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Abstract

Socioeconomic disparities influence the usage rate of advanced communication technologiesin Canada. It isimportant to assess
all patient interactions with computers and el ectronic devices based on these socioeconomic differences. This project studied the
ease of use of atouch-screen interface program for collecting patient feedback. The interface collected feedback on physicians
communication skills, an important health concern that has been garnering more and more attention. A concurrent paper survey
was used to gather information on the socioeconomic status and the usability of the touchscreen device. As expected, patients
who were older, had lower annual household income, and had lower educational attainment were associated with more difficulty
using the devices. Surprisingly, 94% of all users (representing awide range of socioeconomic status backgrounds) rated the device

as easy to use.

(Interact J Med Res 2013;2(1):e1) doi:10.2196/ijmr.2314
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Introduction

Education and literacy are important determinants of health.
Unemployment, poverty, and poor health are more common
amongst Canadians with low literacy rates [1]. Income and
educational level also influence the usage of the new
communication technology. The use of the Internet by Canadians
isinfluenced by income, education, and age [1]. Thisresearch
project studied the usability of a new touch interface program
for collecting patient feedback. The feedback focused on
physician communication skills[2-5] as part of alarger initiative
to target staff and resident education. Previous studies have
demonstrated patient opinion asareliable proxy for the strength
of physician communication skills [2,3]. This current study
looks at the feasibility of using touch screen interfaces for
patients, examining touch screen use, and socioeconomic

http://www.i-jmr.org/2013/1/el/

RenderX

markers. We wanted to ensure that, prior to implementing touch
screen interfaces more widely, that its use would be equitable.

Methods

The target population of this study was al of the
English-speaking patients over 18 years of age who received
medical care from the 80 Bond Street family clinic in Toronto,
Canada, between January 1 and March 1, 2011. The local
research ethics board approved the study. To assess the usability
of the touch screen interface and to collect the socioeconomic
status data of the sample population, a paper-based survey was
developed and used in conjunction with the touch screen.
Following routine registration, patients were approached in the
waiting room with atouch screen device. A convenience sample
was collected; every patient in the waiting room was
approached. After consenting, patients used the touch screen
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deviceto answer questions on physician communication skills.
Patients were then provided a paper survey inquiring about
device usability. Responses on the paper surveyswere analyzed
using Pearson’s chi-square test without Yates correction.
Statistical significance was set at P<.05.

Table 1. Demographic information of electronic feedback users.?

Zarghom et al

Results

490 patients were approached for the study with a72% response
rate (N=353) representing a broad range of socioeconomic
statuses, while 130 declined and 7 participants were excluded
(non-responders, Table 1). All resultswere patient self-reported.

Category n (%)
Age
<50 224/352 (63.6)
=50 128/352 (36.4)
Gender
Male 168/348 (48.3)
Female 180/348 (51.7)
Income
<50k 168/329 (51.1)
>50k 161/329 (48.9)
Education
No university degree 172/348 (49.4)
University degree 176/348 (50.6)

®note variation in sum of numbers due to non-responders

Ease of Use

Ease of use was a patient self-reported measure. Older age (=50
years), lower income (<$50,000), and lower educational status
(P=.03) were associated with statistically significant difficulty

Table 2. Easeof userating by patients.?

using the touch screen device (Table 2). Conversely, younger
age (<50 years) (P<.001), higher income (=$50,000) (P<.001),
and higher educational status (university/college degree
completed) (P=.03) were associated with significant ease of use
for the touch screen device (Table 2).

Category Very easy/easy Neutral/difficult P value
n (%) n (%)
Age
<50 214/221(96.8) 7/221(3.2) <.001
250 104/127(81.9) 23/127 (18.1) <.001
Income
<50K 114/138(82.6) 24/138 (17.4) <.001
>50K 188/192(97.9) 4/192 (2.1) <.001
Education
No university degree completed 154/175(88.0) 21/175 (12.0) .03
University degree completed 160/169(94.7) 9/169 (5.3) .03

®note variation in sum of numbers due to non-responders

Likelihood of Reuse

Older age (=50 years), and lower educationa status (no
university/college degree completed) were associated with
significant likelihood of not reusing the touch screen device

http://www.i-jmr.org/2013/1/el/
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(Table 3). Conversely, younger age (<50 years), and higher
educational status (university degree) were associated with
significant likelihood of reusing the touch screen device (Table
3).
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Table 3. Likelihood of reuse rating by patients.2
Category Very likely/likely Neutral/unlikely P vaue
n (%) n (%)
Age
<50 193/221(87.3) 28/221(12.7) <.001
250 90/125(72.0) 35/125(28.0) <.001
Income
<50K 131/165(79.4) 34/165 (20.6) 32
>50K 133/159(83.6) 26/159(16.4) 32
Education
No university degree completed 133/173(76.9) 40/173 (23.1) .02
University degree completed 146/169(86.4) 23/169 (13.6) .02

8note variation in sum of numbers due to non-responders

Likelihood to Recommend

Older age (=50 years) was associated with significant likelihood
of not recommending use of the touch screen device (Table 4).

Table 4. Likelihood to recommend by patients.?

Conversely, younger age (<50 years) was associated with
significant likelihood of recommending use of the touch screen
device (Table 4).

Category Yes No P vaue
n (%) n (%)
Age
<50 213/217 (98.2) 4/217 (1.8) 01
250 114/123 (92.7) 9/123 (7.3) .01
Income
<50K 152/162 (93.8) 10/162 (6.2) .06
250K 153/156 (98.1) 3/156 (1.9) .06
Education
No university degree completed 164/170 (96.5) 6/170 (3.5) 75
University degree completed 160/167 (95.8) 71167 (4.2) 75

®hote variation in sum of numbers due to non-responders

Discussion

As one might intuit, our results show that older age, lower
income, and lower educational attainment were factors
associated with significant difficulty using the touch screen
device when compared with those that are younger, with greater
income, and with greater educational attainment. The surveyors
observed that some of the older users, particularly those with
motor difficulties (eg, tremor), seemed to struggle to adapt to
the sensitivity and responsiveness of the touch screen. Older
age was al so associated with lower chances of using the program
infuture visits and recommending the program to others. These
findings point to theimportance of maintaining routesfor patient
feedback other than touch screens—while touch screens present
significant efficienciesin the collection and collation of patient
feedback data, patient equity must also be considered.

While there was a statistically significant difference in the
patient ratings when considering age, income, and education,

http://www.i-jmr.org/2013/1/el/

it should be noted that there was an overall high rating for ease
of use. The participation/response rate was also very high. These
findings very strongly suggest that touch screen technology can
play an important role in acquiring successful patient surveys.
While there is scant research on the use of touch screens in
clinical waiting rooms, the existing literature on human
computer interactions and interfaces supports the increased use
of touch screens[6]. This study was performed in an inner city
clinic, and given the overal high ratings (owing to the
statistically significant findings), the results indicate that using
touch screen technology for patient feedback is feasible.
Furthermore, given the globally high participation rate and
positive results, touch screen technologies might also play a
role in encouraging health consumer equity.

In using a convenience sample, some selection bias could have
been introduced. The study only considered oneclinical setting.
The sample size was also limited. Further study is warranted.
However, this study answered animportant feasibility question.
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Touch screen interfaces can be easy to use, and can represent  implications for al clinics interested or engaged in quality
an accessible way for patients to provide feedback. This has initiativesto enhance patient satisfaction with their physicians.
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Abstract

Indaily life, humans are constantly interacting with their environment. Evidence is emerging that thisinteraction isavery important
modulator of health and well-being, even more so in our rapidly ageing society. Information and communication technology lies
at the heart of the human health care revolution. It cannot remain acceptable to use out of date data analysis and predictive
algorithms when superior alternatives exist. Communication network speed, high penetration of home broadband, availability of
various mobile network options, together with the available detailed biological data for individuals, are producing promising
advances in computerized systems that will turn information on human-environment interactionsinto actual knowledge with the
potential to help make medical and lifestyle decisions. Weintroduced and discussed akey scenario in which hardware and software
technologies capable of simultaneously sensing physiological and environmental signals process health care datain real-time to
issue alarms, warnings, or simple recommendations to the patient or carers.

(Interact I Med Res 2013;2(1):€3) doi:10.2196/ijmr.2092

KEYWORDS
personalized health care, mobile networks, computer models, telediagnosis

Most modern prevention or intervention approachesrely deeply
on early, accurate, and broad diagnosis, followed by close
monitoring of the outcomes. This latter task is carried out by
occasional screening and typically produces a series of time
dependent snapshots at different levels (eg, biochemical,
mechanical, cellular, and molecular). From a biological point

Introduction

Overview

A proper knowledge of the interaction between human
physiology and daily living environmental conditionsisessentia

to establish a connection between an individual’s lifestyle and
his/her health status. Understanding these connectionswill give
insight to the effect of pollution on human health.

http://www.i-jmr.org/2013/1/e3/
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of view, every human individual has a different susceptibility
to disease. This simple observation has resulted in the concept
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of personalized medicine and procedures [1]. However, for a
personalized treatment to be realy effective, accurate
individualized information obtained at various levels in a
continuous fashion is needed, possibly extending to acquiring
a screen of the patients’ home environment.

The aging European Union (EU) population (and of all
industrialized countries in general) and the increase in life
expectancy are causing arapid increase of the number of patients
with multimorbidity and neurological diseases such as mild
cognitive impairment or Alzheimer's. In this context, the
above-described approach in which data are collected in a
haphazard way will not suffice anymore. There is an urgent
need to shift medical care from ingtitutions to the daily living
environment of patients to ensure a continuous follow-up. In
addition to this clinical need, there is an economical urgency
caling for care distributed differently than the traditional
methods. The existing low ratio between care providers and
care seekers will become even lower and the growing costs of
assistance will soon become unsustainable. Information and
communication technology (ICT) tools are aready being
proposed and studied to provide a solution to these problems,
but much moreis still expected.

One important aspect isthat in general, elderly patients have a
more limited capacity to deal with environmental challenges.
Moreover, thereisincreasing evidence that the onset and course
of highly prevalent diseases such as stroke, diabetes, and
arthrosis are shaped by human environmental interaction (ie,
mobhility). Assessment and understanding of
human-environmental interaction in daily life is therefore of
vital importance to design targeted intervention paradigms that
aim to optimize conditions such as muscle state, neural
plasticity, sensorimotor integration, and internal physiological
processes such as insulin metabolism or inflammation. This
promotes healthy aging and self-dependency.

Technological Platformsand Services

The use of technological tools allowing setup of aone-to-many
relationship between doctors and patients is potentialy an
effective strategy for ensuring the necessary quality and intensity
of treatment at a sustainable cost [2]. Technological platforms,
moreover, alow quantifying the specific progress of a patient,
facilitating modulation and customization of treatments, and
consequently, a faster recovery. In this respect, a growing
number of Web services offer the possibility to track and
compare health data. For example, CureTogether [3] alows
users to anonymously track various health measures (including
symptoms, treatment plans, and medication schedules) and share
them with other individuals having the same conditions.
Aggregated data can be then analyzed to identify trends and
eventually highlight the most effective treatments. Other
medical-oriented socia networks are appearing, which provide
userswith toolsto track their health status. Collected data, once
anonymized, can be used for research purposes, in order to
assess, for example, patterns of drug usage or investigate side
effects. For instance, PatientsLikeMe [4] is an online platform
for patients to share their experience using patient-reported
outcomes, find other patients like them, and learn from others’
data to improve their outcomes. The site has gathered a huge

http://www.i-jmr.org/2013/1/e3/
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quantity of data, with nearly 125,000 members (as of January
2013) spanning a number of different disease communities,
including epilepsy, fibromyalgia, and depression.

Per sonalization of Treatment and Decisions

Personal medical informatics offers the possibility to store and
access data from our daily life and to improve self-knowledge.
Insights gained from these measurements can be used, for
example, to change life-threatening habits, adopt healthier
lifestyle, or make better-informed treatment decisions. From
this perspective, the Continua Health Alliance defines personal
health system as an “ecosystem of connected technologies,
devices, and services’ that will enable an “exchange of fitness,
health, and wellness information”, in order to “build a
community of care’ [5]. The final objective of these
interoperabl e personal tel ehealth solutionsisto help health care
providers and patients meet “their fitness goals, better manage
their chronic diseases, and live independently asthey age” [6].
This has been considered in a European-wide context and the
EU iscurrently funding road-mapping exercises for the Digital
Patient [7] for example. It is clear that this objective has to be
accomplished using a sensitive, respectful, and non-invasive
approach, which should not interfere with the patients' quality
of life, and most importantly, should be based on the use of
affordable and cost-effective solutions.

Luckily, this objective is within reach. Actually, much of the
world now enjoys unprecedented network speed, high
penetration of home broadband, and availability of various
mobile network options. In thismassively interconnected world,
capillary information is potentially availableto improve medical
systems. However, several technical and non-technical issues
need to be addressed for the redlization of this vision. In
particular, the present paper addresses the following key
questions: (1) Isit possible to develop new hardware-software
technologies capable of simultaneously sensing physiological
and environmental signals (eg, temperature, noise), for
prolonged times, with little or no invasiveness, and with alevel
of comfort that ensures wide acceptability? (2) Isit possibleto
process sensed data in real-time and feed them to integrative
models to issue alarms, warnings, or simple recommendations
to the subject or to the carers when needed?

Monitoring Devices

Thelast decade haswitnessed arapid surge of interest in sensing
and monitoring devices for health care and in the use of
wearable/wireless devices for a large number of biomedical
applications. Body sensors are small pieces of little or
non-invasive egquipment that measure biophysical parameters
(eg, heart beat rate or body temperature). Body sensor
technology is growing rapidly (thefirst international workshop
on body sensors was launched in 2004 [8], while the pHealth
conference was, as of 2011, already at its 8th edition [9]) and
it is becoming available at affordable prices. Similarly, home
environments are becoming more and more instrumented,
interconnected, and intelligent [10]. The possibility of
connecting these data measurement devices with portable
communication systems (ie, smartphones) alows for the
devel opment of smarter, connected personal health care systems,
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with the aim to improve diagnosis, treatment, and condition
management.

The emergence of body computing is an on-going revolution
in hospital swhere physicians, medical engineers, and technical
personnel deploy handheld mobiledevicesasclinical computing
tools[6,11-15]. The use of tablets and mobile devices coupled
with wireless sensor systems (ie, e ectrocardiography,
electroencephal ography, electromyography) has the potential
to improve quality of care by providing interactive information
toinstitutionalized patients and by facilitating day-hospital and
home monitoring activity.

However, despite its promises, this approach has found very
limited applications. A key barrier isthe low integration between
mobile and sensor technologies, as different brands use
proprietary software platforms for data monitoring and
visualization systems. Besides that, a global architecture (or
paradigm of data handling at large) for collecting, storing, and
using this huge amount of data at alevel that can potentially be
worldwide, isstill missing. A second bottleneck isdataanalysis.
Nowadays, data are stored in databases and mainly analyzed
offline, with delayed benefits for everybody, especially for the
patients who actually provided the information (this obviously
clashes with the personalized medicine concept). There is an
urgent need for high frequency data mining, machine learning,
and signal processing algorithmsto integrate and trandate large
amounts of datainto straightforward readable parameters. These
data analysis tools should be based on constantly updated
databases, on development of novel statistical methods of causal

http://www.i-jmr.org/2013/1/e3/
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inference which will be applied to answer causal questions
emerging from the data, and on improved pathophysiological
models able to interpret data in a predictive, proactive, and
possibly automatic, manner. Models predicting the occurrence
of a certain event or the emergence of certain behaviour at
individual or population level would provide an extraordinary
instrument for real-time monitoring. Analytical programs
monitoring the sensor dataand using rules and logic constraints
to describe both the environment and the patient health and to
compare against targets, would alow tracking of progress
against goalsand send alertswhen needed (Figure 1). Therefore,
health monitoring solutions can become more intuitive,
comprehensive, and affordable. Potentially useful applications
of these sensor-model integrated systems include (but are not
limited to): (1) monitoring patients with chronic diseases (eg,
mild cognitive impairments, diabetes, epilepsy, chronic cardiac
diseases, progressive renal diseases, and atherosclerosis), (2)
monitoring patients that are hospitalized and need fregquent
probes, (3) monitoring patient’'s addiction recovery and
long-term drug treatment, (4) monitoring of elderly patientsin
the daily assessment of generic health conditions. One may raise
the point that from the perspective of a developing country,
personalized applications might not be economically viable also
because prevalent disease pattern differs. However, it is worth
to note that the same devices and supportive infrastructure can
be tweaked for both clinical and laboratory diagnosis at the
health facility level [16]. Indeed, an initiative that is working
to address this already exists—the MoDiSe [17].
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Figure 1. Users upload data via mobile network devices. They get health forecast services through the Web or through ad hoc mobile applications.

global data storage

data upload

Discussion

Sensorsand M odels Syner gy

Asthereisaneed of flexible ICT toolsfor supporting software
developing in this new application domain, the synergy between
computational models and body sensor technology is both
imperative and easy to reach. On the one hand, sensorswill feed
realistic data-driven models for their calibration and validation
in areas where this process has traditionally been difficult. On
the other hand, predictive modelswill allow to assesstheimpact
on the population, to optimize the allocation of resources and
to devise mitigation and containment interventions to reduce
economic and social disruption. Only a perfect intertwining of
the two components will make the overall system efficient and
efficacious. A crucial feature will be the easiness of use and
accessibility to data. In fact, the success of this combined
process of data collection, data analysis, and health forecasting
will strongly depend on how easy it will be to share the data
and to receive information back from the available servers.

