growing elderly population and changing dietary habits have
led to an increase in people with chronic diseases and overall health care expenditures. As more consumers use their mobile
device as their preferred information and communication technology (ICT) device, mobile health monitoring has been receiving
increasing attention in recent years.

Objective: This study examines clinicians’ perception of factors determining mobile health monitoring acceptance in Japan
and Spain. The study proposes a causal model consisting of innovation seeking, new ICT attributes (perceived value, time-place
flexibility, and compatibility), and usage intention. In addition, cross-country differences are posited for the hypothesized
relationships among the proposed constructs.

Methods: A questionnaire survey was performed to test our research model and hypotheses. The sample consisted of clinicians
from various medical specialties. In total, 471 and 497 usable responses were obtained in Japan and Spain, respectively.

Results: In both countries, the collected data fit the model well with all the hypothesized paths among the constructs being
supported. Furthermore, the moderating effects of psychic distance were observed in most of the paths.

Conclusions: Our study demonstrates the importance of new ICT attributes, namely perceived value, time-place flexibility, and
compatibility, in the clinicians' adoption of mobile health monitoring. In particular, our results clearly indicated that perceived
medical value and ubiquitous nature of the tool are the two main benefits clinicians are likely to perceive (and appreciate) in both
countries. This tendency will be stronger for those with a greater propensity to seek innovation in ICT. In terms of cross-country
comparison, the strength of the path from innovation seeking to perceived value was greater in Japan than in Spain. Since the
number of clinicians per 10,000 residents is substantially fewer in Japan compared with Spain, clinicians with a greater propensity
to seek innovation in ICT may have perceived greater value in using mobile health monitoring to improve remote patient care.

(Med 2.0 2013;2(2):e11)   doi:10.2196/med20.2874
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Introduction

As more consumers employ information and communication
technology (ICT) to manage their health and fitness, mobile
health monitoring has received much attention from the health
care industry [1]. Compared with other ICT tools, mobile
monitoring enables clinicians more personalized and flexible
control of patients’ health at a distance. One of the advantages
of this monitoring system for patients is the unobtrusive,
prolonged ambulatory monitoring, which allows for improved
quality of life and faster response in the case of emergencies
[2]. However, little attention has been paid to clinicians’
perception on this technological breakthrough. In addition, it is
virtually unknown how mobile health monitoring has been
accepted across borders. To fulfill this research gap, this study
examines clinicians’ motivations to use mobile health
monitoring in two industrialized countries, Japan and Spain.

We propose a causal model consisting of clinicians' innovation
seeking, new ICT attributes (perceived value, time-place
flexibility, and compatibility), and usage intention.

The model is based on Rogers’ [3] diffusion of innovation
theory, mainly focusing on relative advantage and compatibility.
We envisage the relative advantage of mobile health monitoring
as two main factors, perceived value and time-place flexibility,
while retaining compatibility as a characteristic of a new ICT
that must fit not only clinicians’ work routines, but also their
medical beliefs that remote control of chronic disease is
beneficial [4]. These new ICT attributes turn out to be the main
causes of usage intention. In addition, we posit full mediation
hypotheses of new ICT attributes, since Yi et al [5] found that
the impact of innovation seeking on intention to use a personal
digital assistant was hardly significant in the presence of the
new ICT attributes indicating full mediation. Several past studies
reported similar results on the importance of individual
propensity to seek innovation in directly determining user
perceptions of new ICT attributes [6]. We posit that psychic
distance between clinicians and patients would moderate the
relationships among these constructs.

Japan and Spain were chosen for two reasons. First, both
countries have developed a comprehensive public health care
system that fully covers basic medical costs, with very similar
medical expenditure as a percentage of gross domestic product
and per capita. Second, the number of clinicians per 10,000
residents or per hospital bed is notably greater in Span than in
Japan. By increasing health care costs, a lack of clinicians would
drive a serious need for ICT-based health care monitoring.

Methods

Overview
Professional marketing research firms recruited participants in
Japan and Spain. In both countries, quota sampling was applied.
In an attempt to ensure a sample representative of the nation,
the respondents were collected from all geographical regions,
assigning a quota of clinicians per region. In Japan, 471
respondents were collected from 47 prefectures, and in Spain,
497 respondents were drawn from 17 autonomous communities.

The sample consists of clinicians in diverse specialties, since
the number of those specialized in diabetics is rather limited.
The age ranged from 25 to 65 in Japan, and 25 to 80 in Spain.

Statistical Analysis

Measurement Assessment
Before proceeding with the estimation of the structural model,
we performed a full-sample confirmatory factor analysis (CFA)
with six latent constructs using AMOS 19.0 [7]. Time-place
flexibility was conceptualized as a second-order construct, thus
time flexibility and place flexibility were added as separate
first-order constructs. To take into account the recommendations
by Bagozzi and Yi [8] and Bollen [9], multiple indices were
used to assess the goodness of fit of the overall model:

χ2
242=1883.75, comparative fit index (CFI)=.93, Tucker-Lewis

index (TLI)=.92, and root mean square error of approximation
(RMSEA)=.084.

In a model with “good” fit, the chi-square statistic should not
be significant at the 5% level. However, the literature suggests
that this index becomes too sensitive in larger sample sizes [10].
The values of the CFI and TLI indices should be close to 1,
although values between .90 and .95 are considered adequate
[8,9]. The RMSEA index should be close to 0 [7]. Thus, all the
indices, except the chi-square statistic, were in an acceptable
range. In addition, all items exhibited highly standardized
loadings on their intended factors. Thus, convergent validity
was established.

Reliability and Validity
Based on the CFA results, we computed composite reliability
(CR) and average variance extracted (AVE) to assess the internal
consistency of the multiple measures [11]. As a benchmark,
researchers generally recommend .70 and .50 as an appropriate
level for the CR and AVE, respectively, in an exploratory study.
All the multiple reflective constructs exceeded these criteria.

Discriminant validity is the extent to which a construct truly
differs from neighboring constructs [10]. This was assessed
from the latent constructs correlations matrix, where the square
roots of the AVE along the diagonal are reported. The
correlations between the constructs are reported in the lower
left off-diagonal elements in the matrix. Fornell and Lacker [11]
suggested that the average variance shared between a construct
and its measures should be greater than the variance shared
between the construct and other constructs in the model. Thus,
discriminant validity is satisfied when the diagonal elements
(square root of AVE) are greater than the off-diagonal elements
in the same row and column.

Invariance Structure
Given our comparative purpose for the path strengths between
Japan and Spain, we examined the measurement invariance
across the samples, following the procedure suggested by
Steenkamp and Baumgartner [12]. We tested the invariant factor
loadings across the models, restricting factor loadings equally
across countries. The chi-square difference between the full
metric invariance model and the baseline model was significant
(P=.008), although the other fit indices were acceptable. Thus,
full metric variance was not achieved.
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Yet, prior research suggests that full metric invariance is rather
unrealistic and only partial invariance is required for
cross-country model comparison [13]. On this basis, we next
tested a series of partial measurement invariance models by
sequentially relaxing the factor loadings of the items. The
resulting model did not differ significantly from the baseline
model (P=.07). Therefore, we confirmed evidence of partial
metric invariance that enabled us to assess relations in the
structural model.

Results

Main Paths
Our structural model was examined for the full sample with the
maximum likelihood method using AMOS 19.0 [7]. Most of
the indices indicated an adequate model fit, except for the
chi-square statistic. As explained before, the difficulty of passing
this stringent test has been noted elsewhere [9]. Thus, it was
judged that the multiple indices sufficiently justified the
adequacy of the model’s fit to the sample data. The resulting
fit indices were CFI=.93, TLI=.92, and RMSEA=.086. All the
hypothesized relationships between the proposed constructs
were statistically significant.

Moderation Analysis
To test moderating effects of the country, multigroup analyses
were performed using AMOS 19.0 with the maximum likelihood
method. The multigroup baseline model was estimated across
the two countries simultaneously, without placing any equality
constraints on the hypothesized paths. Their fit indices served
as initial points of comparison in addressing whether the
proposed structural relationships would hold in the same way
across the two groups. The chi-square value of the unconstrained
or baseline model was 2572.36 (P<.001), with 511 degrees of
freedom. In the equal path model, the path between innovation
seeking and perceived value was constrained to be equal in both
Spain and Japan. The difference in chi-square values between

the constrained and equal path models (χ2
1=3.12) suggests that

the direct path between innovation seeking and perceived value
was marginally greater for the Japanese sample, compared with
their Spanish counterpart. This test was repeated for the path
between innovation seeking and compatibility, and the one
between innovation seeking and time-place flexibility. Two out
of three paths were statistically greater in Japan than in Spain.
As for the path between perceived value and usage intention,
the difference was only marginally significant; this path was
greater for the Japanese sample.

Discussion

Principal Results
Our structural equation modeling results indicate that, regardless
of the country, innovation seeking is a strong determinant of
new ICT attributes of mobile health monitoring in terms of
perceived value, time-place flexibility, and compatibility. In
the comparison of the relationships among the constructs across
the countries, we found that Japanese clinicians, compared with
their Spanish counterparts, perceived the paths between
innovation seeking and perceived value and between innovation

seeking and time-place flexibility. We believe that this may be,
at least partially, due to the difference in psychic distance
between clinicians and patients, which is operationalized as the
number of clinicians per 10,000 residents.

Limitations
We should recognize two important limitations. First, there may
be factors other than psychic distance that may have affected
the cross-country differences between Japan and Spain. For
example, the technology readiness may vary across countries
and may have affected clinicians' perceptions on a new
monitoring tool. By the same token, this study did not take into
account negative factors, such as perceived risk or information
security. Second, most of the respondents in both countries have
not used the system before, thus their responses were based on
their limited knowledge and experience.

Conclusions
Our study serves as an initial stepping-stone in research
exploring cross-country differences in clinicians’ perceptions
on mobile health monitoring. Our results clearly demonstrated
the importance of new ICT attributes, namely perceived value,
time-place flexibility, and compatibility, in adopting mobile
health monitoring in both Japan and Spain. Our study
crystallized the importance of relative advantage in the
framework of the Rogers’ diffusion of innovation theory [3].
Clinical value and time-place flexibility are the main benefits
clinicians may perceive and appreciate from this new tool.

With regard to the cross-country comparison, the path from
innovation seeking to perceived value was viewed more strongly
in Japan than in Spain. This could potentially be explained by
the smaller ratio of clinicians per 10,000 residents in Japan
compared with Spain. Clinicians with a greater propensity to
innovate ICT may have perceived greater value to use mobile
health monitoring to improve remote patient care. For the same
reason, the path from innovation seeking to time-place flexibility
was more accentuated in Japan than in Spain, probably because
Japanese clinicians are more willing to take advantage of the
most important utility in mobile health monitoring—the
ubiquitous nature of the device. On the other hand, there was
no difference in the paths between compatibility and innovation
seeking and between compatibility and usage intention.

Future Research Suggestions
Future extension should not only overcome the limitations
recognized previously, but also address additional issues directly
related to mobile health monitoring adoption. For example, the
concept of psychic distance between clinicians and patients has
seldom been documented in prior research. Perhaps the most
crucial issue here is the indicator that would represent psychic
distance. The number of clinicians per bed could be a practical
measure but the concept needs to be developed further. In
addition to innovation seeking, there are other personal
characteristics that would affect new technology adoption. For
example, risk aversion, ease of use, usability, and design
aesthetics, might be important factors to be considered.
Furthermore, future research should examine more countries
so that the obtained results can be more generalizable.
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Abstract

Background: There is an increasing social isolation among the elderly today. This will be an even larger issue in the future
with growing numbers of elderly and less resources, for example, in terms of economy and staff. Loneliness and social isolation
can, however, be addressed in several ways using different interactive eHealth services.

Objective: This case study investigated novel eHealth services for the elderly, and their usage of a social interactive device
designed especially for them.

Methods: In this work, we used an innovative mobile communication device connected to the television (TV), which worked
as a remotely controlled large interactive screen. The device was tested by 8 volunteers who visited a senior center. They were
between 65 and 80 years of age and lived in their own homes. Throughout the 1.5 year-long project, 7 design workshops were
held with the seniors and the staff at the center. During these workshops, demands and preferences regarding existing and new
services were gathered. At the end of the project the participants’ experience of the device and of the services was elaborated in
3 workshops to get ideas for improved or new meaningful services. During the data analyses and development process, what
seniors thought would be useful in relation to what was feasible was prioritized by the development company.

Results: Regarding daily usage, the seniors reported that they mainly used the service for receiving information from the senior
center and for communication with other participants in the group or with younger relatives. They also read information about
events at the senior center and they liked to perform a weekly sent out workout exercise. Further, they played games such as
Memory and Sudoku using the device. The service development focused on three categories of services: cognitive activities,
social activities, and physical activities. A cognitive activity service that would be meaningful to develop was a game for practicing
working memory. In the social activities category, the seniors wanted different quizzes and multi-player games. For physical
activities, the seniors desired more workout exercises and suggestions for guided walking routes. A new category, “information
and news”, was suggested since they lacked services like senior-customized global and local news.

Conclusions: This study showed the importance of input from a group of seniors when designing new services for elderly
citizens. Besides input to interactive eHealth service development for seniors, this study showed the importance of a social context
around such work. The seniors were very engaged throughout the project and workshops were frequently visited and the seniors
became friends. The high amount of input from the seniors could be explained in terms of social inclusion; they belonged to a
group and each member was considered important for the work. The friendly workshop atmosphere facilitated new ideas and
redesign of the services.
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Introduction

Background
There is increasing social isolation among the elderly today.
Loneliness and social isolation can, however, be addressed in
several ways using different interactive eHealth services. One
of the most important issues in reducing social isolation is the
existence of social networks [1]. The possibilities to
communicate with friends and relatives through computers and
the Internet can increase the social network, and social isolation
can be reduced [1,2]. Several studies have shown the importance
for older adults to be able to communicate with family members
and friends enabled through new communication technology
[2,3]. Although it may seem different, the Internet usage pattern
does not differ between older and younger daily users; Internet
is mostly used for emailing, searching news, and gathering
practical information [3]. This technology also provides
opportunities for older adults to gain new knowledge from other
generations. The possibility to communicate with children and
grandchildren through the Internet and email, for example, is
important for older adults and has already become one of the
most important reasons for older adults to purchase a computer
at the end of the last century [4]. Older adults using the Internet
have also reported that they experience a higher level of social
support [5]. Among many elderly, Internet has also become an
important source for getting medical information. This
opportunity increases the feeling of controlling the own health.

It empowers people in terms of being more educated in the area,
and having the possibility to share experiences with others [6].

The quick development in the area of mobile communication
in the last decade has provided many new possibilities for
communication and sharing our everyday life with each other.
Many new services and applications are also targeted towards
the elderly and have interfaces that are considered easy to use.
In Sweden, however, where Internet access is common and
accessible almost everywhere, daily usage decreased from
generation to generation as a function age (Table 1).

Table 1 clearly reveals that Internet use decreases with
increasing age. These data show as well a longitudinal measure
of three user groups. Following a specific group of seniors
horizontally, it is noticeable that daily use of Internet increased
from 2009 to 2011. In 2011, the daily Internet use was 51% for
the age group 65-74 years old and 22% for those 75 years old
and up, which was the oldest measured group [7].