Thebuilding blocks of such health care distributed system span
across areas such as mobile devices, home-based devices,
Web-based resources, electronic health records and personal
health records. Hence, its development will involve aliances
made up from device makers (electronicsindustry), health care
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industry, computational modellers (life science researchers) and
ultimately also policy makers to institutionalize the integration
of this system in the national health care one. It is worth
considering the efforts of the Continua Alliance in creating a
standardized platform for integrating multiple devices for
personalized care [5].

The discussion can be broken down to the following research,
technological, conceptual, and societal challenges: (1)
developing a whole spectrum of wearable body sensors, (2)
developing data communication systems that is secure and
allows partial anonymous retrieval to third parties, (3)
developing robust storage systems that is extensible and
upgradable, (4) developing information systems including
computational methods and models exploiting collected such
data, (5) developing smart and self-adaptive systems for
monitoring the human health.

Body Sensors

Developing a whole spectrum of wearable sensors capable of
measuring cheaply and possibly non-invasively is one of the
major challenges, entailing aso the development of
home-environment sensors that can seamlessly communicate
with either public and private wireless or mobile networks to
connect to personal data hubs.
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Body sensor research and manufacturing arein continuous and
rapid evolution interms of material, multiphysics, and multiscale
physiological integration. Available sensors include
electrochemical, optical, and gravimetric sensors and allow for
measurements ranging from the whole body scale (inertial
devices for movement measurements) to the body structure
level (textile-based devices for biological signal monitoring),
to the so-called bioelectric diagnostic chips able to scan bodily
fluidsfor various markers of minor illnessand disease[18]. See
Figure 2 for examples of personal biomedical devices. New and
most advanced protein-based sensors are especially interesting
as environmental pollutants detectors (ie, sensors based on the
folding of proteins, peptides, and DNA when they come into
contact with compounds of interest).

Cadtiglione et al

Research on implantable in vivo monitoring devices faces
problems such as long-term stability and biocompatibility,
system integration, sensor miniaturization, low-power sensor
interface circuitry design, wirel esstelemetric links, and on board
signal processing. Apart from technological considerations, a
lot of effort in this area is devoted to quality and trust of the
service/device. In fact, the level of user acceptance strongly
depends on how reliable, and hence useful, the proposed
technology is, and on how noticeably its output improves his/her
quality of life.

Thedegree of invasive surgery required to implant such devices
depends on the type of user. While chronic patients or elder
people are more likely to accept technology which promises an
improvement in quality of life, healthy individualsmight adverse
it. This advocates the elderly to be targeted first.

Figure 2. Examples of personal biomedical devices (Source: Continua Health Alliance [4]).
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Figure 3. Thetask of sensing, collecting, and managing the data gains a larger significance when combined together with the possibility to produce
new and valuable information on the health status of single individuals or entire populations.

Data Communication Systems

The data communication network is already available, asit can
rely on common data/voice network technology plusthe Internet
through use of smartphones and tablets. For what concernsthe
area of wireless sensor networks that could provide interesting
solutions for the home and pollution detection sensors, it is
necessary to devel op wireless protocols, to addressthe problem
of their security, aswell as problemsrelated to the performance
of large distributed systems, fault tolerance, and anomaly
detection.

What needs to be developed is a bulletproof communication
workflow that goes from the individual to the storage facility
in an anonymous and secure way. Whereasin principle the data
could be stored locally on the device and only later uploaded
through a secure connection, in general, embedded systems do
not have the possihility to store a large amount of data. Hence
the development of secure protocolsfor run-time measurements
upload is required.
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Imagine a physician’s tool that could evaluate, in minutes or
possibly seconds, awealth of datafrom connected health devices
plus the complete medical history of apatient and al available
medical literature (such as medical records, texts, journals,
research documents, and even on-going clinical trial results),
much of which is unstructured information written in natural
language. This application could suggest possible diagnoses
complete with documented reasoning or, alternatively, request
additional, seemingly unimportant information needed to test
hypotheses.

Thisideaof tracking progress and stay motivated or to monitor
chronic conditions and share data with the personal doctor was
the original ideabehind Google Health [19] that, unfortunately,
has been discontinued (end of 2011) because an unexpected
insufficient participation to the project. A similar effort (still
operational at the time of this writing) is the Microsoft
HealthVault [20].
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Storage Systems

The data collection needs to be organized by using taxonomies
that are well accepted within and beyond the community of
experts dedicated to the devel opment of computational models.
For what concerns data standards there exist at least a couple
of interesting projects going on. One is the standard for data
storage and communication already developed and adopted by
both Google Health and Microsoft HealthVault called Continuity
of Care Record (CCR) [21] proposed by the American Society
for Testing and Materials [22]. This standard is a core data set
of the most relevant administrative, demographic, and clinical
information facts about a patient's health care, covering one or
more health care encounters. It provides ameansfor one health
care practitioner, system, or setting to aggregate al of the
pertinent data about a patient and forward it to another
practitioner, system, or setting to support the continuity of care.
The primary use case for the CCR is to provide a snapshot in
time containing the pertinent clinical, demographic, and
administrative data for a specific patient [21]. The second is
Direct Project launched by the US department of Health and
Human Services with the Nationwide Heath Information
Network initiativein March 2010 [23]. National Health Services
(NHS) Interoperability Toolkit [24] in the UK and Healthcare
Interoperability Testing and Conformance Harmonisation
(HITCH) [25] in the EU are aso similar on-going initiatives.

The driving philosophy behind these two effortsisin line with
the matter of the present paper. In particular, communication
of health information among health care organizations,
providers, and patients is traditionally achieved by sending
paper through the mail or fax. The development of a standard
for data exchange seeks to benefit patients and providers by
improving the transport of health information, making it faster,
more secure, and less expensive. It will facilitate direct
communication patterns with an eye toward approaching
unprecedented levels of interoperability.

From an ICT point of view, the development of agenera storage
system consisting of large data warehouse facilities in charge
of providing controlled access to users, does not express a
challenge on its own. However, collected data needs to be
organized in astrict but also extensible and upgradable manner.
Thisfinally comes down to the problem of adopting a standard
for names and symbols of biological objects and the use of
controlled vocabularies and ontologies to describe repository
content [26].

The problem of how to combine data and models in a close
synergistic effort to create new information in away that isboth
accessible and secureisastimulating challenge. Besides strictly
technical issues, the realization of personal health informatics
requires that a number of ethical issues to be addressed. For
instance, datafrom which to derive epidemiological information
at the level of geographical regions has an enormous strategic
vauefor industrial sectorsasthe pharmaceuticals. Data security
or integrity ismost essential particularly if cloud computing is
being considered.

To summarize, data needs to be kept private and secure. It
should be shareabl e with heal th professionals and downl cadable
for use el sewhere (al so accessi ble through mobile device). Data
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should be organized according to standardised ontologies and
stored in digital formats that are well defined and already
adopted.

Information Systems

A further challenge concerns the development of information
systems (such as computational models embedded in web
servers, internet resources, or mobile applications) that are able
to explait collected data and to provide distilled information in
forms of predictions. This requires the foundation and
development of mathematical and computational methods to
achieve prediction on disorder conditions and of diseases
spreading in our complex techno-social system. This prompts
the development of new, or the adoption of old, large-scale,
data-driven mathematical and computational models endowed
with a high level of realism. Models enabled by ubiquitous
sensorsdatawill allow the forecast of critical events. Moreover,
identified modelling needs to motivate the design and
implementation of origina data-collection schemes. In addition,
the setup of computational platforms for disease forecast and
datasharing will generateimportant synergiesamongst different
research communities and countries.

A critical issue is how to motivate individuals to share their
personal data. In fact, as already discussed, the system should
rely on the participation of the population to collect rea-time
information on the distribution of biological parameters or
diseases by means of their personal body sensors and
smartphone devices (Figure 1). How canindividualsberewarded
for spending their time (and money if phone connection is not
free) and for sharing persona information with research
institutions? In principle, the potential savings that live
modelling and continuous monitoring may lead to opens the
possibility of applying novel forms of project financing for
innovation. In the same way that many public works programs
across Europe have been financed through amix of public and
private fundsin conjunction with the agreement that the private
investors would be entitled to a return on their investment
through tolls or the equivalent for a sufficient period of time,
cost reducing or controlling eHealth innovation may also attract
substantial private investments, if a share of the potential
reduction in the cost of treating patients can be passed back to
theorigina privateinvestorsin theform an innovation dividend.
In a contemporary setting, the value of the saving, from which
the original private investorswould be entitled a share of, could
be derived from the reduction in the average cost of the care of
a sufficiently large number of patients with a specific disease
within aregion that had been selected to tria the innovation in
guestion for a pre-defined duration. This would result in an
effective economic incentive for innovation that could attract
awide variety of health care providers, information technology
companies, and investments ingtitutions, whilst initialy
stabilizing (and later on reducing) the costs of health care
delivery, management, and innovation.

In the future, scientifically justified health reference costs will
be a product of a fully functioning innovative patient- and
process-oriented care. This care will be based on live
sensors-derived model-guided medicine and on consequent
model-guided clinical workflows, spanning the entire health
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continuum from prevention to diagnosis and treatment to
rehabilitation and nursing care. As a result of the expected
improvement in early diagnoses and preemptive care, the
outcomes of such a system could favourably reflect, in terms
of cost, on the contemporary average costs system that was
described above. Asaconsequence, privateinvestorswill benefit
from a significant return on their innovation investment and
health care providers and patients will benefit from lower costs
and higher quality of care. In the long run there is even the
possibility that the traditiona relationship between income
(national or individual) and health care expenditure, making
health care appear as a luxury good, could be broken and
replaced by arelationship in which the core costs of health care
delivery and quality are separate from income levels and more
closely aligned with innovative solutionsto fundamental health
care needs. Finally, scientifically justified reference costs and
evaluated outcomes-oriented management could replace the
black-box (hidden, pragmatic) approachesto health care systems
(including diagnostic, therapeutic, systemic, and managerial)
and fully exert arole as potential change drivers.

Another critical issue may be the time lag between data
collection and individual benefit, which may put extrademands
on data collection and processing. The availability of
meaningful, directly readable parameters can motivate patients
and caregivers, and facilitate online feedback and coaching.
This perfectly underlinesthe necessity to develop powerful data
processing algorithms, based on pathophysi ol ogical modelsthat
are capable of extracting information at far greater speed than
is performed nowadays on static databases. An inspiring
example was provided by the recent societal and economical
phenomena of social networks. These software systems are
actually collecting an enormous amount of data without
providing any financial reward to individuals. They collect data
because people are willing to share information with other
people. Note that thisisindeed one of the possible reasons for
the failure of the GoogleHealth project, as the enthusiasm in
sharing persona health data possibly requires the relationship
with an ingtitutional partner rather than a software industry.
Thisfurther suggeststhat the involvement of institutionsin such
vision is not optional but rather essential for the successful
active support of a critical mass of citizens. HealthSpace, a
personal health record platform operated by the NHS that is
also suffering from the same disappointing low utilization,
provides a suitable anecdote for reflection [27]. This suggests
that direct incentivesto the patients, citizens, or the population
beyond just an institutional support are required.

On the one hand, the system could rely on a kind of social
contract whereby motivated individuals have a clear return in
term of health assistance. On the other hand, a business model
could be adopted to gain from potential market opportunities.
The question is whether a system as the one envisioned will
prove to live up to user/patient expectations or the whole
solution requires a concrete real market opportunity to exploit.
Perhaps the answer lies half way between these two extremes
in that sensor vendors and communication technology industry
can exploit a market opportunity. The data exploitation and
health forecast, although curiosity and research driven, will
provide enough critical services to boost the interest of a part
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of the society that is interested and believes in technological
advances, especialy in the health system.

With respect to data collection, two interconnected points are
at the core of the challenge: (1) how to collect the necessary
data, and (2) how to ensure that there is no abuse regarding this
data. Both questions need to be handled in unison and robust
solutions need to be provided if we actually want to employ
thistechnology. Also, this scenario will be markedly influenced
by the growing use of electronic patient records that will be
spread in the new few yearsto al clinical activities.

Finally, besidesthe technical challengesfacing the body sensor
technology (design, biocompatibility, invasiveness, reliability,
energy consumption etc), there are a number of legal, societal,
and ethical challenges that need to be addressed.

Smart and Self-Adaptive Systems

Strictly related to the above subject isthe devel opment of smart
and self-adaptive systems, that is, intelligent environments for
monitoring human health, regulating the uptake of medicaments,
and predicting individual emergencies. This includes the
development of notice network systems based on overall data
able to issue warnings for the population in general.

Smart and self-adaptive systems based on two levels of
abstraction, logical and physical, can alow real-time, long-term
trend analysis, prediction, prevention, and support of basic daily
behavioural and physiological data, building on unobtrusive
sensing and advanced reasoning with humans-in-the-loop. The
physical level consists of a self-adaptive and self-healing
middleware that supportsthe ensembl e of adaptive components
and their interactive communication within shared contextual
information. The logical level provides tools for automatic
reasoning enabling the prediction of spatial/tempora object
configurations determining dangerous interactions or
physiological damages.

Impact on Biomedicine

Revolutionsin biotechnology and information technology have
produced enormous amounts of data and are accelerating the
extension of our knowledge of biological systems. These
advances are changing the way biomedica research,
development, and applications are done. Clinica data
complement physiological data, enabling detailed descriptions
of various healthy and diseased states, progression, and
responsesto therapies. It isthe availability of datarepresenting
variousbiological states, processes, and their time dependencies
that enables the study of biological systems at various levels of
organization, from molecule to organism, and even population
levels.

Multiple sources of data support a rapidly growing body of
biomedical knowledge; however our ability to analyze and
interpret these data lags far behind data generation and storage
capacity. Mathematical and computational models are
increasingly used to help interpret biomedical data produced
by high-throughput genomics and proteomics projects.
Advanced applications of computer models that enable the
simulation of biological processes are used to generate
hypotheses and plan experiments. Computational models,
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appropriately interfaced with biomedica databases, are
necessary for rapid accessto and sharing of knowledge through
data mining and knowledge discovery approaches [28].

Computational biomedicine will provide the possibility of
developing not just qualitative but truly quantitative analytical
tools, that is, models, on the basis of the data avail able through
the system just described. Information not availabletoday (large
cohort studies nowadays include thousands of individuals
whereas here we are talking about millions of records) will be
available for free.

Large cohorts of data will be available for online consultation
and download. Integrative and multi-scale models will benefit
from the availability of this large amount of data by using
parameter estimation in a statistically meaningful manner. At
the same time distribution maps of important parameters will
be generated and continuously updated. Through a certain
mechanism, the user will be given the opportunity to express
hisinterest on this or that model so to set up aconsensus model
selection process. Moreover, models should be open for
consultation and annotation.

Flexible and user friendly services have many potential positive
outcomes. Some examples include simulation of case studies,
tests, and validation of specific assumptions on the nature or
related diseases, understanding the world-wide distribution of
these parameters and disease patterns, ability to hypothesize
intervention strategiesin cases such as spreading of an infectious
disease, and advanced risk modeling.