The low rate of usage at high ages could become a society
problem, where more and more public services are accessed via
different communication technology tools. This is also valid
for eHealth services, where for example, time booking and
contact information to care providers, as well as access to own
health and social care data is found on the Internet and difficult
to access elsewhere. It is therefore imperative to develop user-
and situation based eHealth services that are thoroughly tested
with and accepted by the intended users.

Table 1. Daily Internet use in Sweden during three years and displayed in three groups of users [7].

201120102009Age group

64575355-64 years old, %

51433765-74 years old, %

22161275 years old and up, %

Objective
This case study aimed to investigate novel eHealth services for
elderly citizens together with seniors, using an interactive device
designed for seniors.

The Project: “Quadruple Helix”
This study was set for 1.5 years, financed by the Swedish agency
for innovation systems, Vinnova. The goal with the project was
to jointly develop a range of services that correspond to the
society’s need for new sustainable and quality assured services
in elderly care. The work in this project can be described as a
kind of innovation procurement in which municipalities raise
their competence, and where the Information Technology (IT)
development companies increase their knowledge of the end
users. By collaborating with researchers, the company gets a
chance to strengthen their methodological approaches. By
involving seniors, the project model is raised from being a Triple

Helix (society working closely with industry and academia) to
an even stronger quadruple helix model with the main
stakeholder actively involved as potential end users [8]. In this
environment, problem-owners, health informatics researchers,
elderly users, and developers of novel IT services worked
together in a user-centered and participatory design approach.

Research Approach
This research study adheres to cooperative design [9,10], which
is a human-computer interaction (HCI) research theory that
regards system development with user participation and
considers designing a social process. From research literature,
we know that usability aspects should be brought in early in the
development process [9,11]. Previous research also presents
several methods to engage users in the future, for example,
future workshops [12]. Other methods to bring future needs
analysis into system development are iterative prototyping and
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scenario-based design, preferably applied together with potential
users in a collaborative approach [13,10].

The degree of user participation may vary. Regardless of activity
degree, in cooperative design developers and practitioners/users
are seen as actively cooperating partners. Together they aim to
reduce uncertainty and risk in the development of novel systems,
where a detailed conception of exactly which future needs
should be supported, is often lacking [9,12]. Moreover, using
older people’s extensive experience when trying to meet their
needs can be more successful for promoting a new product or
service, rather than relying on interaction patterns based on the
computer paradigm [14]. This fact increased the interest to
further study how novel eHealth services could be designed to
reach a heterogeneous target group of elderly people, spreading
over an entire country, across different ages, education, health
status, and interests. This case study is one of four aiming to
extract new knowledge based on user experiences of different
older citizen groups using this device and testing its interactive
eHealth services [8]. It was conducted together with seniors
healthy enough to frequently visit a senior center.

Methods

Device and Test Participants
Research suggests that use of a TV as the platform would reduce
new users’ uncertainty [15,2]. Based on this previous research,
the TV platform was believed to have a relative advantage over
computers and mobile phones in terms of users’ self-reported
motivations for starting and continuing to use the system. Hence,
this study used an innovative mobile communication device
(Figure 1) connected to the TV, which worked as an interactive
large screen controlled remotely.

When the device was connected to an ordinary TV, the TV
could receive and send photos, videos, sounds, and text
messages from mobile phones and computers. The technology
behind this was based on the mobile phone network for
communication. There was a subscriber identity module (SIM)
card in the device, requiring the device to be placed within
global system for mobile communications (GSM) coverage. It
was also possible to send email through the device.

The device was considered easy to install in the home. It was
plugged into the TV and to the power connector. When a
message has been received, the device flashed like an answering
machine. The message could be opened with one press on the
main button of the remote control. The user of the device could
answer the message by writing a text or by sending a voice
message. The device could be used for communication between
friends and relatives, but also for caregiving purposes, for
example to inform the senior which nurse from social care
service was scheduled to come, the task to be performed, or
medication to be taken.

This prototype, not widely commercialized yet, has been
iteratively developed over the last three years. The studied (and
latest) version consisted of three different user modes addressing
different user groups. User mode 1 aimed to address the basic
needs of the elderly without technology experience living at
nursing homes. User mode 2 was targeted to a more active user
group that still lived on their own, but with nursing or home
help support. Some of the most advanced functionalities had
been closed to make the device easy to use for people without
technology experience. The aim with user mode 3 was to provide
full possibilities for mobile communication (text messages,
email, sending pictures, etc) for a cognitively active senior living
on their own, with or without support from the municipality.
These target groups were handled in different studies.

The participants were not randomly selected from the intended
user population. Instead, the recruitment process of the
participants of this study was handled by the senior center,
following the stated requirements: the seniors should be capable
of using the functionalities of a computer or a mobile phone,
but for different reasons not wanting to communicate through
these devices. Some technological skills and experiences were
required as this participant group was selected to provide the
development company with as much input as possible to the
design phase of new services. A total of 8 seniors volunteered
and fitted the description of user mode 3. They were between
65 and 80 years of age and lived alone in their own homes. The
seniors were not acquainted, but they lived in the neighborhood
of the senior center and had visited the center previously, where
the advertisement for this project was posted. They all
volunteered to test the services and they consented to participate
in the study.
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Figure 1. The communication device, a prototype called ippi, connected to the TV-set.

The Study

Setup
The participants were recruited by the senior center where an
information booklet about the project and one device had been
placed. Interested seniors could read about the project and try
out the device before deciding to participate. Before the
participants were given a device to bring home, they were
offered introductory information and an education meeting
aiming to create comfort and curiosity of the device and its
services. Each participant was given a device, installed it at
home, and started to use it with full access to all functionality.
There was also one device at the senior center that was used
when the group met at the center. The staff at the senior center

also used their device for communication with the senior user
group.

Most of the seniors installed the device at home by themselves.
The ones that needed help had plugs on the TV set in places
that were difficult to reach. At the beginning, support was given
by staff from the senior center. Second line support was given
by the development company during the entire project.

Throughout the 1.5 year-long project, 10 evaluation workshops
were held with the seniors and the staff at the center. Two
development workshops were held with the development
company and researchers. Formative qualitative evaluations
consisted of two parts:
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1. Design workshops (n=7) to evaluate existing services and
suggest improved functionality of the device and interaction
with the services.

2. Future workshops (n=3) to get user contributions for the
design of new meaningful services.

Part 1: Design Workshops
The seven design workshops were held approximately once a
month and lasted for two hours including a coffee break.
Seniors, researchers, staff from the senior center, and
representatives from the developing company participated. The
design workshops were entirely user-centered and the main goal
was to gather the seniors’ demands for improved functionality
and interaction with respect to existing services. The seniors
and the staff were very active during the workshops, where a
large focus was placed on the participants’ questions and
demands regarding the device and its services.

All workshop occasions started with a discussion where the
participants had the opportunity to ask questions about the
device and its usage. Feedback was given by the developers
both by explanations and on-site education of existing services
and by iteratively shown refinements in new demos of the
services. Improvements related to ease of use were accepted by
the senior group after individual hands-on testing.

The participants also used questionnaires to describe daily usage
of the provided services. The questions covered topics such as
how they had used the device, who/how many people they
communicated with through the device and what they had
learned since last meeting. These questions were walked through
during the workshop and all participants answered or
commented from their perspective. During the discussions, one
researcher took notes and wrote down the participants’ answers
and other issues that evolved in the discussion. At each
workshop, data gathered in the previous workshop was
discussed. The aim was to establish a correct understanding of
the participants’ ideas and issues. At the end of the design
sessions a longer questionnaire was filled in. It gathered
information about the participant’s present usage and bridged
to the desired future usage. The questionnaire also contained
questions about how often/when they used the device, about
attitudes towards usage (eg, if it was fun to use the services and
why).