Notably, these applications are already appearing on the market,
for example, a medica device maker company markets a
diabetes management sol ution that combines and analyzes data
from a patient’s insulin pump, continuous glucose monitoring
device, and blood glucose meter and makes it available to the
individual’s doctor. Having areal-time view of blood sugar and
the ability to deliver insulin precisely when needed helps
diabetics reduce the risks associated with erratic sugar levels.

Along the samelines, it isworth mentioning that the EU project
DIAdvisor [29] isdevel oping aprediction-based tool to optimize
thetherapy of diabetes. In thisproject, the Ubiquitous Complex
Event Processing paradigm recently suggested [30,31] could
be applied by using the developed biomarkers and biosensors
as event adapters to build a bidirectional event processing
communication, eventually into aglobal event cloud. Thiswould
allow a continuous monitoring of the biomarkers and a
permanent management of the insulin adjustment, including
automatically started processes in the case of specific event
patterns (ie, in the case of an emergency).

What was just illustrated is a typical example of a data
processing approach that provide direct feedback to the patients
about their health status, allows them to be autonomous in the
care, reduce the burden to the caregivers and help keep health
care budgets within reasonable limits. One of the challenges
will be to deal with theincreasing complexity of comorbidities
typical of the older age, in which it is not feasible anymore to
guide interventions based a single parameter. Failure and
function of various organ systems haveto be taken into account
simultaneously (eg, guidance of blood sugar level swith respect
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to organ damage or cognitive functions). These kinds of choices
can only be made based on a thorough knowledge of different
clinical phenotypes, on data reflecting the state of different
organ systems, and on adeguate data-processing agorithms
based on pathophysiological models in which disease
interactions are taken into account.

Conclusions

Aswelearned from arecent study [10], anumber of interesting
and related surveys have been conducted. One can discover that
the rapid adoption of mobile interactive devices has provided
aviable gateway for consumers to transmit health data[32]. A
survey conducted in North America in 2010 among a sample
of 3001 adults ages 18 and older reports that 17% of mobile
phone owners (29% of those ages 18-29) use their phones to
look up health or medical information. Nine percent of mobile
phone owners (15% of those ages 18-29) have smartphone
applications that help them track or manage their health [32].
In fact, 10% of all apps downloaded from the Apple iTunes
store are related to health care, medical issues, and lifestyle
[33]. One example is the Pfizer Mon Krono Santé application,
which servesasamemory aid and offersapersonal health record
for chronic disease sufferers [34]. Gaming devices are viable
conduits as well. Bayer's Didget, for example, is aplug-in for
the Nintendo DS gaming system targeting children with diabetes
[35]. On other aspects more related to the development of
communication protocols for wearable or implantable devices,
it is interesting to look at the coordination action of
CA-RoboCom [36] that design and describe the Future and
Emerging Technologies Flagship initiative, the Robot
Companionsfor Citizens. The Robot Companions for Citizens
envisions ecology of sentient machinesthat will help and assist
humans in the broadest possible sense to support and sustain
our welfare.

The growing number and increasing maturity of Web-based
resources are providing more opportunities for consumer
self-service and peer support. Bayer, for instance, offers a
comprehensive support program called BETAPLUSfor multiple
sclerosis patients [37]. In addition to Bayer's application for
the Apple iPhone mobile device that assists with Betaseron
injection timing and site reminders, Bayer has also created a
robust website with educational tools, forums, and access to
solution-trained nurses. Worth mentioning are producers like
LUCAS that has developed an innovative and low-cost
microscopic appendage to smartphones that is currently being
trialled for laboratory diagnosisin Africa[38]. Similar initiatives
using microchips or sensors are currently under development
by the EU [39].

Clearly, the building blocks are there and gaining traction; but
the greater value comes in bringing the components together to
provide a step change in diagnosis and treatment both in terms
of patient outcomes as well as health care system efficiency.
This technology will potentially provide a huge shareable
collection of biomedical information worldwide. Devices will
be most successful when they provide data that would not
otherwise be available because of the measurement frequency
required or the need to capture at theright time. Thisinformation
will be live, meaning that it will be updated constantly and
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instantaneously. Data crawler and analyzers will extract and
produce refined data from the raw data, thus producing
interesting distilled information. Mathematical or computational
models will use the refined data to make predictions, and
medical ingtitutions can use this information to set up health
care services such as monitoring systems, warning systems, or
aid systems.

Mobile and home-based devices monitor vital signs and
activities in real-time and communicate with persona health
record services, personal computers, smartphones, caregivers,
and health care professionals

Smarter health systems continually analyze information from
multiple devices and other sources to derive insights and
recommendationsfor theindividual’s health regimes. Here, two
examples tackling different levels (or scales) are provided. At
the epidemiological/population level, the EU future and
emerging technologies (FET) project EPIWORK [40] proposes
a multidisciplinary research effort aimed at developing the
appropriate framework of tools and knowledge needed for the
design of epidemic forecast infrastructures to be used by
epidemiol ogistsand public health scientists (also called Internet
based surveillance). This pinsdown the application of theideas
described above, aside from clinical usage, as of potential
interest for epidemiological modelling in times of pandemics
such as Influence Flu, and epidemics in developing countries
and during natural or environmental disasters. At the
subject/individual  level, another EU project called
INTERSTRESS [41], aims at developing a set of persona
system tools and services for the collection, classification, and
aggregated representation of individual stress patterns.

Thevirtual physiologica human (VPH) vision of theunderlying
future need focused on monitoring the health status of European
citizenship, shares a common view with “The Future of the
Internet” [42], that is, to exploit the true unprecedented
connecting power of the Internet thanks to mobile and wireless
networking and services in order to provide a bridge between
market driven research and fundamental research to meet
Europe's future needs. Lastly, the proposed vision can have a
significant impact on the objectives of the JADE project in the
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EU [43]. As already mentioned, European citizens are getting
older and are increasingly living with chronic diseases. This
because although their health condition is better than that of
earlier generations, they live longer as a result of advanced
medical care and therefore many end acquire chronic conditions
and minor disabilities that are well manageable by home care.
This has highlighted shared concerns by regional governments
about implications for future provision of welfare and health
services. Thisdemographic change poses significant challenges
to Europe’s society and economy. The JADE project concept
isto develop and promote a common research agendaand joint
action plan using one of the most promising cluster of ambient
intelligence technol ogy applicationsin everyday life, addressing
the need of having independent living services and telecare in
an ageing population. They embrace eHealth as an enabler for
range activities, for instance, teleconsultations, transfer of
records, telehomecare, telehealth, vital sign monitoring,
interpersonal communication, remote care, and social support.
Among the targeted objectives there are to define new research
fields and technologies and to develop actions to improve the
cost-effectiveness of research and policy coordination in order
to foster transnational scientific cooperation. Finally, another
goa of this project is to share and disseminate knowledge
awareness on rel evant understanding to enhance research, policy
effort, and stimulate business actors.

Therefore, we are delighted to report that sensing technology
for health is a thriving field of research. It has two immediate
and important benefits: (1) theimproved understanding of how
information and communication technology is revolutionizing
human health care, and (2) the investigation of the best
conditions for simultaneously sensing physiological and
environmental signals. In reaching these targets, it offers the
chance to develop computerized systems that will turn this
information into actual knowledge with the potential to help
making medical and lifestyle decisions. As these questions
tackle a range of technological challenges, we believe that
combining medical health care meaningful ness, methodol ogical
novelties, and the interdisciplinary technological aspects
described inthisarticle can lead to ground-breaking applications.
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Abstract

Background: eHedlth is an application of information and communication technol ogies across the whole range of functions
that affect health. The benefits of eHealth (eg, improvement of health care operational efficiency and quality of patient care) have
previously been documented in the literature. Health care providers (eg, medical doctors) are the key driving force in pushing
eHealth initiatives. Without their acceptance and actual use, those eHealth benefits would be unlikely to be reaped.

Objective: To identify and synthesize influential factors to health care providers acceptance of various eHealth systems.

Methods: This systematic literature review was conducted in four steps. The first two steps facilitated the location and
identification of relevant articles. Thethird step extracted key information from those articlesincluding the studies' characteristics
and results. In the last step, identified factors were analyzed and grouped in accordance with the Unified Theory of Acceptance
and Use of Technology (UTAUT).

Results: This study included 93 papers that have studied health care providers' acceptance of eHealth. From these papers, 40
factors were identified and grouped into 7 clusters: (1) health care provider characteristics, (2) medical practice characteristics,
(3) voluntariness of use, (4) performance expectancy, (5) effort expectancy, (6) social influence, and (7) facilitating or inhibiting
conditions.

Conclusions: The grouping results demonstrated that the UTAUT model is useful for organizing the literature but has its
limitations. Due to the complex contextual dynamics of health care settings, our work suggested that there would be potential to
extend theories on information technology adoption, which is of great benefit to readers interested in learning more on the topic.
Practically, these findings may help health care decision makers proactively introduce interventions to encourage acceptance of
eHealth and may also assist health policy makers refine relevant policies to promote the eHealth innovation.

(Interact J Med Res 2013;2(1):€7) doi:10.2196/ijmr.2468

KEYWORDS
technology acceptance; eHealth; health care provider; adoption

and communication technologies (ICT) across health-related
functions [3]. The benefits of eHealth, such as improved

Poor health care outcomes lead to increased levels of morbidity ~ OPerational efficiency, higher quality of care, and positive return

and mortality, and obstruct countries’ prosperity and business N investments have been well documented in the literature
profitability (eg, [1,2]). eHealth isan application of information  [4-6-
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eHealth is an emerging field at the intersection of medical
informatics, public health, and business, and refers to health
services and information delivered or enhanced through the
Internet and other related technologies [7,8]. Different eHealth
applications have been used across countries, corresponding to
their health needs and priorities. The World Health Organization
(WHO) eHealth for Health Care Delivery (eHCD) program, for
example, targeted primary health care in anumber of countries
in the Asia-Pacific region. Some of these countries have
instigated telemedicine as a means of bringing specialist health
care to rural communities, whereas some others have
endeavoured to improve the safety and continuity of patient
care through the use of electronic health records (EHR).

While there has been high interest in eHealth, the adoption and
acceptance rates have not been high enough for health care
systemsto experience the maximal benefits eHealth hasto offer
[8]. Past experience of eHealth adoption in the United States,
for example, informed us that the low adoption rate could be
attributed to both macro-level factors (eg, supportive policies)
from the perspective of the public, health care organization, and
system, and micro-level barriers from the perspective of health
care providers (eg, physicians perception about technological
complexity, [9]).

A broad spectrum of research methodologies have been used
to study eHealth adoption and acceptance factors based on
information provided in published studies [9]. The
methodol ogies include quantitative surveys [10], observations
[11], qualitative focus groups [12], ethnographic studies [13],
and personal intuition and experience [14]. According to the
results of these studies, different eHealth adoption factors may
have led to difficulty for decision makers to explicitly
understand, measure, and decreaseinhibiting factors or enhance
facilitating forces[9]. Hence, thereisaneed to synthesize those
insights and provide decision makers with a holistic view of
eHealth adoption.

Health care providers are the key driving force in pushing
eHealth initiatives [14]. eHealth implementation represents a
disruptive changein the health care workpl ace. The change does
not occur simply from the introduction of ICT infrastructure
but may aso require remodelling of the job design of
interconnected health professionalsto effectively and efficiently
incorporate technology [15]. Without the presence of
motivational forces (eg, health care providers dissatisfaction
with the status quo), it is unlikely that the innovation process
would be initiated. If health care providers resist change or do
not possess attributes necessary for change (eg, adaptability and
growth-orientation), the change processislesslikely to proceed
[16]. The objective of this paper wasto identify and synthesize
the factors influential to health care providers acceptance of
various eHealth applications.

http://www.i-jmr.org/2013/1/e7/

Lietd

Methods

Overview

In light of the guidelines originally proposed by [17,18] and
already applied in several systematic reviews (eg, [19]), we
conducted a systematic literature review on eHealth adoption.
For the specific objective of this study, the guidelines have been
modified and 4 steps were taken: (1) identification of resources,
(2) selection of relevant papers, (3) dataextraction, and (4) data
analysis and validation.

Identification of Resources

A literature search was conducted between October and
November 2011 using 8 online databases:. Medline, Cinahl,
Web of Science, PubMed, Psychinfo, ERIC, ProQuest Science
Journals, and EMBASE. These databases were thought to be
the most likely to publish eHealth adoption related work [20].
All search fields available from each search service were used.
In each database, the search was repeated 3 times using the
following phrases (operators came before keywords):
[“e-Hedth” AND “Adoption” OR “User Acceptance’] or
[‘eHealth” AND “Adoption” OR “User Acceptance’] or
[“"EMR” AND “Adoption” OR “User Acceptance’] or ["EHR"
AND “Adoption” OR “User Acceptance’].

The terms “electronic medical records’ (EMR) and EHR were
separately used to search papers. Thisisbecausethe EMR/EHR
consists of patient health related information and formsthe core
of eHealth systems[8]. Theinclusion of those papersincreased
the validity of the findings. Table 1 lists the number of papers
found in each database using the search phrases. In summary,
atotal of 3315 papers were found, of which 420 papers were
duplicated. The selection process excluded the repeated papers
from the archive and produced a list of 2895 papers.

Sdlection of Relevant Articles

Thefull texts of the selected paperswere reviewed for relevance.
Papers with the following criteria were filtered out:

1 articles not written in English

2. aticlesthat did not directly use the terms “adoption” and
“eHedlth” or related terms in the title, abstract, or entire
text, with casual referencing of eHealth adoption related
issues.

3. articleswithout empirical evidence

4. articles which discussed adoption or user acceptance of
eHealth but not from the health care provider’s perspective

This examination process had two iterations. Finally, 93 rel evant
papers were selected.

Data Extraction

The key information was extracted from the 93 papers. The
extracted dataincluded: (1) characteristics of the study (eg, year
of publication and health care settings where the studies were
conducted), (2) the study results and output—eHealth adoption
factors. Relevant text was extracted or retyped verbatim and
was added to a database.
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Table 1. Identification of papers for review from 8 online databases.
Keywords Medline  Cinahl Web of PubMed Psycinfo ERIC ProQuest EM- Total Duplicated
Science Science  BASE results
Journals  (1980+)
User acceptance 2 3 15 2 2 1 73 2 100 -
AND eHealth
User acceptance 6 0 7 8 3 0 45 2 71 20
AND eHealth
User acceptance 9 5 8 9 2 0 93 10 136 17
AND EMR
User acceptance 13 2 15 12 3 0 57 10 112 20
AND EHR
Adoption 31 15 47 34 24 1 244 36 432 39
AND eHealth
Adoption 29 9 29 a4 28 1 155 30 325 74
AND eHealth
Adoption 89 30 67 97 12 3 395 101 794 87
AND EMR
Adoption 165 83 106 187 17 1 607 179 1345 163
AND EHR
Total unrepeated articles retrieved 2895 -

Data Analysisand Validation

Figure Lillustrates the analysis process of the data collected in
Step 3. Based on the terminologies or terms utilized in the
papers, 49 eHealth adoption/acceptance factors were initially
extracted. All citations used to identify the results were noted.
The next activity wasto study the definitions used in the papers.
Factors with close relevance were combined, generating a list
of 40 factors. For example, “time required to select, purchase,
and install the eHealth system”, “time involved in learning to
use the eHealth system and additionally required to become
familiar with the system operation”, and “the degree to which
use of the innovation is perceived as being time consuming”
were all grouped to “time cost”.

Based on the perceived commonality of the themes, the 40
factors were analyzed and organized according to the Unified
Theory of Acceptance and Use of Technology (UTAUT) by
Venkatesh et al [21]. The UTAUT set out to integrate the
fragmented theory and research on individual acceptance of
information technology into aunified theoretical model, which
highlights the importance of contextual analysisin developing
strategies for technol ogy implementation within organizations.
This model accounts for 70% of the variance in usage
intention—a substantial improvement over any of the original
8 models and their extensions. Within the UTAUT, 3 core
constructsthat impact on behavioral intention, and consequently
use behavior, are performance expectancy, effort expectancy,
and social influence, whereasthe other core construct facilitating
conditions has a direct impact upon use behavior. Four

http://www.i-jmr.org/2013/1/e7/

moderators (ie, gender, age, voluntariness of use, and
experience) have also been incorporated in the UTAUT. Apart
from the 4 core constructs and 4 moderators, another cluster of
eHealth adoption factors, which could not be mapped against
the UTAUT, was identified. Accordingly, the factors were
initially grouped into 9 clusters (Figure 1).

To search for convergence among multiple sources of
information and methods of data collection and anaysis, a
validity procedure was applied [22,23]. First, the eHealth
adoption factors were reanalyzed within and acrossthe clusters
to ensure consistency and independence. The factors were
regrouped into 7 clusters:

1. health care provider characteristics (eg, I T experience and
knowledge, gender, age, and yearsin practice)

2. medical practice characteristics (eg, practice size and
teaching status)

3. voluntariness of use

4. performance expectancy (eg, perceived usefulness and
needs)

5. effort expectancy (eg, perceived ease of use)

6. socia influence (eg, subjective norm)

7. facilitating or inhibiting conditions (eg, legal concerns)

The clusters were then given labels and reviewed once more
for consistency. Reassessment and relabelling were performed
for some papers. This step was repeated until a consensus was
reached on the labels for clusters. In the final analysis, papers
were reassigned to appropriate clusters. The resulting clusters
represented another level of abstraction.
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Figure 1. Dataanalysis process. f=number of factors, c=number of clusters.
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Results

Characteristics of Selected Studies

This section presents the results of statistical analyzes on the
characteristic data extracted from the 93 papers, including: (1)
the growth of publications by years, (2) distribution by
geographical areas, (3) types of research methodologies
employed, (4) eHealth applications studied, (5) hedth care
settings selected, and (6) study participants.

Growth of Publications

Figure 2 shows the growth in the publications. The growth
represented by the curve was not linear, with adramatic risein
the number of papers published after 2005.

Geographical Areas

The majority of the studies (72/93, 77%) were conducted in
North America, followed by Europe (9/93, 10%), and Asia
(7/93, 8%).

Research Methodologies

Quantitative methodology was predominately used by 57/93
studies. The number was nearly twice as large as that of
qualitative studies.

eHealth Applications

The 93 papers addressed a wide range of eHealth applications.
57 targeted the EHR/EM R, which was defined as computerized
medical information systems that collect, store, and display
patient information [24]. Telemedicine/Telehedth was the
second most popular application studied (addressed by 7/93
studies). Telemedicine frequently referred to the use of awide
array of technologies to deliver arange of medical services to

http://www.i-jmr.org/2013/1/e7/

RenderX

persons at some distance from a health care provider [25]. The
remnant studies examined the acceptance of other eHealth
applications such as Intensive Care Information System (ICIS)
[26], e-discharge which helps inpatient physicians to track
pending tests at hospital discharge[27], Anesthesialnformation
Management System (AIMS) [28], and electronic logistics
information system [29].

Health Care Settings

The majority of the studies were conducted in hospitals and
office-based clinics (primary care). In some studies, multiple
health care settings of different types were chosen to examine
the eHealth acceptanceissue. For example, Jhaet al used survey
data from stratified random sample of al medical practicesin
Massachusettsin 2005 to determine rates of EHR adoption and
perceived barriers to adoption [30].

Study Participants

The majority of the studies (ie, 68/93) focused on physicians.
Nurses and other health workers were recruited in 25 research
projects on eHealth adoption and acceptance.

eHealth Acceptance Factors

Through the data analysis and validation process, 40 factors
were identified to be influential to the health care providers
acceptance of eHealth and grouped into 7 clusters (Figure 3and
Table 2). A brief description of each cluster is provided below.

A hedth care provider's characteristics included hisher
information technology (IT) experience and knowledge, years
in medical practice, professional role, age, gender, and race.
Characterigtics in relation to a health care provider's medical
practice included the practice size, teaching status, location,
single or multi-specialty, practice level, types of third party
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payers, and patient age range. Voluntariness of use was defined
as “the degree to which use of the innovation is perceived as
being voluntary or of free will” [21]. Performance expectancy
was defined as the degree to which a health care provider
believes that using the eHealth system will help him or her to
attain gains in job performance [21]. It included the perceived
usefulness and needs, relative advantage, job-fit, and
reimbursement and financial incentive. Effort expectancy was
defined as the degree of ease associated with the use of the
eHealth system [21]. It included perceived ease of use, ease of
use, and complexity. Social influence was defined asthe degree
to which a health care provider perceives that important others
believe he or she should use the new eHealth system [21]. It

Figure 2. Growth of publications (based on our selected articles).
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included the subjective norm, competition, supportive
organizational culture for change, and friendship network.
Facilitating or inhibiting conditions were defined as the degree
to which a health care provider believes that an organizational
and technical infrastructure existsto support use of the eHealth
system [21]. It included the computer self-efficacy, computer
anxiety, legal concerns, financial constraints, availability of
ICT infrastructure, time cost, eHealth interoperability, IT
support, eHealth and business process alignment, end user
involvement, management commitment and support to change,
uncertainty about I T vendor, professional autonomy, interference
with the health care provider and patient relationship, and patient
privacy concerns.
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Table 2. eHealth acceptance factors under 7 clusters.

Cluster and factors Definitions and citations

Health care provider characteristics

IT experience and Generic IT skills (eg, typing skills) and experience [24,30-47]

knowledge Thosewho had little experience with computer swere challenged by the process of learning how to use the computer
in addition to learning the software [43]

Previous experience of computer use in medical practice or training in using particular eHealth systems [48-56]

Respondents with an electronic health record (EHR) were more likely to e-prescribe than those who did not have
an EHR, and to have patients take a computer-generated prescription to the pharmacy [55]

Yearsin practice Total yearsin practice since medical school graduation [32,48,57-61]

Based on the comments offered by those in practice for longer than 25 yearsin our study, it did not make sense to
invest time or money at this point in their careers[32]

Role Variation between physicians and other health professionals [53]
Physicians use most of the advanced features more than nonphysicians [53]

Variation between specialists and others [59,62,63]
high-end specialists, such as obstetrician-gynecologists, are less likely to be using EHR in their practice [63]

Age Physical age [36,39,46,59,61,64-67]
EMR use was inversely associated with physician age [65]

Gender Biological sex [39]
Females were less likely to use PDAs [39]

Race A group of people of common ancestry, distinguished from others by physical characteristics [39]

African American and Hispanic physicians were more likely than Caucasian to indicate routine PDA use; Asian
physicians reported using email with patients significantly less frequently than their Caucasian counterparts[39]

Medical practice characteristics

Practice size Number of physiciansin the medical practice [36,39,48,57,58,60,61,65,67-72]

Physiciansin practices with 11 or more physicians were most likely to use any EMR system, whereas physicians
in solo practice were least likely to use EMRs [65]

Number of patient visits [24,32,61,72,73]

who saw fewer than ten patients per day, reviewed fewer than 20 medical records per day and handled fewer than
ten calls daily, were statistically less likely to want to use a computer during a consultation; Those seeing fewer
than ten patients daily were the most receptive to the use of handwriting [32]

Teaching status Practices affiliated with academic institutions [58,70-72]

There was a statistically significant association between presence of students and residentsin a practice and the
practice’'s use of an her [71]

Location The medical practicein arural setting or urban setting [40,61,68,72-74]
urban settings were significantly more likely to have adopted AIMS[72]
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Cluster and factors

Definitions and citations

Single/Multi-specialty

Practice level

Types of third-party
payers

Patient Age Range

Voluntariness of use

Perceived voluntariness

Perfor mance expectancy

Perceived usefulness
and needs

Relative advantage

Job-fit

Reimbursement and fi-
nancial incentive

Effort expectancy

Difference between those in a single-specialty practice and in a multi-specialty practice [39,65,66,68,75]

those in a multi-specialty group were more likely than those in a single specialty practice to routinely use EHRs
(39]

Distinctions between Primary, Secondary and Tertiary health care [36,58,60]
physicians whose practice consisted of a specialty other than primary care were more likely to use an EHR [60]

Proportion of patients who are privately insured, Medicaid, Medicare, or uninsured [48,66,73,76]

Physicianswith the highest percentage of Medicaid patientsin their practiceswere significantly lesslikely toindicate
using an EHR system when compared with those in the low-volume Medicaid group [76]

The age range of served patients’ [67]
doctors who treat HVE3were significantly less likely to adopt EHR[67]

The degree to which use of the innovation is perceived as being voluntary, or of free will [77]

Perceived voluntariness had a negative causality on behavioral intention to use telemedicine. These findings con-
tradict those from prior ISliterature that found a positive relation between voluntariness of use and intention to
adopt [77]

The degree to which ahealth care provider believesthat using the eHealth system would enhance his or her clinical
or non-clinical job performance [24,25,28,29,33,35,36,38,41,43,46,50,56,75,77-91]

Perceived needs of adopting the eHealth system [42,79,92-94]

Participants from private hospitals or who owns a private practice reported that most of their patients are one-
time customers and they do not expect them to come back. For private hospitals, about 30% of their patients are
from out of the state (mostly from near towns and villages). Therefore, they do not keep their past medical records
(93]

The degree to which using an innovation is perceived as being better than using its precursor of practices
[5,45,59-61,72,93,95,96]

physicians who used electronic prescribing were significantly more likely to view it as saving time than those who
have not adopted the technology [5]

How the capabilities of the eHealth system enhance a health care provider’s clinical job performance [24,40,97]

no mechanism of alerting inpatient physicians that finalized test results were available for viewing (eg, by email
or by an alert in the inpatient computer system [97]

The degree of a health care provider’s perception of uncertainty over return on monetary investment
[5,24,26,31,40,73,86,90,91,95,98]

Availability of financial reward for a health care provider’s time investment in learning and using the eHealth
system [36,54,70,86,92,99]

the availability of incentives for adoption of HIT were more likely to have EHRs than practices without such incen-
tives [70]
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Cluster and factors Definitions and citations

Perceived Ease of use  The degree to which a health care provider believes that using the eHealth system would be free of effort
[5,25,28,29,38,40,46,47,52,54,56,68,74,75,81,84,87,88,90]

co-existence of paper and electronic records at the transition period, as an important barrier to EMR adoption
[74]

Ease of use The degree to which using the eHealth system is perceived as being difficult to use
[5,27,28,35,41,45,46,52-54,64,77,84-86,89,91,97,100-103]

a perception that technical system deficiencies reduce the quality of clinical routines can result users’ resistance
[103]

Location of ICT equipment for convenient use of the eHealth system [41,45,49,96,101,102]

Sometimes the physician practice does not have appropriate equipment to facilitate use of the e-Prescribing system
as part of the existing wor kflow. For example, if they do not have a handheld device or computer in the examination
room, the busy clinician needs to use a PC outside the examination room, adding an extra step to the workflow
[49]

Complexity The degree to which the eHealth system is perceived as relatively difficult to understand and use
[24,26,35,37,45,46,54,79,84,86,89,93,96,100,101]

this study indicated that the EMR systems are very complex and difficult to learn, and this affects their attitude
towards using the EMR systems [93]

Social influence
Subjective norm The health care provider’s perception that most people who are important to him or her thinks he or she should or
should not adopt the eHealth system in question [40,59,77,91]
Patient resistance or not wanting their physicians to use EHR [40]

Competition Perceived competitive advantage with eHealth [48,86,94]

adopt mobile technol ogies to gain a competitive advantage; adopting | Screates a competitive advantage by giving
businesses new ways in which to outperformtheir rivals [94]

Supportiveorganization-  Leadership and presence of champions for the eHealth system adoption within a health care setting
al culture for change [24,35,38,43-45,74,79,86,96,104]

Health care professional swere likely to accept and participatein the process of eHeal th adoption when the programs
wereintroduced and promoted by a peer with considerable authority and influence and familiarity with the practices
[79]

The degree of a health care provider’s perception of organizational culture (eg, learning culture) supportive to
eHealth adoption [33,105]

The culture of the organization, including its supportive elements, influences both implementation and persistence
of the work innovation [33]

Friendship network Personal intimacy and interactions with personal friends [47]

Social influence affecting physician adoption of EHR was predominantly conveyed through interactions with per-
sonal friends rather than interactions in professional settings [47]

Facilitating or inhibiting conditions

Computer self-efficacy A health care provider’s self-judgment of his or her ability to use the eHealth system to accomplish clinical jobs
or tasks [46,48,67,77,86]
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Cluster and factors

Definitions and citations

Computer anxiety

Legal concerns

Financial constraints

Availability of ICT in-
frastructure

Time cost

Interoperability

IT support

eHealth and business
process alignment

End user involvement

Evoking anxious or emotional reactions when it comes to adopting the eHealth system [24,33,40,77,80,92,106]

They are concerned that under certain circumstances, or as time passes, the systems will reach their limitations,
become obsolete and will no longer be useful [24]

The availability of the policy, regulation, and protocol supportive to using the eHealth system
[31,54,74,78,79,82,93,95]

Regulation regarding sharing of clinical information between the various EMR users across settings of care could
represent a complex issue. During interviews, some respondents expressed concern with respect to the application
of the law related to patients’ consent in the context of EMR implementation [74]

The degree of ahealth care provider’s perception of high monetary cost for adopting the eHealth system (ie, start-
up costs and ongoing maintenance costs) and of the availability of financial resources to cover the cost
[5,25,27,28,30-33,35,37,39,41,50,52,53,58,60,62,69,71-75,79,80,85-87,91,93,94,107-110]

respondents noted the lack of capital to invest in EHRs as an important or very important barrier to adoption [73]

The degree of a health care provider's perception of the availability of ICT infrastructure required for using the
eHealth system [24,35,38,49,51,79,81,91,107]

Time required to select, purchase, and install the eHealth system [5,24,37,40,59,61,86,90]

Implementing an EMR means switching from paper-based to electronic based systems, and thisinvolvestransferring
records between the two systems [24]

Timeinvolved in learning to use the eHealth system and additionally required to become familiar with the system
operation [25,28,31,32,37-39,41,44,46,50,53,55,57,60,62,71,72,74,85,87,91,92,109,110]

the time and effort involved in learning to use these technologies as a significant barrier [31]

The degree to which use of the innovation is perceived as being time consuming [24,35,84,86,90,93,97,99-101]
takes too much time to enter data in real time [93]

The degree of ahealth care provider’'s perception of the ability of the eHealth system to exchange and use relevant
clinical datawithin and across the health care setting [24,26,31,32,38,49,72,73,86,91,92,103,104]

Lack of ability to exchange clinical data with laboratories and hospitalsisa major barrier for smaller physician
practices[31]

The degree of a health care provider’s perception of the availability of experienced IT personnel for technical
support (eg, troubleshooting emergent problems during actual usage of the eHealth system, and providing instruc-
tional and/or hand-on support to users before and during usage)
[24,26,28,30,31,34-38,54,57,72,74,79,81,84,91,94,100]

the provision of good maintenance and user support systems greatly increases user acceptance of a new system
(84]

The degree of a health care provider’s perception of the adeguacy of training for the usage of the eHealth system
[24,27,35,38,41,43,44,50,53,71,75,78,79,92,100,103,108]

This study found that inadequate training limits EMR utilization [108]

The degree of a health care provider’s perception of the fitness of the eHealth system into the clinical workflow
[29,32,77,96,97,99,103]

The involvement of end usersin the planning and implementation process of the eHealth system
[24,38,75,83,84,86-88,103,104]

Clinicians' resistance was also related to whether or not they had been involved in the design and implementation
process [103]

http://www.i-jmr.org/2013/1/e7/

RenderX

Interact JMed Res 2013 | vol. 2 | iss. 1 €7 | p.29
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

Lietd

Cluster and factors

Definitions and citations

Management commit-
ment and support to
change

Uncertainty about IT
vendor

Professional autonomy

The presence of management commitment and availability of management support for adoption of the eHealth
system [24,33,45,75,79,81,82,87,88,91,92,103,109]

the implementers’ responses were supportive and addressed the issues related to the real object of resistance; the
severity of resistance decreased [109]

Thedegree of ahealth care provider’s perception of the availability of reputable and trustworthy external I T service
providersin the market [24,29,49,52,106]

The degree to which using the eHealth system is perceived by a health care provider aslosing professional control
over the conditions, processes, procedures, or content of his or her work according to the individual judgment in
the application of his or her profession's body of knowledge and expertise [24,42,75,86-89,91,110,111]

With the implementation of EMRSs, physicians are concerned about the loss of their control of patient information

and working processes since these data will be shared with and assessed by others. Physicians' perceptions of the
threat to their professional autonomy are very important in their reaction to EMR adoption [24]

Interferencewith health  The degreeto which using the eHealth systemis perceived asinterfering the health care provider-patient relationship
care provider-patient during their encounter [24,33,36,46,50,75,86-88,91,92,112]
relationship physicians who value a close patient relationship have less positive attitudes about the EMR [33]
Patient privacy con- The degree of a health care provider’s perception of the security of patient information and protection of patient
cerns privacy [24,30,31,40,79,89,111,112]

8high volume of elderly

; ; 25,29,41,42,75,77,79,81,83-85,87,88,102], the factors
Discussion [ ]

Comparative and Gap Analysis

Of the 93 papers, 57 examined the adoption/acceptance issue
of EHR/EMR. EHR/EMR isarepository of health information
in relation to a subject of care (ie, patient) in a computer
processableform [113]. Li et a explained that €l ectronic patient
recordsform the core of any other eHealth applications and thus
the success of these is very much dependent on the EHR/EMR
adoption [114]. Although EHR/EMR can be utilized by all
groups of hedlth care providers (eg, physicians, nurses, and
pharmacists), physicians were study participants among an
overwhelmingly large number of publications.