The main goal with the workshops was to gather user
information in order to improve the device and its functionality.
The discussions did not contain sensitive or personal questions,
so we are rather persuaded that the participants shared their
thoughts with the only intention to improve the product. Many
suggestions for improvements were given, and it is not likely
that biases like the “Hawthorne effect” played a major role. On
the contrary, the focus was on improvement of a novel device
and the users were aware of that their mistakes and
misunderstandings were valuable information for the developers.
The frequent meetings also contributed to an atmosphere were
the participants felt comfortable when being negative towards
the technology.

The approach was qualitative and analyses were inspired by the
constructivist grounded theory method [16]. The material was

analyzed and coded based on gathered notes and written answers
from the participants. Concepts were interpreted and categorized
by the researchers and handed over as summarized improvement
opportunities to the developers.

Part 2: Future Workshops

Overview

In the last three workshops, the main focus was to move from
improvements of existing services to the design of new
communication or social inclusion services.

The future workshops were conducted to cover the process from
user requirements to prioritization of suggested services by the
seniors. They consisted of five phases, performed with different
participant groups, both with seniors and with the project
management group. To visualize new services for other users
than “myself” more easily, the seniors were instructed to create
three “personas” [17], which they later used as representations
of other types of seniors.

Phase 1: Future Workshop at the Senior Center

The first phase consisted of a brainstorming session on how to
use the device in the future using post-it notes with seniors and
the project team. The only limitation of the exercise was that
the proposed services should fall within the following areas:
cognitive activities, social activities, and/or physical activities.

Phase 2: Categorization and Detailing of Future Workshop
Material

The material from phase one was categorized and subgroups of
services were created. Where needed, details were added to
concretize the services. The categorization was performed by
the project management team and led to over 50 proposals for
various new services based on the suggestions from the seniors.

Phase 3: Feasibility Prioritization

The third phase consisted of a project in-house seminar on
project priorities among suggested services with a focus on
feasibility, with respect to content and cost.

Phase 4: Future Services Prioritization Based on Potential
Value for the Seniors

The fourth phase regarded prioritization by the seniors. Based
on the 17 services that passed phase 3, the purpose was to let
seniors choose the services that they considered most valuable
to realize.

Phase 5: Concluding Validation Workshop

As the last phase of the future workshops, both participants of
the workshop series and other senior stakeholders were invited
to prioritize amongst the 17 services left. The results of this
concluding validation workshop are described below.

Results

Part 1: Design Workshops

Usage
The device itself was tuned during the workshop period, and
the users considered it “stepwise more easy to use”, both
regarding functionality of the device and the interaction with
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the services. Regarding daily usage, the seniors reported that
they mainly used the service of receiving and replying to
invitations of events from the senior center. The staff at the
center sent out a schedule for each week and the messages
provided a direct contact with the seniors. This also helped the
center to plan and improve publicly given events.

Furthermore, the participants used the device for communication
with other study participants or with younger relatives. They
also played games as Memory and Sudoku, and they liked to
answer quizzes. Finally, the seniors enjoyed performing the
weekly-distributed workout exercises.

Both the weekly workout exercises and the quizzes were services
that were introduced and tested during the project. These
services were developed in an iterative way based on suggestions
from the seniors, aiming to encourage individual physical and
cognitive wellness.

To Increase Future Usage
The seniors desired multiple services that they found attractive,
in order to use the device more often. The hardware of the device
was criticized by some users as being too old-fashioned. The
text input mode was too cumbersome and the navigation within
and between the services could be made more explicit. Finally,
the participants pointed out the importance of keeping intact
the already existing possibilities to communicate with children,
grandchildren, and friends.

Attitudes Towards Acceptance and Usage
One of the questionnaires regarded the seniors’attitudes towards
using the device and its services (Table 2). The questions were
inspired by factors known to contribute to acceptance of an
innovation [15]. The questionnaire used a numeric scale and
the results are presented in a descriptive statistical manner. The
generated results are not generalizable as such, instead they can
be regarded as indicators of how the device was accepted and
used by these novel users.

The results regarding attitudes towards acceptance and usage
showed that the seniors thought it was quite easy to use the
device and they managed to perform the actions they wanted
to do. However, this could to some extent be explained by the
frequent sessions at the senior center were they could get
support. Nevertheless, a positive result was that the device was
used and that the seniors felt that it fulfilled its purpose. Finally
there were questions regarding to which extent they talked to
others about the device and their usage. The aim with these
questions was to understand whether the seniors were proud of
having this device. The answers here were highly rated (4 of 5)
and a conclusion could be that the seniors felt they had access
to something new and useful, and that being a part of this
development process was something they wanted to tell other
people about.

Table 2. Attitudes towards using the device and its services.

RatingScale: 1=low ; 5=highQuestion

3.31=Not fun at all; 5=Very funDegree of fun to use the device

1.71=Very easy; 5=Very hardDegree of easy/hard to use the device

4.01=Not at all; 5=To a great extentDegree of success in doing what they wanted to do with the device

4.01=not at all; 5=To a great extentDegree of telling others that they had this device

3.31=not at all; 5=To a great extentDegree of telling others why/ how they used the device

Part 2: Future Workshops
The requirement list of new future services resulted in
improvements of three categories of services: cognitive, social,
and physical activities. Desired future services contained news
in general but in particular local news, about events to happen,
or recaps of happenings. Therefore the participants also invented

a new category “information and news”, since they lacked
senior-customized global and local news services, as well as
municipality information about local events like lectures or
cultural events, suitable for seniors. The entire future workshop
process resulted in the high-priority proposals highlighted in
Table 3.

Table 3. High-priority proposals from the future workshops.

DetailsCategory

Memory matrix: a game for practicing the working memoryCognitive activities

Quizzes with stepwise clues (like in magazines)Social activities

Different multi-player games: to compare yourself with other users’ results

Cooking tips: daily or weekly menus.

Low impact workout: gymnastic exercises for seniors/elderly (Figure 2)Physical activities

Guided walking routes: discover your neighborhood

Senior-customized news from the municipality (or other service providers)Information and news
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Figure 2. An example of a workout instruction for seniors; push-ups. This kind of illustration of the workout exercises (using a baby instead of an
adult) was appreciated by the seniors.

Discussion

Principal Findings
To summarize the results regarding daily usage, the seniors
reported that they used the service for communication with the
participants in the group or with younger relatives. This is in
line with previous results showing that the use of information
technology increases social interaction [1,2]. The seniors also
reported that they used the service for receiving information
from the senior center, and to read information about events at
the senior center. Furthermore they liked to perform a
weekly-distributed workout exercise, and they played games
such as Memory and Sudoku using the device. The service
development focused on three categories of services: cognitive
activities, social activities, and physical activities. The material
was prioritized based on the seniors’ ideas of usefulness and
the developers’ feasibility studies. A cognitive activity service,
found meaningful to develop, was a game for practicing the
working memory. In the social activities category the seniors
wanted different quizzes and multi-player games. For physical
activities the seniors desired more workout exercises and
suggestions for guided walking routes. A new category
“information and news” was suggested since they lacked
services like senior-customized global and local news.

Reflections Regarding the Study Setup
As already mentioned, the participants iteratively filled in
questionnaires during the project. At the concluding workshop
the participants described their overall experiences, both with
respect to the latest version of the device and with respect to
the overall impressions about the project.

Hands-on work with innovations is never easy and often
time-consuming in the start of a user-centered project, but it
pays off in the long run if the user feedback is thoroughly
handled. The group format with the senior participants was a

good method to learn about what worked and how to improve
the intervention. In each workshop the users’ reflections were
gathered and brought into the development process. Both this
study and other research [14,18] showed the importance and
the benefits of using older people’s knowledge and experience
in the development of new products.