After 2002-2004, there was a sharp increase in the number of
publications. A majority of these studies were conducted in the
United States. According to Burt et al [115], EHR adoption in
the United States was significantly low until 2005, with less
than 18% of physicians used EHR at their office. After 2005,
there was a great increase in EHR adoption levels across the
United States[115], making more health care settings available
for eHealth acceptance research.

Most of the 93 studies used a quantitative research methodol ogy
to measure eHealth adoption/acceptance variables and test
hypotheses. A small percentage applied models or theories on
individual acceptance of information technology (eg,
Technology Acceptance Model, TAM [116-118]). The results
supported the model sin predicting the adoption behavior in the
health care context. The most applied model was the TAM,
which proposed amethod of evaluating user acceptance through
his’her beliefs, attitudes, intentions, and actual technology
adoption behavior. Within these  studies

http://www.i-jmr.org/2013/1/e7/

influential to health care providers acceptance of eHealth
included their perceived usefulness and needs, perceived ease
of use, and all of the facilitating or inhibiting conditions.

Few studies (eg, [41]) have successfully tested the applicability
of the UTAUT model by Venkatesh et a [21]. Using the
definition of the UTAUT constructs, we analyzed and organized
the eHealth acceptance factors that we found. The mapping
work demonstrated that the UTAUT modd is a useful
framework for applying and organizing literature, which is of
great benefit to readersinterested in learning more on the topic
[119]. Nevertheless, it was found that half of the health care
provider characteristics (years in practice, role, and race) as
well as medical practice characteristics identified from this
literature review have not yet been covered in the UTAUT.
Further, some studies aso showed significant correlations
among the identified factors. Perceived usefulness had the
strongest impact on health care providers behavior intention
[88], whereas their perceived usefulness was influenced by the
perceived ease of use, eHealth and business process alignment,
end user involvement, management commitment and support
to change, health care provider-patient relationship, and IT
experience and knowledge [25,28,33,56,77,83,86-88]. The
variance of the perceived ease of use was associated with the
computer self-efficacy, end user involvement, management
commitment and support to change, as well as hedth care
provider-patient relationship [77,88]. These correlations have
not been incorporated inthe UTAUT. Our effortsto map eHealth
acceptance research results against the UTAUT model suggested
that health care settings could potentially extend theories on
information technol ogy adoption dueto their complex contextual
dynamics.
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In some of the papers, significant correlations were not
necessarily found between acceptance factors on the list
(particularly those of individual characteristics and medical
practice characteristics) and heath care providers usage
intention or actual use of eHealth. Chavis's study [105], for
example, did not demonstrate a significant positive correlation
between individual characteristics (ie, job role and age) and
technology adoption. This result can be explained with the
UTAUT model: the age acts as amoderator rather than afactor
directly impacting upon the behavioral intention or use behavior.
Russell et al found that health care providersin large practices
were not more likely to use an EMR [112]. Others
[24,40,57,69,120] argued against that, suggesting that larger
practices tended to “have access to the potentially greater
resources’ (financial and human resources) required for the
eHealth system delivery and adoption, and have extensive
internal 1T assistance and training.

Apart from the contradi cting findings among these studies, some
acceptance factors can also be context sensitive. Given that most
of the 93 studies were conducted in the United States, the types
of third-party payers (which is by definition the proportion of
patients who are privately insured, Medicaid, Medicare, or
uninsured), for example, reflects the health insurance scheme
specifically in the United States context. In the future, further
studies particularly in health care settings of other countries,
are required in order to improve the understanding of eHealth
adoption phenomenon in aglobal context, aswell as to extend
thetheory and research on individual acceptance of information
technology.

Limitations

Here are a few magjor limitations of this literature review.
Although efforts were made to include all research papers on
health care providers acceptance of various eHealth
applications, some may not have beenidentified dueto selected
search phrases. In order to at least include those papers, which
can help us increase the validity of the findings, the
supplementary search keywords“EHR” and “EMR” were both
used as previoudly discussed.

The review was limited aso due to the selection of the
databases. Although they arethe outletsthat were deemed most
likely to publish eHealth acceptance-rel ated work, some papers
may have been missed. We tried to compensate for this potential
loss by ensuring that all selected databases were searched to
their full extent.

Mapping the identified eHealth adoption factors against the
UTAUT model can be subjective. We attempted to maximize
the accuracy and appropriateness of our mapping work by
applying the validity procedure.

Practical Implications

To Decision Makers at Health Care Settings

The study results could help decision makers at the health care
setting systematically understand facilitating forces and
inhibiting factors influential to the health care providers
acceptance of eHealth, and thus proactively introduce
interventionsfor the adoption success. For example, health care
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providers may lack the adequate computer skillsto use eHealth
systems or had previous negative technology experiences
[49,121]. IT support before, during, and after initial eHealth
implementation can provide a smooth transition to their
reengineered job routine and overcometheir technology phobia,
hence facilitating eHealth acceptance and use (eg, [27,78,81]).
I'T support includes, but is not limited to training, provision of
guideline documents, and troubleshooting [50,123,124].

Training can take various forms such as group training or
one-on-one training, which isideal in all circumstances[122].
One-on-onetraining needsto set expectations, teach health care
providers about the eHealth system features, customize the
technology for each particular specialty, and help them to
integrate the system (eg, e-Prescribing) into their medical
practice workflow [49].

Guideline documents as a knowl edge source promote authentic
trandlation of domain knowledge and reduce the overall
complexity of theimplementation task [123]. Each care provider
should be provided with a manua containing step-by-step
instructions for the system’s use [124].

Real timetroubleshooting (especially through internal resources)
facilitates the effective use of the eHealth system and becomes
essential to the system successin terms of actual usage [49,124)].
Health care providers need to know how to access it when
required [124]. A feedback mechanism (eg, online help) allows
health care providersto document aproblem that they are having
with the system and then to receive prompt feedback [13,125].
Compared with external support services from the IT vendor,
internal IT staff is more familiar with the work environment
and related needs, and may respond more quickly to an urgent
request [124].

Another example is eHealth/business process alignment.
Workflow is associated with routine processes, characterized
by afixed definition of tasks and an order of execution [126].
The eHealth system needsto be designed in close collaboration
with health care providers so that it truly assists their medical
practice [122,127,128]. The collaboration between IT vendors
and clinical sites is to understand the site's workflow and
determine the most suitable IT solution [124,129]. After the
workflow is analyzed thoroughly with health care providers
involvement, their participatory process is also essential to
fine-tune the system’s capabilities [128]. Extensive software
testing of the vendor's claims for the baseline functionality and
system adaptability to local needs is critical before the
implementation, as health care providers frustration from
software problems can promptly escalate and result in resistance
to continue using the system [128].

To Policy Makers at the Health Sector

By synthesizing the evidence from theliterature, our study may
also assist policy makers at the health sector in refining or
devel oping relevant policiesto push eHealth innovation. eHealth
adoption and ongoing maintenance requires a large capital
investment [131-133]. While the government in some cases
funds the start-up cost of an eHealth project (eg, the EMRX
system in Singapore), health care providers may still need to
undertake the operation and enhancement cost of their system
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[8]. In small or independent medical practices, thereislack or
absence of internal capacity for system maintenance; eHealth
vendorsalternatively provide all these services but often charge
high fees. Due to financia constraints, system maintenance
represents avulnerable spot for the entire effort of eHealth and
many practices underperform [130]. To address this challenge,
the devel opment of programs such as zero-interest or revolving
loans that make capital availableto health care provider groups
at low interest rates is essential, particularly in small or
independent practices [48,106,130].

Another important issue is interoperability. Bates commented
that the interoperability between eHealth applications and
seamless and reliable clinical information exchange isakey to
making EHR use a cornerstone of practice [130]. Even if
physicians started to use an EHR system, they might still be
unableto seamlessly share some other patient information (such
as laboratory and radiology results stored in Laboratory
Information Systems, LIS, and Picture Archiving and
Communication Systems, PACS) for clinical decisions [130].
According to a recent analysis, $77.8 billion USD could be
saved annually by interoperable clinical information exchange
among key stakeholdersin the health care delivery system [131].
The government should take stronger position to create a
database of eHealth vendors whose products meet certain
standards and enable clinical information exchange and to certify
these products [31,82]. The certification effort would also
minimize health care providers' uncertainty over the selection
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of aviable and sustainable product from hundreds of IT vendors
in the market [68,106].

Lega and regulatory changes can be required to address eHealth
adoption related issues [130,132]. For example, the Medicines
Regulations (1984) and the Misuse of Drugs Regulations (1977)
in New Zealand, which governs respectively the form of
medication prescriptions and controlled substances, stated that
indelible text and practitioners handwritten signature was
required for alegitimate prescription. To facilitate the adoption
of electronic prescribing and dispensing of medicines, the Health
Department of Commonwealth has amended the National Health
(Pharmaceutical Benefits) Regulations [8]. These amendments
came into effect from March 1, 2007 and the electronic
prescribing and dispensing process has been additional and
separate to the already existing paper-based process. The states
and territories have continuously been taking steps to remove
any legal barriers to the adoption of the electronic process in
each jurisdiction.

Concluding Remarks

In this 4-step literature review, 40 factors were identified to be
influential to health care providers' acceptance of eHealth and
organized in accordance with the UTAUT model. The findings
may help decision makers at health care settings and policy
makers at the health sector to better understand eHealth adoption
issues and take action to facilitate the eHealth innovation
process. Our work also suggests further studies to extend
theories on information technology adoption.

None declared.
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Abstract

Background: Clinical decision support systems (CDSS) are important tools to improve health care outcomes and reduce
preventable medical adverse events. However, the effectiveness and success of CDSS depend on their implementation context
and usability in complex health care settings. Asaresult, usability design and validation, especially in real world clinical settings,
are crucial aspects of successful CDSS implementations.

Objective: Our objective was to develop a novel CDSS to help frontline nurses better manage critical symptom changes in
hospitalized patients, hence reducing preventabl e failure to rescue cases. A robust user interface and implementation strategy that
fit into existing workflows was key for the success of the CDSS.

Methods: Guided by aformal usability evaluation framework, UFURT (user, function, representation, and task analysis), we
developed a high-level specification of the product that captures key usability requirements and is flexible to implement. We
interviewed users of the proposed CDSS to identify requirements, listed functions, and operations the system must perform. We
then designed visual and workflow representations of the product to perform the operations. The user interface and workflow
design were evaluated viaheuristic and end user performance eval uation. The heuristic eval uation was done after thefirst prototype,
and its results were incorporated into the product before the end user evaluation was conducted. First, we recruited 4 evaluators
with strong domain expertise to study the initial prototype. Heuristic violations were coded and rated for severity. Second, after
development of the system, we assembled a panel of nurses, consisting of 3 licensed vocational nurses and 7 registered nurses,
to evaluate the user interface and workflow viasimul ated use cases. We recorded whether each session was successfully completed
and its completion time. Each nurse was asked to use the National Aeronautics and Space Administration (NASA) Task Load
Index to self-evaluate the amount of cognitive and physical burden associated with using the device.

Results: A total of 83 heuristic violations were identified in the studies. The distribution of the heuristic violations and their
average severity are reported. The nurse evaluators successfully completed all 30 sessions of the performance evaluations. All
nurses were able to use the device after a single training session. On average, the nurses took 111 seconds (SD 30 seconds) to
complete the simulated task. The NASA Task Load Index results indicated that the work overhead on the nurses was low. In fact,
most of the burden measures were consistent with zero. The only potentially significant burden was temporal demand, which
was consistent with the primary use case of the tool.

Conclusions: The evaluation has shown that our design was functional and met the requirements demanded by the nurses' tight
schedules and heavy workloads. The user interface embedded in the tool provided compelling utility to the nurse with minimal
distraction.

(Interact I Med Res 2013;2(1):e4) doi:10.2196/ijmr.2402
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Introduction

Usability Issuesin Clinical Decision Support Systems

Clinical decision support systems (CDSS) are important tools
toimprove health care outcomes and reduce preventable medical
adverse events [1,2]. In the US, CDSS is one of the key
requirements for the government mandated meaningful use of
electronic medical record (EMR) adoption [3]. It was suggested
that smart, portable, point-of-care, and interoperabl e technol ogy
solutions could help reduce inefficiencies and improve patient
safety and outcomes for nurses [4].

However, the effectiveness and success of CDSS depend on
their implementation context and usability in complex health
care settings (eg, [5]). Studies have shown that different CDSS
implementations often yield very different clinical outcomes
(eg, [6,7]). A study found that a home grown CDSS designed
specifically for ahospital out-performed 31 other similar CDSS
deployments included in the study [8]. A multi-site study
indicated that nurses routinely over-ride CDSS recommendations
that do not fit their local practice, leading to apotential increase
of errors[9].

In particular, CDSS implementations often suffer from poor
usability, which directly impacts their adoption and
effectiveness. For instance, user interface (Ul) workarounds
have been shown to greatly diminish the effectiveness of widely
used CDSSs [10,11]. While many CDSSs rely on
alert/reminder-based user interactions to prompt the clinician
correct potential guideline violations, alert fatigue was a
common issue for those systems (eg, [12]). A study showed
that physicians who receive CDSS aerts were only dightly
more likely to take appropriate actions than those who do not
[13]. In the area of diagnostic decision support, it has been
demonstrated that the accuracy of diagnostic aid tools depends
ontheir Ul. Toolsthat require simple copying and pasting from
free text medical recordsyield more accurate results than tools
that require the physician to extract and categorize information
from the medical records [14,15]. As aresult, usability design
and validation, especialy in real world clinical settings, are
crucia aspects of successful CDSS implementation.

In this study, we developed a novel CDSS for the CHRISTUS
St. Michael health system (a 350 bed acute care hospital) to
help frontline nurses better manage critical symptom changes
in hospitalized patients. The CDSS is currently undergoing
clinical pilotsinside the hospital. The goal of the CDSSwasto
reduce preventablefailureto rescue (FTR) casesin the hospital.
Since the nursing work environment is subject to constant
interruptions and is error prone [16], a robust Ul and
implementation strategy that fit into the existing workflow was
crucial to the success of the system.

In this paper, we will discuss the design, evaluation,
implementation, and validation of the CDSS UI. Wewill present
several innovations in nursing CDSS Ul design, especially on

http://www.i-jmr.org/2013/1/e4/

large touch screen devices. Theinternal agorithmic design and
the validation of decision rules, however, are beyond the scope
of this paper. In the next section, we will start with a brief
clinical background of the nursing CDSS tool.

Nursing Decision Support for Early Detection of
Critical Changes

Early Symptom Recognition and Response

The FTR is aleading patient safety indicator with the highest
incident rates among all indicators according to a recent
large-scale study [17]. In 2010, FTR measure was included as
one of the Inpatient Prospective Payment System measures by
the Center for Medicare and Medicaid Services, which directly
affects hospitals’ reimbursements[18].