Developers from the company participated in all workshops
with the seniors. When working closely with researchers and
users, the developers improved their understanding of the
potential users and the real usage context. In this case the
researchers’work was to support direct communication between
users and developers rather than gather material to hand over
to the non-present developers. If the developers would not be
present at the workshops, much explanation time would be
consumed and a real understanding for the users’ needs and
preferences could be lost.

It is imperative to let the refining and detailing work of the
services take its time in the project management group
(developers and researchers) in order to avoid
misunderstandings, based on different views of what the seniors
actually desired. It is difficult to put one’s technical skills aside
to fully understand the needs and wishes of so-called
non-technical users. Feedback from the seniors was necessary
to ensure that their needs were properly understood, as well as
the need of an iterative development method to handle
suggestions of improvements and new services. During the
project, new services such as workout exercises, memory
training, and quizzes were implemented thanks to the demands
from the seniors.

The seniors’ usage of the device and the services were also
practical hands-on work. They had an own device at home and
access to the device at the senior center for learning purposes,
either together with the staff or with other participants in the
group. In short, the seniors had access to both the technology
any time they wanted at home, and several channels to get
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support. We are persuaded, that having access to the technology
at any time, the possibility to get support easily, and frequent
sessions with the developers are most important aspects in
successful technology development.

Furthermore, it is crucial to have frequent access to the
technology to be able to integrate the usage in one’s life [15,5].
Only when the technology is used in a realistic way, based on
specific needs, will useful and correct feedback be given [18].
The frequent meetings also provided the possibility to get to
know each other and created an environment where all
participants in the quadruple helix-team could suggest changes
freely. It was evident that this team was working hard together
towards a common goal to improve the device as much as
possible.

It was also evident that a novel device cannot be perfect from
the beginning. It has to be iteratively refined, tested by relevant
user groups, and evaluated by future users. Often technology
can be rejected based on a tiny aspect. Good communication
with future users and usage observations makes it easier to
detect these aspects and remove potential problems. A benefit
of the work in a quadruple helix-constellation like this is that
the developers get a deeper understanding of why certain
changes need to be performed to reach good usability of a
product.

Social Inclusion
This work provided input to the development of different social
services and it showed increased social contacts, especially with
grandchildren. Besides input to the design of new services, for
example providing local information and support for physical
activity, this work showed the importance of a social context
around such a study. The seniors were very engaged throughout
the project. The amount of input from the seniors could be
explained in terms of social inclusion; they belonged to a group
and each member was considered important for the work. The
friendly workshop atmosphere facilitated new ideas and the
work with redesigning the services.

Between the monthly held workshops, the seniors decided to
meet on their own for doing their “homework” and to share new
knowledge. The seniors appreciated that they could learn the
technology together with other participants who were at the
same level. The user group has also been welded together
socially and, thanks to the project, they now socialize privately
and agree on having made new friends.

The perception among the seniors was that it was exciting to
participate in a process where new technology was designed
and developed. Participation also seems to have opened up the
participants' interest in technology beyond this device and its
services. One of the participants believed that she had become
more confident to handle the DVD to the TV, a spillover effect
of daring and learning new things within this project.

The importance of active participation in the society, even
without using a computer, has also been identified in the project.
A senior got a job via the device because she had an email
address through which she was contacted. Using an email
address connected to the TV, non-computer users are also
represented in the digital world. Regarding development of

digital cultures, there is a possibility to decrease the amount of
“socially and technically excluded” (no access available) or
“expelled” (forced to live without Internet) groups of people,
as defined by Wyatt [19], just by providing devices like the one
tested in this study.

Future Work
In this project we gained insight on a number of positive social
aspects. Some were planned for and others not. One future
interesting design aspect to be further investigated is how social
benefits (and other benefits) can be used in the design process
in a more structured way, and how the process itself can fulfill
human needs. This will in the end also lead to even more
engaged participants managing to provide improved input to
the design process.

We have earlier been working with similar settings in other case
studies (eg, [13]) and again, we noticed how valuable the
researchers’ mediation is during communication between
different stakeholders. The translation or mediating activities
create a mutual understanding. An interesting area to be further
investigated is how the direct communication between
participants and developers can be taken one step further.

We would also like to study how the method for prioritization
could be refined. In this work we had a number of services that
the users rated on a usefulness scale and the developers on a
feasibility scale. The results were put in a diagram with two
axes. We believe that this process/method could be further
developed towards an efficient tool for service development
and evaluation.

Another interesting task will be to ensure creation of win-win
situations in the beginning of a quadruple helix project. It is
evident when a project like this ends, that it has increased
knowledge in the various stakeholders’organizations. However,
being able to actually measure project goals related to the benefit
and win-win situations is rare as that kind of project goals often
lack in a project plan. Stated and measurable win-win situations
and explicit benefit would probably aid when spreading this
method further.

The work performed in this study, together with the other three
studies in this project, tried to define potential users based on
specific user requirements for this novel device [8]. It would
be interesting to test this device in another context, for example,
in stroke patients’ care and rehabilitation. In rehabilitation, it
is common that elderly patients’ contacts with caregivers after
some time become less frequent. Both parties suffer when they
receive too little information and consequently proper follow-ups
are missed [20]. New channels of receiving information and
new ways to communicate will probably increase the
possibilities for elderly to be more active in their own care and
rehabilitation.

Concluding Remarks
The aim with the project was to develop services and
functionalities that meet the needs among seniors, both today
and in the future. Throughout the project new services have
been introduced with the purpose of being useful for seniors or
elderly people living in their own homes. Based on a
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user-centered approach and an iterative development process,
the services and the functionalities were a result of this specific
context, with this group of seniors, developers, and researchers.
The outcome was specific for this context and hence, the results
are not generalizable. However, use of personas and a careful
recruitment process seeking to find representatives of potential
future users is in line with previous research [10,17]. Therefore
it is fair to claim that the results can be regarded as important
indicators of a useful development approach where the aim is
to develop technology that is of instant benefit for the user
group. The local recruitment of seniors that were interested in
the device also placed a focus on the motivational aspects. One
explanation to the participants’ engagement is that they were
individuals that found this task relevant and interesting. People
are different and have different needs; we believe it is important
to develop technology with and for people that find the services
meaningful rather than trying to develop towards specific target
groups, without their engagement in the development process.

Another important aspect in the development is to actually
understand the context around the users and make sure that the
developers understand this context as well. Our results seem to
be cost-effective when developers meet groups of users rather
than getting second-hand information. When the developers are
a part of the workshop, a source for rich information about
context and needs arises that can only be conveyed by similar
approaches. Participation makes it easier to develop the right
product from start, or at least getting as close as possible.

To summarize the successful outcome of the project, the seniors
were given a number of new, essential, services as described
above. Most important from a socio-technical development
perspective is that the participants enjoyed using the device,
they participated to further develop it and they wanted to
continue using it after the end of the project.
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Abstract

Background: Public universities in Saudi Arabia today are making substantial investments in e-learning as part of their
educational system, especially in the implementation of learning management systems (LMS). To our knowledge, this is the first
study conducted in Saudi Arabia exploring medical students’experience with an LMS, particularly as part of a medical informatics
course.

Objective: This study investigates students’ use of various features of the LMS embedded in a recently implemented medical
informatics course.

Methods: A mixed methodology approach was employed. Survey questionnaires were distributed to all third year medical
informatics students at the end of the course. In addition, two focus group sessions were conducted with twelve students. A
thematic analysis of the focus group was performed.

Results: A total of 265 third year medical student surveys (167/265, 63% male and 98/265, 37% female) were completed and
analyzed. Overall, 50.6% (134/265) of the students agreed that the course was well planned and up-to-date, had clearly stated
objectives and clear evaluation methods, appropriate course assignment, and that the LMS offered easy navigation. Most of the
students rated the course as good/fair overall. In general, females were 10.4% more likely to prefer the LMS, as revealed by
higher odd ratios (odds ratio [OR] 1.104, 95% CI 0.86-1.42) compared to males. Survey results showed that students’ use of LMS
tools increased after taking the course compared to before taking the course. The full model containing all items were statistically

significant (χ2
25=69.52, P<.001, n=243), indicating that the model was able to distinguish between students who had positive

attitudes towards LMS and those who did not. The focus group, however, revealed that the students used social networking for
general use rather than learning purposes, but they were using other Internet resources and mobile devices for learning. Male
students showed a higher preference for using technology in general to enhance learning activities. Overall, medical student
attitudes towards the LMS were generally positive. Students also wanted a reminder and notification tool to help them stay updated
with course events. Interestingly, a subset of students had been running a parallel LMS of their own that has features worth
exploring and could be integrated with an official LMS in the future.

Conclusions: To our knowledge, this was the first time that an LMS was used in a medical informatics course. Students showed
interest in adapting various LMS tools to enhance their learning and gained more knowledge through familiarity with the tool.
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Researching an official LMS also revealed the existence of a parallel student-created LMS. This could allow teacher-led and
student-led platforms to be integrated in the future for an enhanced student-centered experience.

(Med 2.0 2013;2(2):e13)   doi:10.2196/med20.2735

KEYWORDS

medical education; medical informatics; learning management systems (LMS)

Introduction

Around the world, medical schools are embracing e-learning
technology in their curriculum. In 2011, the forum “A 2020
Vision of Faculty Development across the Medical Education
Continuum” addressed how medical schools should prepare for
the changing role of medical education [1], and concluded that
a key focus should be the digital environment. This was based
on factors such as the explosion of new information, digitization
of both medical knowledge and paper-based records, students
who are digital learners, and the emergence and proliferation
of instructional technologies [1].

The study of e-learning focuses on the use of computer and
communication technology to deliver teaching and foster
learning [2]. A learning management system (LMS) is a type
of software that allows educators to provide course materials
and monitor, manage, and interact with students. An LMS can
increase the effectiveness and efficiency of teaching in medical
schools [1,3] through ease of access, better utilization of content,
increased retention rate [3], cost-effectiveness [2], and learner
satisfaction. In this study, it is not our intention to compare
traditional and online learning approaches; rather, we want to
emphasize the fact that the LMS is complementary to traditional
face-to-face learning and is best used in a blended approach.

In the Kingdom of Saudi Arabia, public universities are making
substantial investments in e-learning as part of their educational
system. King Saud University (KSU) introduced the Deanship
of e-learning and Distance Learning in 2010 [4,5]. All courses
became available through the LMS via Blackboard (a
commercial LMS system) in the same year. Subsequently, the
College of Medicine established the medical informatics and
e-learning Unit (MIELU) [6] to introduce and promote the use
of e-learning among medical educators and students. Training
was conducted in stages, but there was still a lack of enthusiasm
among educators for full-fledged embedding of the LMS in
their courses. Although most courses do now use LMS to upload
lecture notes, post announcements, and deliver test grades, most
do not take advantage of the other interactive tools offered by
LMS, such as conferencing facilities, chat rooms, discussion
boards, and evaluation tools for tests and surveys [6].

As such, our unit, MIELU, undertook an initiative to revamp
the Introduction to Medical Informatics course, a third year
compulsory course, in order to incorporate and exploit the full
range of tools offered by the LMS. The revised course applies
“blended learning”, meaning that it combines both face-to-face
and online learning [2]. We injected other LMS tools such as
online discussions and online quizzes to maximize the learning
experience for students.

Despite the supportive environment, instructors found that
integrating an e-learning approach continued to pose various
challenges, despite medical students being assumed to be “digital
natives”. Thus, the other important aspect of our study was to
explore the extent to which Saudi students use digital
technologies in their daily lives.

Prensky coined the term “digital native” to refer to people who
were born into the digital era and have been exposed to
computing technologies since childhood [7]. The digital native
works with and around technology almost constantly; this
generation may therefore be far more adaptable to e-learning
technologies than the “digital immigrant,” which describes most
current instructors’ generation.

A study by Jhaveri et al showed that medical students who are
digital natives explore different search engines when doing
coursework, use various social media to stay current with
medical knowledge, and participate in blogging to promote
medical discussions [3]. There is also a support from recent
study among dental students that indicate they are using
smartphone and tablets to learn [8]. There is an assumption that
all students are of this new generation of learners and so, as
they enter higher education, universities are employing online
learning technologies to meet the presumed needs and
expectations of these “digital natives” and enhance their learning
experience [1].

Although in general there has been a shift towards e-learning
within this “digital native” generation, Prensky further matured
his concept to “digital wisdom” [9], described as the ability to
use digital technology to complement existing abilities and
decision-making. Today’s health care learners embrace online
learning due to convenience and usability factors [10]. Digital
wisdom de-emphasizes age and implies that it is a skill that can
be learned by anyone. This is a better match to our experience
in the medical informatics course, wherein students seemed to
demonstrate their mastery in informatics when they have
completed their final project in this course.

Implementing LMS tools in a medical informatics course is a
novel study in the Gulf region because only a few medical
schools here include medical informatics in their medical
curriculum. The medical education curriculum environment is
ever changing and evolves from year to year. Together with the
e-learning tools revolution, this makes the present study highly
relevant to the body of literature. The present study also clarifies
areas that should be targeted in order to further promote
embedding the LMS in the College of Medicine.

In this study, we investigated the use of an LMS among medical
students on a medical informatics course and the issues and
challenges they faced. To our knowledge, there were no previous
evaluations of how well medical students are adapting to and
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using these tools. We also explore how our students use online
tools in their daily life to better understand their translation into
an educational environment.

Methods

Research Context: Medical Informatics Course
The introduction of medical informatics into the medical
curriculum is relatively new in the Gulf region. This course was
introduced as a compulsory course for medical students at KSU
two years ago. Its goals are (1) to inform students about current
trends in medical informatics as it applies to health care, and
(2) to expand students' awareness of the ways in which
information technology is used in day-to-day medical work.
Two factors made medical informatics ideal to incorporate the
LMS. The first is the nature of the medical informatics field
itself, which involves information and communication
technology; the second is that most of the instructors for this
course have a strong technical background and are experienced
with various e-learning tools.

The course is taught through face-to-face lectures over 20 weeks.
We deliver one online lecture through Flash presentation. All
course materials, assignments, and quizzes are delivered via the
LMS. The LMS is accessible via PC, laptop, and mobile devices
(Figure 1). It is also available in both Arabic and English.

In terms of pedagogical approach, the course uses problem-based
and hands-on learning. Students participate in live and online
discussions, complete an article review assignment, conduct a
field study, and attend workshops. We distributed 5 discussion
questions (scenario- and problem-based) and students conducted
small group discussions using the LMS. For one of these, the
group summarizes their discussion and posts in the common
forum area. This way, all groups can participate in discussions
without interrupting the small group dynamics. Using the virtual
class space, students were able to critically discuss pertinent
topics by posting their writings, justifying their opinions, and
commenting on their classmates’ ideas in a systematic manner
[11]. Article review assignments were also completed on an
individual basis. We posted 100 relevant medical informatics
papers and each student summarized and critically assessed an
article.