FTRs are often considered preventable because the symptoms
of adeteriorating patient could present hours before the rescue
starts. Examples of such critical symptom changeinclude patient
complaint of a new pain, mental status change, and difficulty
breathing etc. Studies have indicated that many FTRs could
have been averted if the critical symptoms in patients were
captured, evaluated, and communicated early.

It was suggested that the nurses’ early recognition, evaluation,
and decision making of symptom signs could play an important
rolein FTR [19,20]. A study conducted in a surgical oncology
population indicated that many complications are detectabl e by
nurses and can be managed with timely intervention [21]. It
was suggested that 23,000 in-hospital cardiac arrestsin the UK
could be prevented every year if early signs of symptomswere
detected and acted upon [22]. A 2009 study demonstrated that
an early symptom recognition and response system could help
improve outcome of sepsis and septic shock, which have
hard-to-detect symptoms [23].

Simply detecting and evaluating the critical symptom changes
is not enough. The potential complication must be
communicated to therest of the clinical team, and be escalated
to the right team members in order to organize effective
interventions. It was argued that FTRs are often caused by the
failure to communicate [24]. Interventions such as the rapid
response team (RRT) have demonstrated effectiveness in
reducing FTRs when the issues are escalated on time [25,26].
Infact, the national deployment of RRT hasthe explicit purpose
of supporting nursesin managing critical changes before coding
arrest [27]. It was also suggested that escalating to surgical
residents could improve rescue success rates [28], indicating
that the optimal path of escalation needs to be selected by the
nurses as part of the decision-making process.

Role of Frontline Nursesin Symptom Evaluations and
Rapid Response I nterventions

Frontline nurses are often the first to notice critical symptom
changes. Their decisions at the point-of-care are crucial factors
determining whether FTR events can be reduced. However, at
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the same time, nurses are ill equipped to manage critical
symptom changes in hospitals.

The frontline nursing staff in most hospitals have very high
workloads, need to manage extensive multitasking, and are
fatigued [16,29]. The fatigue has been demonstrated to
negatively impact nurses’ cognitive performance[30], including
symptom evaluations. In fact, studies have shown a strong
anti-correlation between nursing staffing levels and medical
error rates [31].

The average skill and training level s of nurses do not adequately
prepare them to eval uate potentially complex symptom changes.
A study found that a 10% increase in the proportion of nurses
holding abachelor’s degree was associated with a 5% decrease
in the odds of FTR [32]. Furthermore, most diagnostic aid
CDSSs, such as differential diagnostic tools and diagnostic
reminder tools, were designed for physicians to use in office
settings, as opposed to nurses at the bedside.

Whilethe RRT isaproven effective intervention for FTR, RRT
resources can be under-utilized [33] because the nurses do not
feel comfortable activating the RRT. Better communication has
been shown to improve RRT utilization [34]. It has been
suggested that mandatory RRT activation helps reduce
cardiorespiratory arrests outside of critical care areas in a
hospital [35].

The hieratical structure in hospitals is known to impede nurse
decision-making process [36]. Nurses are often discouraged
from communicating and escal ating problems. While hospitals
across the nation have implemented teamwork frameworks,
such asthe TeamSTEPPS [37], the emergency communication
between nurses and physicians is till often error prone and
require standardization [38].

Design of CDSS

A specially designed CDSS could potentialy help the nurse
address the above issues related to critical symptom changes
and FTRs. Such CDSS requires specia design considerations
for two reasons.

First, the system must be tailored to the nurses' training and
cognitive levels, and generate action items that are appropriate
for the nurse. Most floor nurses have gone through less than 4
years of medical training after high school, and they do not have
independent authority to treat the patient without the physician’s
prescription.

Second, the system must be adapted to the fast paced workflow
during arescue operation. The tool must be ubiquitous, instant
on, and provides useful feedback in merely minutes. The
application should enhance real-time communication across
team members, as opposed to bringing in another computer that
impedes face-to-face communication.

Both challenges highlight the need for a novel design, and
formal evaluation of the system Ul and workflow.

Cognitive Design of Ul

Human-computer interaction and workflow designs are crucial
for the success of clinical informatics projects. A large body of
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research has been devoted to study methods and techniques to
evaluate usability of systems.

Early efforts focused on creating human models and breaking
down tasks into small pieces that could be directly measured
and optimized for user performance. For instance, the goals,
operators, methods, and selection rules family of frameworks
[39-41] are widely used to model human users as information
processors. They break down user actions (eg, every key stroke),
and measure time consumed in each step to eval uate the overall
effectiveness of the Ul. However, such frameworks do not take
into account the intrinsic difficulty of the task and the
functionality of the Ul. They arevery good at evaluating systems
that predominantly reguire movement operations, but are less
effective in evaluating systems with heavy cognitive tasks.

For cognitive systems, analysis of the Ul itself is a key aspect
of usability design, because Ul design often has adeterministic
effect on user performance. Research in cognitive theory has
indicated that different visual representation of the same
underlying work problem could produce dramatically different
user performance in terms of ability to complete tasks correctly
and productivity [42,43]. A well-known exampleisthat Arabic
numerals are much easier to add and multiply than their
equivalent Roman numerals.

Furthermore, complex work often requires collaboration of
multiple users. It was demonstrated that cognition can be
distributed across multiple users working on the same system
[44-46]. Hence, another important aspect of usability designis
to evaluate each user’s goals and functions, and then translate
them into a cohesive UI.

A popular design approach that works with the above cognitive
design principles is the work-centered design (WCD) [47,48].
WCD treats the Ul as an aid for the user to achieve a specific
work task. It conceptualizes steps for knowledge capture,
requirement analysis, aiding design, and evaluation, whichisa
process followed closely in modern software devel opment.

A particularly interesting application of distributed cognition
and WCD in the medical informatics field isthe UFURT (user,
function, representation, and task analysis) [49-51] framework.
For this project, we decided to use the UFURT framework as a
guide for usability design. The primary reason for usto choose
UFuURT isits successful track record in design and evaluation
of medical information technology (IT) products [52-54]. Its
usability evaluation process consists of 4 major steps:

1 User analysisisused to identify users and stakehol ders of
thework product, and document their needs and objectives.
The user requirements are trandated into system design
requirements in this process.

2. Function analysis aimsto generate an essential description
of thework. The UFURT process callsfor a4-step analysis
to detail the dimensions, constraints, relations, and finally
operations.

3. Representational analysis is the design process to identify
and determine the implementation representations of
relations among the dimensionsidentified in the functional
analysis. The representation includes Uls and workflows
for different types of users of the system. Representational
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analysisisacrucial step of the design process since it has
been convincingly demonstrated that  different
representations of the same task can have very different
impacts on the user’s efficiency and productivity [55]. The
ease-of -use of the Ul isalso one of the major factorsdriving
adoption of any technology product [56].

4. Task analysis is to identify steps by a specific user on a
specific representation in order to carry out an operation.

In the context of our project, we used UFURT framework to
analyze software requirements and inform the specification.
Hence, we focused on user analysis and Ul design aspects of
representation analysis. We performed a high-level functional
analysis and did not perform task analysis in the design stage.
The reason was that complete functional and task analysis
require full knowledge of every detail of the product, which
would not provide enough flexibility for our iterative software
development process.

Methods

Design Goals and System Requirements

The overall objective of the system was to help prevent patient
safety events during critical changes. Through interviews with
hospital-based clinicians, we have specifically identified
symptom evaluation and escalation as the 2 main functional
goals of the CDSS.

I mprove Symptom Recognition and Evaluation

Existing Procedures

While nurses do not make diagnoses, they are the first to
recognize and evaluate the patient symptom changes. Based on
their evaluation, they would decide how to (or whether to)
coordinate further care, and their evaluation results are often
accepted by the team as the basis of aformal diagnosis.

Existing diagnostic CDSS tools provide a proven framework
to help reduce errors in diagnostic evaluation, and improve
documentation of the clinical findings that lead to diagnoses.
Specialy, the CDSS needs to provide 2 core functionalities.

Provide Just-in-Time M edical Content to the Nurse

For many critical symptom changes, there are multiple possible
diagnoses. An example is that a hospitalized patient suddenly
feels chest pain. The chest pain could be an indicator of heart
attack, which needsto be attended to by acardiologist or surgery
team immediately; or the chest pain could indicate reflux or
indigestion, which is arather common condition that is simple
to treat.

The frontline nurses typically do not have enough medical
training and experience to thoroughly evaluate those potential
diagnostic outcomes. The CDSS should provide specific
instructions for the nurse to follow, and then make
recommendations on what to do next. For instance, it should
provide specific instructions on whom to call and what to say
during the call for each potential diagnosis. The system does
not replace human decision-making or training, but it provides
support to hel p nurses deal with complicated emergent situations
to the best of their capabilities.
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Reduce Common Cognitive Errors

Common cognitive errors that lead to diagnostic errorsinclude
premature closure, anchoring, confirmatory bias, and framing
[57]. Those errors happen because the cliniciansignore certain
findings or give certain other findingstoo much weight. Studies
have indicated that cognitive errors such as premature closure
are the most common cause of diagnostic errors made by
clinicians [58]. A key design goal of the CDSS was to help
reduce those common cognitive errors.

To reduce framing and premature closure, the CDSS should
encourage and prompt the clinicians to check all possible
diagnostic outcomes, especially severe outcomes that lead to
FTRs. The CDSS should aso prompt the clinicians to verify
all important symptoms and findings rel ated to major diagnostic
outcomes to minimize missed diagnoses.

To reduce anchoring or confirmatory bias, the CDSS should
present an objective estimate of likely diagnoses and suggested
clinical actions based on the current findings. The objective
probability estimate could reduce the user's reliance on
reconceived decision biases.

Facilitate Team Communication

Teamwork

Teamwork is one of the few proven approaches to improve
patient safety and care quality in hospitals[37,59]. Particularly,
our system should be designed to increase the utilization of the
RRT, and improve communication between nurses and
physicians.

RRT Utilization

Aswediscussed intheclinical background, RRT isan effective
approach to help reduce FTR when it isdepl oyed correctly. Our
CDSS aimed to improve the effectiveness of the RRT by
activating RRT early and making RRT mandatory when the
nurse detects certain warning signs.

The CDSS needs to provide an easy and non-intrusive way to
automatically aert the RRT at appropriate times. The RRT
consists of more experienced clinicians, and they can decide
whether or when to respond to those alerts. At the same time,
it isimportant for the CDSSto clearly notify the nurse when it
sends aerts to the RRT and the status of the aderts. The user
must feel that he/she isin full control in order to effectively
utilize the system.

Nur se-Physician Communication

If the floor nurse determines that the patient needs assistance
from a physician, he/she would call the physician and explain
the situation. The conversation could be afrustrating experience
for both the nurse and the physician due to different
expectations. That could result in the physician losing
confidence in the nursing staff, and nurses delaying calls to
physicians. The system should provide tools to help nurses
communicate better with physicians in emergency situations.
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Development of the Softwar e Specification

Design

We used the UFURT framework as a conceptual guide to
develop the software specification for the CDSS tool.
Specifically, weidentified users of the system, and documented
use case stories for each user (ie, user anaysis). We identified
high-level functions the system must perform to meet the user
requirement (ie, functional analysis). And finaly, we created
visual representations of the Ul that can best accomplish those
functions (ie, representational analysis). The UFURT task
analysiswas not conducted at the design stage. Instead, the tasks
were evaluated as part of the user evaluation process described
later in this article.

User Analysis

Users of the proposed CDSS were members of the clinician
team responsible for rescuing patients in the hospital. They
included floor nurses, RRT nurses, and physicians. The user
roles described in this section were based on interviews with
hospital clinicians.

The primary users of the CDSS were the floor nurses. The
system presented information and actionsthat were appropriate
to the floor nurses. Specifically, the system could not present
medical content that required MD-level training to understand,
or ask nurses to make diagnostic decisions on their own. The
CDSS also could not instruct the nurse to perform clinical
actions that he/she was not authorized or qualified to do, such
asperforming advanced examinations, ordering labs, or writing
prescriptions. Furthermore, a key characteristic in the floor
nurse’s work environment is that they are very busy and have
established workflows. The system added minimal overhead to
the existing workflows.

If the floor nurse detected a potential problem, the RRT nurse
was the next escalation step. RRT nurses are typicaly paged
by the hospital internal communication system, and hence the
CDSS must support paging the RRT. The system should give
RRT nurses more options as they have the authority to perform
standing orderson patients. Finally, when the RRT nurse arrived
at the bedside, in order to minimize errors at the hand-off of
care, it wasimportant for the CDSSto have clear documentation
on the findings and actions that have been performed by the
floor nurse so far.

The physician in charge of the patient should be notified when
thereisaprobable problem with the patient. The system should
provide accurate and concise summaries of the patient condition
for the nurseto read to the physician when talking on the phone.

Functional Analysis

Once the user requirements were determined, we developed a
list of high-level functions the system must perform. Please
notethat we did not create adetailed catal og of functionsat this
stage of development. Instead, we focused on high-level
operations in order to provide implementation flexibility. Key
operations of the system include the following:

« ldentify the symptom change that triggers the use of the
system
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« ldentify alist of potential diagnoses

« ldentify alist of potential clinical findings that will reject
or affirm those diagnoses

- Enter clinical findings

« Re-evaluate the probabilities for each diagnosis after each
finding

« Repeat for dl findsuntil adiagnosis becomeshighly likely

« ldentify the action items for this diagnosis

« ldentify the escalation path for this diagnosis

«  Perform operations required in the action items list

In addition, we have also identified non-essential operations
that were related to the specific design of the system. Such
operationsincluded user login to the system with badge number,
synchronization of the device content with online repositories,
user entry of the patients’ room number, and user configuration
of the device for display options.

Ul Design

Overview

The Ul of the product was designed to address operationslisted
in the previous section. It aimed to present a familiar and
non-intrusive interface to the user at the point-of-care. In this
section, we describe key features of the UL.

Mobility Through a Consumer Tablet Device

We decided to implement the Ul on atouch screen consumer
tablet device. The reason behind choosing a tablet device was
that it can be accessed anytime, anywhere, and could be carried
around by the clinician or be made available at the bedside. The
tablet device was connected to the hospital secure WiFi system
to accessmedical records, alert RRT and other teams, and update
clinical content as needed.

The choice of a consumer tablet, as opposed to a dedicated
medical device, was due to two reasons. First, the consumer
devicewas much cheaper to deploy. A consumer iPad costsless
than one third of a specia purpose tablet PC on the market.
Second, the consumer device featured an Ul that the nurses
were aready familiar with due to his or her use of similar
devices at home.

The most widely used and user-friendly consumer tablet device
on the market is the Apple iPad, which we chose as the
implementation platform for the CDSS device.

Dynamic Checklist Design

Most existing diagnostic decision support tools use decision
trees [60] or text-based free form search [15] to generate
potential diagnoses. We determined that neither approach was
suitable for nurses in emergence situations. Decision trees are
slow and hard to recover from accidental typos. Text-based data
entry isvery sow on amobile device.

Instead, we decided to use another Ul metaphor that is
commonly used in hospital environments—the medical
checklist. The main Ul of the system was a dynamic checklist
for the nurse to go over and examine clinical findings related
to the patient. Checklists have been shown to reduce medical
errors [61,62], and could help prevent severa categories of
cognitive errors (outlined in Section 3.1.2 of [63]). Ul is
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important for checklists. Effective checklists need to be
prioritized, short, highly usable, and integrated into the clinician
workflow [64].

Figure 1 showsasplit panel screenwith 2 lists. Thisisthe screen
that the nurses see when he/she selects a critical change (eg,
"chest pain" or "mental status change"). The checklist to the
right isalist of measurements and observationsthe nurse needs
to performin order to evaluate the patient. The list was ordered
based on the priority and potential impact of each finding. The
nurses were encouraged to work on the high priority tasks at
the top of thelist first.

Thelist ontheleft shows potential causesfor the patient's critical
change (ie, the diagnostic outcomes). The causeswerelisted in
order of their probabilities based on the current findings from
the checklist items on the right panel.

Yuan et d

All the user needed to do was to follow the checklist and enter
asimpleyes/no answer to thefindings. With each yes/no answer,
the system automatically recalculated and redisplayed the
diagnostic outcome probabilities and the priorities of the
remaining checklist items.