The LMS plagiarism checker tool was used to monitor the article
review assignment. Students received instant plagiarism results,
including links to similar texts found online. Online quizzes
were conducted, allowing students to take the quiz anywhere
within a prescribed date range and length of time. Students also
had to conduct a field study project in groups. Each group visited
one department or organization that used informatics and they
conducted interviews to gain insight into the usage of the system
and its challenges. The projects took the whole of the second
semester and at the end each group presented their work
formally to the instructors and invited panels from outside the
university for evaluation [11]. In addition, students attended
five compulsory workshops covering DxR Clinician, a
Web-based simulation software for medical education, picture
archiving and communication system (PACS), the hospital

information system, and a mobile version of evidence based
medicine.

Survey and Statistical Analysis
We employed a mixed methodology approach, beginning with
a course-wide survey of all third year students studying at the
College of Medicine, KSU, Riyadh.

The survey was administered at the end of the final examination
in the medical informatics course. The instrument was a
structured questionnaire in English. We were not able to find
similar work on LMS and medical informatics courses; however,
we adapted some existing course evaluation forms. The survey
included the following sections: (1) general demographic and
academic information, (2) course rating, (3) perceptions about
the course, (4) e-learning (LMS-Blackboard) utilization, (5)
attitudes towards e-learning, and (6) proficiency in
Internet/online tools. Each of the 6 sections contained 3 to 11
questions using a 5-point Likert scale (strongly disagree to
strongly agree).

The survey data were collected and entered into a computer
using standardized entry codes. For all tests, statistical
significance was set at P<.05. Descriptive statistics were used
to generate means, standard deviations, and percentages. In
addition, t test (unpaired and paired) was employed to compare
group variables by gender. Variables were then re-categorized
into fewer groups to conduct further tests so that results could
be interpreted meaningfully. We assessed the relationships of
student attitudes towards e-learning using binary unconditional
multiple logistic regression analysis based on gender. All the
selected variables were converted into binary data
(disagree/agree).

For multiple variable analyses using logistic regression, we
constructed a dataset that contained only complete responses
(n=243) for all relevant variables, discarding any surveys that
had missing values for any of the variables involved in the
regression analysis. This strategy was adopted to maintain
comparability between models so that they could be developed
from the same denominator. All analyses were conducted using
SPSS version 21 (SPSS Inc, Chicago, IL). Logistic regression
models were presented in graphical form using
OpenMeta[analyst] version 4.24.13.

Focus Group
To complement the survey, in-depth focus group sessions were
conducted. Arrangements were made with student leaders to
recruit 10 to 16 students in two separate sessions. The purpose
of these was to investigate how students used the LMS in
medical informatics; the open format allowing participants to
debate the pros and cons. Focus groups also allowed us to
observe the interaction among group members [12,13].
Participants were encouraged to communicate freely with each
other, exchanging their experiences and commenting on each
other’s stories [12,13]. Kitzinger stated that the number of focus
groups can vary from 6 to 50 for a research study; however,
some studies conduct only a few focus groups [12,13].

In preparation, we created a topic guide for the focus group
moderator. The first author, NZ, served as moderator. The topics
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for discussion included issues and challenges of using the LMS,
and how students overcame any struggles. We used a digital
recorder to capture the focus group sessions.

The focus group session began by asking participants to fill out
a form containing three questions asking them whether LMS
can help achieve their educational goals, what the important
skills required to use LMS are, and what challenges they faced
when using the LMS. The moderator then gave a briefing on

what was expected from the respondents during the focus group
discussions. Next, the students discussed various interactive
LMS features such as the group discussion board, online quizzes,
plagiarism checker, and grade center. Students were encouraged
to discuss the challenges encountered with each component and
what steps they took to overcome the challenges. Thematic
analysis was employed to elicit important themes that would
represent the issues and challenges faced by medical students
when using LMS.

Figure 1. Top panels: A snapshot of LMS page for Medical Informatics course via laptop. Bottom panels: A snapshot of LMS page for Medical
Informatics course via mobile device.
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Results

Statistical Results
For this study, there were 265 third-year medical students who
participated (167/265, 63.0% male and 98/265, 37.0% female).
The mean age of all students was 20.3 years (SD 3.7), although
mean female age (mean 21.2, SD 0.66) was significantly higher
than mean male age (mean 20, SD 4.32) (Table 1). The average
score achieved in the medical informatics final examination and
overall cumulative GPA were 15.58 (SD 2.25) and 4.37 (SD
0.43) respectively for both genders combined (Table 1). On the
other hand, female students had statistically significant higher
scores in the medical informatics course (P<.001) as well as
overall cumulative grade point average (Table 2). The student
ratings indicate that about, 84.9% (225/265) found the overall
course is “fair” and above. When asked about the course content,
83.8% (222/265) students agreed the content is “fair” and above
(Figure 2). For the overall medical informatics course, only
14.0% (37/265) students said the course was “poor” (Figure 2).
Overall, almost half of the class (50.6%, 134/265) agreed the
course was well planned and up-to-date, course expectations
were clearly stated, clear evaluation methods were used, course
assignment were appropriate, and navigation on the LMS was
easy (Figure 3-6).

Students in the present study did not show any significant
difference with regard to gender or uses of the LMS except in
downloading content and in sending email via the LMS. These
features, however, were not frequently used (Tables 3 and 4).
The online quiz was the LMS feature most often used by the

students, as it was compulsory. It can clearly be observed that
students’ LMS use and its incorporation into their learning
significantly increased after introduction of the medical
informatics course into the curriculum.

In order to understand the attitudes of medical students towards
LMS based on gender, we performed multiple logistic
regressions. The model contained 25 independent variables
(attitudes and digital natives section). The full model containing

all items were statistically significant (χ2
25=69.52, P<.001,

n=243), indicating that the model was able to distinguish
between students who had positive attitudes towards LMS and
those who did not and correctly classified 83.7% of cases. The
model is presented in Figure 7, and shows that, out of 25 items,
13 were more positively received (rated as highly agreeable)
by female students as compared to male students.

The highest agreement among female students was on “using
e-learning”. Analysis found that e-learning (specifically
LMS-Blackboard) was 6.27 times (odds ratio [OR] 6.27, 95%
CI 1.75-22.40) more likely to be used by female students as
compared to male students. Similarly “course content” and
“course assignments” were generally liked by female students.
One interesting finding was that female students primarily used
the Internet to chat with friends and family and to learn new
activities other than medical education, while male students
used the Internet primarily for learning activities. Male students
also used Blackboard more for learning as compared to female
students. Male students’ attitudes showed that they liked the
e-learning (LMS) aspects of the course and reported LMS as
beneficial (Figure 7).

Table 1. Student performance in medical informatics course.

P valueMean (SD)Item

.01220.32 (3.73)Age

<.0014.37 (0.43)Cumulative GPA

<.00115.58 (2.25)Final score in medical informatics course

Table 2. Student performance in medical informatics course by gender.

Female, mean (SD)Male, mean (SD)Item

21.2 (0.66)20.0 (4.32)Age

4.5 (0.28)4.25 (0.47)Cumulative GPA

17.24 (1.63)15.23 (5.3)Final score in medical informatics course
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Table 3. Student use of LMS features after the medical informatics course.

P valueMean (SD)Item

.9913.32 (1.37)Discussion board to ask questions

.6533.16 (1.4)Discussion board to get answers

.2913.55 (1.21)Safe assign to check work

.5334.13 (0.91)Online quizzes

.2023.39 (1.31)Read announcements

.2313.89 (1.14)Upload content (HW, Project, Papers)

.0293.72 (1.19)Download content (HW, Project, Papers)

.2622.35 (1.41)Play Flash presentation

.0421.77 (1.30)Send emails via Blackboard

.1161.71 (1.3)Receive emails via Blackboard

.3403.1 (1.25)Overall

Table 4. Student (by gender) use of LMS features after the medical informatics course.