The nurses could go through the findings checklist in any order.
The nurses could also undo any choices to go back to any
previous state. That allowed the nursesto pick and choose tasks
that happen to fit the existing workflow at any point of the
process. There was no need to interrupt the flow just to provide
afinding required by the software.

This is different than the typical decision tree or flow chart
decision models, where the workflow is dictated by the software
system.

Figure 1. The main split screen user interface of the decision support system.
10:01 PM

Outcomes ﬁ Chest Pain
Heart Attack 85% » To be checked
% > Labored Breathing Yes No ()
/o
) MI or rule out Mi Yes No (>)
4% » B —
% > Substernal Chest Pain Yes No (?)
Pheumothorax 3% > History of Coronary Artery Disease Yes No (>)
Pain on one side Yes No (>)
Start over w/ new trigger I
Short of Breath Yes No (>)
Start over w/ new patient —— |
T (T 7 0T D History of Similar pain that was cardiac Yes No (>)
Skin Cool & Damp Yes No ()
Pain worsened by movement/breathing Yes No (>)
History of Reflux / Indigestion Yes No (>)
Recent History of Pneumonia Yes No ()
D|m|n_|shed or absent breath sounds on Yes No ©
one side

RRT Integration

The CDSSwas connected to the hospital communication system,
and it automatically sent out pages to the RRT as the nurse
works on the patient. The RRT members could then decide
whether to intervene depending on how severe the patient
condition was as reported by the nurse through the device.

If the RRT decided to intervene, they could simply take over
the CDSS device, which has documentation of the findings the
nurse had already completed.

http://www.i-jmr.org/2013/1/e4/

Communication Checklist

The CDSS provided a standard list of itemsfor the nursesto go
through with the physicians when a likely diagnosis emerged
(Figure 2). The nurse action lists were customized for each
diagnostic outcome, and included orders the nurses should
anticipate from the physicians. The nurses could get ahead start
by preparing for those orderswhiletrying to reach the physician,
saving time for the patient rescue.
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The action itemswere reviewed and approved by the physicians
in the hospital, and they were designed to enable physiciansto

Figure 2. The action items for the nurse after alikely outcome is reached.
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make quick decisions over the phone.

10:02 PM

Heart Attack

What is Heart Attack?

Nurse Actions

EMERGENT CONDITION

M Anticipate Transfer to ICU

g Anticipate order for EKG

Anticipate Lab orders- CPK, CK-MB, Troponin

Call Physician- Be pr

v/ Admitting Di
W Length of Stay
g Significant Events

Vital Signs

Patient Complaints

Implementation of the CDSS

The CDSS system wasimplemented as a client-server computer
application. The main component of the system was an iPad
application developed in Objective C using the Apple i0S
software devel opment kit. TheiPad application provided all the
Ul elements described in the design, and it was the only Ul
device the nurses needed to interact with during the patient
evauation process. The iPad application contained a
SQL.ite-based relational databaseto store decision rules, medical
content, user credentials, and usage logs. The application
required access to the hospital’s secure WiFi network in order
to send paging messages to the RRT members. Except for the
RRT page, the iPad device could function entirely without
network connectivity, and only needed to occasionaly
synchronize with the backend database for content updates.

The second component of the system was an online content
management system (CMS) to manage the decision rules,
medical contents, and authorized users and devices. The system
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was designed as a Web application built on Java Enterprise
Edition running on Tomcat and MySQL database servers. The
interface with the iPad device was programmed as RESTful
XML Web services. The CM S had a human Ul that visualized
the content and allowed CRUD (create, retrieval, update, and
delete) operations of the content items from any Web browser.
Proper user authorization was enforced in the CM S so that only
users with certain roles (eg, physicians and managers) could
update the content. Figure 3 shows a screenshot of the CMS
Web page that allowed reviewers to associate findings and
actions with diagnosesinto clinical rules.

The CM Sad so provided an interface for the physician reviewers
to review cases based on the usage log of the iPad device. That
supplemented the brief information recorded in formal medical
records and provided insights into how to improve the system
in the future.

In the next two sections, we will discuss evaluations and
validationswe performed on the CDSS, especially theiPad Ul.
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Figure 3. Theclinica rule editor in the Web-based CMS.

Yuan et d
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Evaluation M ethods

Evaluation Process

The Ul and workflow design of the product was evaluated using
heuristic eval uation and performance-based end user evaluation.
The heuristic evaluation was done after the first prototype, and
its results were incorporated into the product before the
performance-based eval uation was conducted.
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Heuristic Evaluation

Heuristic evaluationisaformal Ul evaluation method designed
to uncover potential problems in a product [65-68]. It is
particularly well suited for prototype and early stage products
as a discounted aternative to full usability testing [68]. A
heuristic study istypically conducted by 3-5 independent expert
evaluators who are trained on Uls. Studies have suggested that
3 expert evaluators can uncover 80-90% of usability problems
that would have been uncovered by a full usability study from
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end users [69]. In health care I T, heuristic evaluation has been
successfully used to evaluate Uls for products ranging from
EMRs[70] to medical devices[68,71].

In this project, we incorporated heuristic evaluation into the
iterative product design and devel opment process. Based onthe
functional requirements outlined earlier in this paper, we built
a first prototype, conducted heuristic evaluation, and then
improved the prototype by addressing the heuristic violations
identified by the evaluators.

It was demonstrated that the evaluators who are expertsin both
Ul design and the specific application domain tend to be most
effective in identifying heuristic violations [69]. Since a key
requirement in our product was to cause minimal disruption to
the clinical workflow, we believed that evaluators with strong
domain expertise are crucial. Werecruited 4 evaluatorsto study
the initial prototype. JL is an information scientist trained in
usability evaluation and technology adoption. Sheisan associate
professor at the Texas State University. CM isaregistered nurse
and hospital quality management specialist. She hasover 5years
of experience with RRTsin hospitals. She received training by
JL to conduct heuristic evaluation. RM is a registered nurse of
20 years of experience with 5 years in the RRT. She received
training from JL to conduct heuristic evaluation. CE is a
registered nurse of 15 years of experience with 5 years in the
RRT. He received training from JL to conduct heuristic
evaluation.

The evaluators went through all Ul elementsin the application,
and used the 10 heuristics in the computer software for
evaluation [65]. The heuristic violations were coded and
documented. They werethen rated for severity by all evaluators
inthe team. The severity was rated on the scale of 0 to 4, where
ascore of 0 meant that it isnot ausability problem at all, 1 was
a cosmetic problem only that did not need to be fixed unless
extra time was available, 2 was a minor usability problem and
fixing this was given low priority, 3 was a magjor usability
problem that was important to fix and was given high priority,
and 4 was related to release block issues and was imperative to
fix before the product could be released.

The heuristic violations were entered into an issue tracking
system for the engineering team. The product reached its first
release after all heuristic violations rated 3 and above were
fixed.

Performance-Based Evaluation

Overview

Once the first release of system was devel oped, we assembled
apanel of nursesto evaluate the Ul and workflow viasimulated
use cases. The panel consisted of 10 nursesfrom our target user
group in the hospital. The panelists had varied education
background and experience levels. There were 3 licensed
vocational nurses and 7 registered nurses on the pandl. All of
them were non-rapid response nurses working full time on the
floor. Their work experience ranged from 1 to 39 years, with a
median of 23 years. The simulation study was conducted as
follows.
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1. Thenurse enters a patient room to meet the study monitor.
The monitor givesatrigger symptom verbally to the nurse.

2. The nurse goes back to the station and fetches the tablet
device. On the way, he/she will enter badge number, room
number, and select the trigger symptom from allist.

3. When the nurse enters the room again, he/she can go
through the checklist in any order. The nurse will verbally
ask the monitor questions on the checklist, and the monitor
will provide ayes/no answer.

4. When the nurse has received enough information, he/she
decides on alikely diagnostic outcome for the patient.

5. The nurse will read out aloud each of the action item
associated with the diagnostic outcome.

The process was repeated 3 times for each nurse. The tablet
device automatically logged usage during the sessions.

Task Completion

We recorded whether each nurse successfully completed each
session. The first session for each nurse was considered a
training session to get the nurse familiar with the device, and
was not included in the eval uation results. The successcriterion
was to have the nurse walkthrough the entire process and reach
the action items without external help.

Completion Time Evaluation

For each session, we recorded the entire duration from the time
the nurse walked into the room to the point where the nurse
finished reading the action items. The completion time was an
estimate of how much overhead time the use of the device added
to the whole workflow. Since the product was designed to help
nurses make quick decisionsin urgent situations, it was crucial
that the tool does not introduce too much overhead on its own.
The evaluation criterion for the tool wasthat it should add less
than 5 minutes of overhead to the existing clinical workflows.

NASA Task Load Index

After each session, the nurse was asked to use the National
Aeronautics and Space Administration (NASA) Task Load
index [72] to self evaluate the amount of cognitive and physical
burden associated with using the device. The NASA task load
index is a validated instrument for evaluating the burden of
multiple tasks auser hasto performin parallel. It iswell suited
for the use scenario of this application wherethe user isrequired
to multitask. The NASA Task Load | ndex has been successfully
applied in evaluating health care IT products in the past [73].
The evaluation criterion for the released product was that the
task load introduced by the tool should be minimal.

Results

Key Issues ldentified in Heuristic Evaluation

In Table 1, we list a few examples of the heuristic violations
identified by the evaluators. Each issue was categorized into
one of the 10 common software application heuristics [65],
identified by the place in the software product where it occurs,
and assigned a severity based on the consensus rating by the
evaluators.
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A total of 83 heuristic violations were identified in the studies.
Tables 2 to 4 list the distribution of the heuristic violations and
their average severity.

The released version of the product had all heuristic violations
rated 3 and above fixed. In this study, heuristic evaluation
conducted by experts improved the usability of the product.

Per for mance-Based Evaluation Results

The 10 nurses on the panel successfully completed all 30
sessions of the performance evaluations. All nurses were able
to use the device after a single training session with the
instructor.

Table 1. Example heuristic violations.

Yuan et d

For each nurse, we took the median completion time from the
3 sessions, and then cal cul ated the mean and standard deviation
across the 10 nurses. On average, the nurses took 111 seconds
(SD 30 seconds) to complete the simulated task. That is well
within the 5 minutes overhead goal that we had set.

The NASA Task Load Index results indicated that the work
overhead on the nurses was low. In fact, most of the burden
measures were consistent with zero, as seen in Table 5. The
only potentially significant burden wastemporal demand, which
is consistent with the primary use case of thetool. The tool was
designed for the nursesto go over the symptom and vital signs
checklists quickly, hence it exerts natural temporal pressure to
its users.

Heuristics violated Place of occur-  Severity Usability problem description
rence

Visibility of system  Start 3.8 When syncing the application, therewas no way to know if it will take 15 seconds or 10 minutes.

status It would be niceto know that it will take approximately 1 minute or show a percent completion.

Match between sys-  Outcome 34 List the outcomes as percentages instead of just a number without percentages.

tem and thereal world

User control and free-  Checklist 4 The user should have the ability to change an answer once it has gone down to the list of an-

dom swered questions. | can see frustration with the process if you have to completely start over to
change an answer.

Consistency and stan-  Outcome 1 Color code should be far apart along the visible spectrum so that the outcome can be clearly

dards distinguished.

Error prevention Checklist 4 Have the user confirmation when backing out of a screen that would cause the user to have to
reenter all data

Recognition rather Checklist 2 Abbreviations are used in the checklist. It should follow a simple primary rule.

than recall

Flexibility and effi- Checklist 3 If we add future triggers, there needs to be away to ensure that when the keyboard displays

ciency of use that it does not cover the last triggers. Currently it is not a problem but should build this into
system now.

Aestheticandminimal-  Outcome 3 There were too many "start over" displays currently. It would be simpler to have 1 button with

ist design adrop down screen listing the options: trigger, patient, or user. The questions also need to be
reviewed by Dr. Finley and the RRT as currently there are afew questions that ask the same
thing, but are just worded differently, and duplicating the questions is unnecessary.

Help user Recognize, Start 4 When a user accidentally hit the home button on iPad, the system will close without any

diagnose, and recover warning and al datawill be lost. Restarting within 1 minute allows you to get back to where

from errors you were. Otherwise the program will close.

Documentationand ~ Outcome 3 The outcomes are in different colors. | am not sure that the staff will know what the color-

help

coding means. Define the color scheme.
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Table 2. Number of the heuristic violations across the heuristics.

Heuristics violated Count of usability problem description
Aesthetic and minimalist design 4
Consistency and standards 10
Documentation and Help 13
Error prevention 6
Flexibility and efficiency of use 4
Help user recognize, diagnose, and recover from errors 12
Match between system and the real world 10
Recognition rather than recall 4
User control and freedom 8
Visibility of system status 12
Grand total 83

Table 3. Severity of the heuristic violations.

Heuristics violated Average of severity
Aesthetic and minimalist design 225
Consistency and standards 149
Documentation and Help 3.01
Error prevention 3.88
Flexibility and efficiency of use 2.88
Help user recognize, diagnose, and recover from errors 2.48
Match between system and the real world 2.50
Recognition rather than recall 2.20
User control and freedom 313
Visibility of system status 293

Table 4. Places of the heuristic violations occurrence.

Places of occurrence Count of heuristics violated
Action 13
Checklist 33
Outcome 13
Start 24
Grand total 83

Table 5. The task burdens measured by the NASA Task Load Index.

Task burden Average out of 100 (SD)
Mental demand 10.0(7.4)
Physical demand 1.8(2.1)
Tempora demand 20.4 (24.8)
Performance 10.7 (11.3)
Effort 45(4.9)
Frustration 16(2.5)
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Discussion

We have demonstrated that the usability of the CDSSissuitable
for nurses in hospital environments. However, the ultimate
success of the CDSS tool depends on many factors beyond
usability, such as training and culture. In the next phase of the
project, we have received generous funding from the Center for
Medicare and Medicaid Innovations and CHRISTUS Health
System to deploy the CDSSin 17 acute and long care facilities
ina3-year clinical deployment. Thedirect measurement of FTR
cases and preventable complications at the deployment sites
will provide the ultimate validation of the efficacy of the tool
in improving patient safety and hospital care.

In this paper, we discussed the Ul design and evaluation of a
new decision support tool for nurses. The system was designed
to help nurses recognize and escalate early warning signs of
patient deterioration in acute care settings. The system will be
used by floor nursesto evaluate patientson adaily basis. It will
automatically aert the RRT when probable diagnoses are
reached.
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Abstract

Background: Thispaper adopts acommunication and sociocultural perspectiveto analyze thefactorsbehind thelagin electronic
medical record (EMR) adoption in the United States. Much of the extant research on this topic has emphasized economic factors,
particularly, lack of economicincentives, asthe primary cause of the delay in EMR adoption. This prompted the Health Information
Technology on Economic and Clinical Health Act that allow financial incentives through the Centers of Medicare and Medicaid
Services for many health care organizations planning to adopt EMR. However, financial incentives alone have not solved the
problem; many new innovations do not diffuse even when offered for free. Thus, this paper underlines the need to consider
communication and sociocultural factors to develop a better understanding of the impediments of EMR adoption.

Objective: The objective of this paper was to develop a holistic understanding of EMR adoption by identifying and analyzing
the impact of communication and sociocultural factors that operate at 3 levels: macro (environmental), meso (organizational),
and micro (individual).

Methods: We use the systems approach to focus on the 3 levels (macro, meso, and micro) and devel oped propositions at each
level drawing on the communication and sociocultural perspectives.

Results: Our analysisresulted in 10 propositions that connect communication and sociocultural aspects with EMR adoption.
Conclusions: This paper brings perspectives from the socia sciences that have largely been missing in the extant literature of
hedlth information technology (HIT) adoption. In doing so, it implies how communication and sociocultural factors may complement
(and in some instances, reinforce) the impact of economic factors on HIT adoption.