Female, mean (SD)Male, mean (SD)Item

3.34 (1.34)3.33 (1.45)Discussion board to ask questions

3.2 (1.34)3.12 (1.5)Discussion board to get answers

3.5 (1.2)3.67 (1.27)Safe assign to check work

4.16 (0.92)4.1 (0.92)Online quizzes

3.33 (1.31)3.55 (1.3)Read announcements

3.83 (1.13)4.01 (1.16)Upload content (HW, Project, Papers)

3.61 (1.22)3.95 (1.12)Download content (HW, Project, Papers)

2.45 (1.14)2.24 (1.4)Play Flash presentation

1.91 (1.36)1.57 (1.18)Send emails via Blackboard

1.91 (1.36)1.57 (1.18)Receive emails via Blackboard

3.12 (1.23)3.11 (1.25)Overall

Figure 2. Students' perception about the course.
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Figure 3. Course planning and uptodate, pertinent & comprehensiveness of content.

Figure 4. Course Expectation and evaluation methods.

Figure 5. Appropriateness of course & navigation of LMS.
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Figure 6. Overall perception about the course.

Figure 7. Relationships between student attitudes towards LMS and their Internet proficiency (Logistic Regression model [OR 95% CI, N=243 full
case data only] modeling odds for female vs male).

Focus Group Results
From the focus group, we found that most of the medical
students reported that they used multiple resources to help with
their learning. Referring to recommended textbooks was a core
resource, but they also reported using search engines such as
Google to familiarize themselves with the course content. When
asked about the interactive tools on the LMS, the participants
said it allowed them to learn new computer skills and writing
skills. For computer skills, even though they reported being
used to computers, they discovered new and useful tools in the
LMS. They learned on their own and sought help from peers to
resolve any technical issues.

In terms of writing skills, they felt that through the online
discussion group they were able to write on specific topics and
give comments to their peers. Students did report some technical
issues when using the discussion tool, such as difficulties in
creating new threads for new discussions, visibility of group
members, and formatting of text in the discussion group posts.
Again, they found technical solutions through their classmates.
One method of getting help from their classmates was to forward

screenshots of the LMS site problem to their classmates via
email.

The students found the online quiz feature helped them to
appreciate the LMS in their studies. They felt that the freedom
to take the quiz anywhere and at any time within a particular
window made it less stressful and they felt less panicked about
taking quizzes. They liked the fact that there were no
disturbances (eg, no proctors reminding them about the time),
and reported that this helped them to complete their quizzes
with ease. They also liked the fact that they were able to get
their results immediately after the quiz. However, even though
most of them preferred online quizzes to paper-based quizzes,
they also said that when they encountered technical difficulties
while taking the online quiz, they felt panicked. Another feature
they liked was the PowerPoint with audio (using Flash) whereby
they could view the slides multiple times and at their
convenience to review the lecture content.

In general students said that after some time using the LMS,
they were able to cope with this new online environment. They
emphasized the importance of getting training on the system
early in the semester and of the course coordinator clarifying
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the expectations regarding online assignments. They expressed
the hope that all courses in the College will eventually use the
LMS so that they can continue to adapt it into their daily
academic lives. Some of them mentioned that they prefer
lecturer-student communication to be done within the LMS
email system so that they can better organize their learning in
a single place, while others prefer using their regular email
system. The one feature that they wanted was a notification
service that would inform them about updates and
announcements on the LMS.

Interestingly, it emerged through the focus group that some
students had been running a parallel LMS of their own. The
student representative would approach staff for the latest or
supplementary files to upload onto an independent
non-commercial server that was accessed by a subset of students
to support their learning.

Discussion

Principal Findings
The overall attitude towards the LMS was positive among
medical students in this institution. A significant odds ratio was
found among the female students in regard to their preference
for using the LMS. Interestingly, male students also showed
high agreement in that they reported using LMS for their
learning. Students were clearly using more LMS interactive
tools (eg, taking online quizzes, uploading assignments,
participating in discussion boards, and reading announcements)
by the end of the course than before they took this course. These
positive findings agree with other studies that found that an
LMS was useful when introduced in medical education
[8,14,15].

Significantly, medical students in Saudi Arabia were found to
use mobile phones as much they were using PCs. This is
consistent with previous study results, which showed that this
population have access to mobile phones and find them effective
for learning [15]. It also relates to the study of dental students
who showed to be engaged with e-learning software using
sophisticated high-end devices such as smartphones and tablets
[8]. However, the present study found that students were using
neither the LMS nor social networking for learning despite using
the Internet, PCs, and mobile phones for this purpose. Even
though these students gained digital wisdom through their use
of LMS tools, we found that they take time to adapt new
technologies to learning. Based on the focus group analysis,
students are not as engaged in the LMS because not all courses
in their medical curriculum are using the system. They would
like to see all courses embedded in LMS and official
communications made more readily available. Some of the
students liked the idea of using email within LMS rather than
their personal email. They also wanted a reminder and
notification service that would update them with any news
announcements, assignments and deadlines.

It is possible that the positive attitude of medical students in
embracing LMS was due to the fact that the course content itself
included various technologies that will help them in their
medical careers. For example, electronic health records, clinical

decision support systems, and computerized physician order
entry, all of which are technologies that have been shown to
increase efficiencies in health care. In addition, during the
learning process, the instructors in this course (authors AJ and
NZ) applied various technologies such as Flash video and
e-voting to capture students’ attention to the subject matter.

The discovery of a parallel student-run LMS is not surprising,
given the abilities of our digitally wiser students. Described as
“Edupunk”, using free technology to address specific needs has
previously been incorporated into large university environments
[16]. In addition, prior studies also indicate that students prefer
to have online repositories for efficient access to learning
resources [10]. This is an exciting opportunity for further
research work to explore by us. Exploring which features
students are duplicated as well as identifying additional LMS
features will give more insight into their utility and student
preferences. The teacher-led and student-led LMSs could also
be integrated in the future in order to better serve all students.
This would also enable the more digitally wise students to
contribute to the delivery of the course and expand their skills,
thus providing a more student-centered approach and
maximizing learning across students of varying ability.

Graz University in Austria propose a combined Student Centered
e-Learning (SceL) approach where students explore e-learning
tools by themselves in a supportive enviroment [17]. Through
this, students have been shown to gain “personal values” such
as flexibility, self-confidence, and social skills. They present a
case study of a computer science course to highlight how both
students and teachers gain from SceL. The researchers
emphasize “personalization” and “creativity” as the important
ingredients for the LMS. Personalization focuses on user needs
while creativity allows educators to explore new pedagogical
approaches [16].

Limitations
First, the study was conducted in only one medical college,
though it is a well-reputed medical college in the middle-eastern
region and includes students from all of Saudi Arabia as well
as regional students. This could be considered a limitation.
Second, due to the lack of related studies and standardized
surveys on this topic, we had to design our own questionnaire.
Since this is the first time the questionnaire has been used, that
could also be considered a limitation. The questionnaire could
be expanded to yield a more precise evaluation of student
attitudes, perception, and feedback regarding e-learning and
LMS .

Another aspect that we did not explore in this research is the
extent to which students have been previously exposed to
technology [18]. We did not measure what other devices they
may be familiar with and how this impacts LMS usage.
Holzinger et al [18] describe how elderly users are able to accept
new technology when they can relate to it through metaphors
and to technology they have previously been exposed to.

Conclusions
The present study's findings indicate that most of the students
found the medical informatics course to be organized and has
good content. Female students preferred this course more
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strongly than male students. Overall, we found students were
successful in adapting various learning technologies and
continuously experimenting to make better utilization of the
LMS for their learning. This includes some students using their
own online tools to maintain a parallel LMS. In future, we

expect students will expand their use of the LMS when all
medical courses are fully integrated in LMS. We intend to
further investigate the student-led LMS in order to optimize the
tools we offer our students and involve them in their delivery
for an enhanced student-centered experience.
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