(Interact I Med Res 2013;2(1):€5) doi:10.2196/ijmr.2437

KEYWORDS
electronic health records adoption; communication; systems approach

The US Government has made considerabl e effortsto improve
the rate of EMR adoption [2-4]. The most recent effort was to
provide financial incentives to health care organizations to
implement these technologies under the Health Information

Introduction

The slow adoption of electronic medical records (EMR) has
become a critical challenge in the health care industry of the

United States. [1]. Quicker adoption of EMR is necessary to
streamline key processes in the health care industry, integrate
activities across health care organizations, reduce overall health
care costs, and improve care quality.

http://www.i-jmr.org/2013/1/e5/

Technology on Economic and Clinical Health (HITECH) Act
[5]. This has led to a margina improvement in the EMR
implementation rate, but the adoption lag persists [6]. The
financial incentives for adoption are available only if health
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care organizations agree to meet the “meaningful use” criteria
set forth by the Centers of Medicare and Medicaid Services
(CMS), which outlines a set of requirements (classified under
stagel, stage 2, and stage 3) that would demonstrate meaningful
use of the certified EMR technology. Failure to meet those
criteriawill lead to loss of financia incentiveswith detrimental
effects on the successful adoption of EMR [7]. A recent study
reportsthat many health care organizationsthat are getting such
incentives do not plan on implementing meaningful use stage
| [8]. Further, a significant number of long-term health care
providers such as nursing homes, home health agencies,
long-term acute care hospitals, and inpatient rehabilitation
hospitals are not eligible for incentives given their lack of
Medicare and Medicaid patient mix, leaving the overall EMR
adoption rate “dismally low” [7]. The latest report from the
Centers for Disease Control and Prevention and other studies
show that another major part of the health care sector, small
practice physicians, also has a very low EMR adoption rate
[6,9]. Thus, despite al recent efforts, the EMR adoption lag
persists.

Even among those health care organizations (HCOs) that have
made efforts to implement EMR, there is a very high failure
rate—studies show that up to 80% of EMR implementations
fail [10,11]. Accurate estimates of implementation failures are
difficult to find, as many HCOs are reluctant to report it.
Approximately 19% of EMRs are uninstalled after
implementation, and approximately 30% are not used to their
full potential by the care staff [12]. Further, many hospitals,
especialy Critical Access Hospitals, were found to be lacking
the technological pre-conditions required for achieving
meaningful use [13]. Thus, it is clear that despite the financial
and other incentives provided by the government, the adoption
of EMRSs remain quite problematic. A major reason for thisis
thelack of aclear understanding of all thefactorsthat arelikely
to affect EMR adoption.

The extant research on EMR adoption suffers from a “silo”
effect, typically focusing on variables drawn from a single
theoretical perspective or on adoption barriers that affect a
limited set of EMR'’s diverse and numerous stakeholders [14].
For example, alarge set of studies had drawn on Rogers' [15]
diffusion model (which focuseson individual level factors) and
consequently employed a* physician as adopter” perspectiveto
examine physician resistance to EMR [2-4,16-18]. Findings
from these studiesindicated several individual factorsimpeding
EMR adoption, including concerns over computers affecting
work flow, concerns about computers interfering with
physician-patient interactions, limited computer literacy of
physicians, and apprehension about the often unclear benefits
of the new technology. At the same time, these studies seem to
have ignored the existence of important organizational level
factorsimpeding adoption such aslimited return on investment,
high cost of technology adoption, lack of resources, and
misaligned incentive structures [2-4,19,20]. Similarly, another
set of studies[11,21-23] adopted an economic perspective and
ingtitution level focus, ignoring the potential impact of
non-economic and individual level factors. Most of these studies
ignored theimportance of environmental (or sector level) factors
such asthe adoption of technology and process standardsin the
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health careindustry [19]. Hence, we need a systems perspective
to understand the impact of each factor at the macro or
environmental level, meso or organizational level, aswell asat
the micro level [24].

While there is extant research on many organizational and
individual factors, the studies focusing on economic factors
received the mogt attention. These studiesindicated that adoption
is dependent on the cost effectiveness of the innovation (ie,
EMRs) [3,11,21-23] and on economic incentives [ 25]. However,
from the communication literature, we know that an innovation
may not get adopted even when offered free of cogt, if the
adopters have inadequate information or knowledge regarding
the innovation or if they do not understand the benefits of
adopting the innovation [15,24,26]. Such a communication
perspective (that aso incorporates knowledge transfer) could
shed light on the current state of EMR adoption that islagging
even after providing financial incentives[27-30]. Similarly, the
sociological (or sociocultural) perspective emphasizes that
innovation adoptionissituatedinasocial (cultural) context and
implies that the norms and values of the individual, the larger
community of the individual, and the organization that the
individual belongs to, all can influence adoption [15,31,32].
Hence, to understand the impediments of EMR adoption fully,
it is necessary to incorporate complementary theoretical
perspectives—particularly behavior science and sociocultural
perspectives. In this paper, we apply the systems approach to
analyze how communication and sociocultural factors may
influence EMR adoption and offer important new insights
beyond those provided by the economic perspective.

The systems approach [33] can provide an appropriate
framework to develop an integrative understanding of EMR
adoption—onethat incorporates multiplelevelsof analysis. The
systems approach (first proposed as the "General System
Theory" by the biologist Ludwig von Bertalanffy) looks at the
system as awhole instead of focusing only onindividua parts.
The systems perspective examines interdependent interactions
among system parts as well as the interactions between the
system and the environment, both in terms of system inputsand
system outputs. In the context of health care, the systems
approach has been successfully applied to understanding issues
such as patient safety, quality of care, and health outcomes
[24,34]. The systems approach is also valuable for examining
theways EMR adoption involves multiple stakeholders, multiple
levels of application, and highly complex technologies (ie,
multiple“parts’ with complex interconnections both within and
across systems).

Thus, the primary objective of this paper was to apply the
systems approach to examining the communication and
sociocultural issues that operate at multiple levels and shape
EMR adoption. Our goal was to provide an integrative
framework (developed via the systems approach) that could
serve asatemplatefor guiding future studies of EM R adoption.

A Systems Approach to EMR Adoption

In applying the systems approach here, we draw on the nested
model developed by Ferlie and Shortell [35] and Kimberly &
Evanisco [36]. Ferlie and Shortell’s model classified the health
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care system into 4 nested levels: (1) individual (patients), (2)
group level (care team), (3) organization level (health care
delivery system), and (4) macro level (political and economic
environment). Kimberly & Evanisco classified factors that
influence hospital innovation adoption on the individual,
organizational, and contextual (outside forces that influence
innovation adoption) levels, and stressed the importance of
examining the combined effects of adoption variables across
these 3 levelsinstead of examining them separately. Following
these studies, we focused our attention on factors at 3 levels:
macro (environmental), meso (organizational), and micro
(individual) levels.

Conceptual Framework and Proposition
Development

At each level (micro, meso, and macro), we examined theissues
and challenges from communication and sociocultural
perspectives and formulated propositionsthat link these factors
to EMR adoption. Later, we considered how theinsights derived
from these propositions complement those available from the
economic perspective.

Micro Level (Individual) Factors

General

For ahospital, the most important customers are the physicians
who bring their patients to the facility, but may not work
full-time on the premises. Most physicians belong to
independent physician practices, small group practices,
ambulatory clinics, rehabilitation clinics, or other micro level
entities that are not part of a larger health care organization.
Hence, many factors at the hospital organizational level do not
directly influence the decisions made by individual physicians
regarding technology adoption. Micro or individual level factors
have received much focus in the adoption literature, especially
inthe area of physician resistance, lack of computer skills, cost
and return on investment of EMRs, loss of productivity caused
by EMRs, and the characteristics of the technology itself (eg,
[17,37]). However, there has not been much focus on key
communication and cultural factors that could influence the
adoption of EMRs by physicians.

Micro Level Communication Factors

Overview

Physicians are trained to be independent, authoritative, and
decisive. They are often hard to reach through advertisements
and promotions. Sometimes they resist innovation as a group,
which makes mass communication methods ineffective. They
may not be working in any health care organization or hospitals
and hence organizational level methods are not applicable to
many of them [38]. Some physicians run small practices where
they interact with a few people in their profession and attend
professional conferencesonceayear. They may also participate
intraining programsthat offer continuing professional education
(CPE) credits. As such, current communication methods and
strategies may not effectively address this target population
[39]. Adoption starts at the grassrootslevel and these physicians
form the grassroots of the physician community [40-42].
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Social contagion and social cohesion theory can be used to
develop insights that apply at the micro level (eg, with
physicians). Socia contagion theory states that when people
are in the proximity of others who have adopted a particular
innovation, there will be an enhanced tendency to adopt [43].
The mere physical proximity transfers significant information
regarding theinnovation to the adoption laggard. Social cohesion
theory impliesthe significance of the social interaction between
the adopter and the non-adopter. According to this theory, if
there is more empathetic communication between these two
entities (the adopter and the non-adopter), then thereisahigher
chance of adoption of the innovation by the laggard. This has
been shown to be quite effective in the classic adoption of
tetracycline[44,45]. The autonomous nature of physicians often
makes it difficult to precipitate peer-to-peer discussions about
issues regarding technology adoption. Nevertheless, social
networks, virtual communities, and social media can be used
in the diffusion of innovation among this group [40].

The establishment of 62 Regional Extension Offices through
the 2009 HITECH Act was a significant step forward in
employing communicative approach to promoting adoption of
EMRs. The objective of thisprogram wasto reframe the national
issue of technology adoption, and facilitate dialogue on a
regional level, thus encouraging discussion of unique local
factors influencing EMR adoption. However, we are not sure
whether these extension offices are effectively communicating
EMR information availability, as many regional websites do
not even provide the required information for meeting
meaningful use criteria (eg, Alabamaregional extension center
opened in 2010 does not contain this information).

The regional extension offices, if used effectively, could have
multilayered benefits for diffusing relevant information about
the need for EMRs. These offices can place physicians in the
role of “leaders’, allowing them to become what Rogers [15]
referred to as “change agents’, or individuals who have the
ability to influence the decisions of others. Even though the
federal government is facilitating and funding this program,
having physicians disseminate technology adoption messages
and facilitate discussions of the benefits and barriers to EMR
will create amore authentic and convincing argument. Because
physicians can share practical and implementation concerns
among themselves, physicians are the key playersto stir initial
interest regarding technology. The federal government can then
serve their role in supplying tools and incentives to further
facilitate the technol ogy promotion and implementation process.
Thisprocessisreferred to asthe social cognitive method, using
asocially mediated pathway to connect audiencesthrough social
networks that provide continued reinforcements for desired
change [46]. Rogers [15] also advocated for this diffusion
strategy because familiar interpersonal sources are more
effectiveininspiring individualsto accept new ideas than when
discussions from more distant sources. The use of identifiable
change agents could also promote further diffusion of EMR
adoption by encouraging continuous recruitment of new opinion
leadersto carry EM R messages from each physician-physician
communication cycle.
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Proposition 1

Communication tools such as social media (which isthe fastest
tool for the social contagion and social cohesion methods) will
be positively related to the adoption and diffusion of EMRs
among independent physicians in small practice settings.

Proposition 2

Implementation of communication mechanisms that function
at the grassroots level and target independent physicians to
promote and facilitate EMR use will be positively related to the
adoption and sustained use of EMR by small practice physicians.

Micro Level Cultural Factors

Overview

Despite a considerable number of studies addressing other
factors associated with EMR adoption, research on the topic
has often overlooked the readiness of physiciansto serve asthe
key implementers of EMR systems [21]. For physicians, there
currently exists a culture of apprehension and distrust that
permeates the adoption of EMR technology [47]. Shachak and
Reis[48] elaborated that these feelings makeit highly pertinent
to understand how the cognitive elements of implementation
shape perceptions of barriers.

Some individual cultural impediments to adoption stem from
physician perceptions that these systems may challenge their
authority asautonomous decision makersin the delivery of care.
A key part of the physician psyche is how they cherish and
protect their role as the expert in the care provider scenario.
Unfortunately, a lack of understanding regarding technology,
specifically how they should integrate EMR systemsinto their
work, often leads physicians to view themselves as novices in
thisarea. Thejuxtaposition between concurrent roles of “ expert”
and “novice” creates a high degree of cognitive dissonance for
physicians [49]. One proposed solution is to place physicians
at the forefront of efforts to address the cognitive impediments
to technology adoption [50]. A benefit of this approach is that
physicians begin to devel op asense of psychological ownership
over the development and use of EMRs [51]. Ludwick and
Doucette [47] advocated for thiskind of approach by explaining
how the most effective changesin the health care system occur
when physicians are at the helm. Thus, framing physicians as
leaders in adoption efforts allow them to become the principle
force influencing the future of medical practice.

Cultura issues involving small practice physicians follow
closely with the needs of independence and autonomy. While
many physicians are attracted to the autonomy and independence
small practices provide, they are also wary of the challenges of
sustainability, with many small practices across the country
going bankrupt or getting bought by large health care
organizations [52,53]. Issues such as rising business expenses
and administrative costs are cited for the demise of many small
practices. However, many of these practices have not changed
much in the past several decades in the way they practice or
conduct business. Competition from new models of care such
aswalk-in clinics and practices run by large health care centers
require that small physician owned practices keep up with the
changing health care environment as well as with changing
consumer needs. Consumersarelikely to increasingly seek care
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at walk-in clinics and urgent care centers attracted by their
convenient hours and quick service. Many walk in clinics and
urgent care centers tout that their patients are using them for
primary care and many of them provide continuity of care by
relying on technologies such as EMRs. The lack of
entrepreneurship skills, lack of customer orientation, and lack
of understanding that technol ogies such asEMR are soon going
to be anecessary infrastructure rather than aluxury [54], could
be some of the reasonswhy small practice physiciansarelagging
behind in EMR adoption. Many experts also believe that small
medical care practicesthat survive would need to stay connected
or affiliated with other small practices through mechanisms
such as shared EMRs [53].

One of the key issues that need to be addressed is the need for
change in the ‘culture of small medical practice’ businesses.
Many small practice owners need entrepreneurship skills and
training on how to conduct businessin the Internet era. Cultural
change in customer orientation, entrepreneurship orientation,
and perceptions regarding new technologies could be some of
the factors that could lead to higher adoption of EMRs among
this group.

Proposition 3

The level of physician involvement at the grassroots level in
the initial adoption process will be positively related to the
overall adoption and sustained use of EMRs by physicians. The
decision-making power of physicians during these initial
adoption stagesis crucia for the success of EMR adoption.

Proposition 4

Cultural change in customer orientation, entrepreneur
orientation, and change in perception of new technologies will
be positively related to the adoption of EMRs among small
practice physicians.

Meso Level (Organizational) Factors

General

Organizational researchers have studied a multitude of factors
that could influence the adoption of new technological
innovationsin organizations[31,32,36,55]. Thesefactorsrange
from characteristics of the organization itself to the composition
of its employees to organizational leadership and resource
availability.

Organizational Level Communication Factors

Overview

The adoption of complex technologies such as EMR calls for
effective communication among adopters and the potential for
transferring experiential knowledge and learning. Such a
communication and knowledge transfer perspective of
technology adoption also tiesin well with the notion that health
care organizations need to increasingly become learning
organizations to enforce radical changes and bring about
transformation in services, practices, and processes[56]. There
are several barriers to establishing alearning culture in health
care organizations [57,58], ranging from the complex
hierarchical work structure to physician resistance towards
learning and sharing knowledge.
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An important factor that affects learning is the mode of
communication in the health care organization. Much of the
information flow within ahospital involves health care workers
communicating directly with one another [59]. In fact,
face-to-face communications constitute half of such
communications, while communication through electronic
devices (pagers, phones, etc) accountsfor the other half [59,60].
With the increasing number of staff and hospital workers, this
type of communication (face-to-face or phone) has been found
to be highly interruptive and isaleading cause of errors. Coiera
and Tombs[60] observed that communication among employees
in a hospital environment often leads to interruption-driven
work contexts, where miscommunication or ineffective
communication isthe norm. Thus, in thiskind of environment,
getting physicians and other staff to communicate with one
another and engage in knowledge sharing becomes challenging
and potentially makes EMR adoption very difficult.

There is a critical need for health care organizations to
implement good communication policies that are engaging and
productive rather than disruptive [59]. The provision of a
communication infrastructure that utilizes new communication
technologies may enable hedth care workers to not only
communicate important task-related messages, but also take
part in other productive conversations. Evidence indicates that
online communities and communities of practice where
physicians can share information through online forums have
the potential to address many of the deeply rooted cultural
factors that inhibit the development of a learning culture in
health care organizations [61-63]. Such forums allow adopters
of new technology to not only share their experiences related
to the new technology, but also describe their own innovations
or reinventions.

It is well established that adopters of new innovations often
learn by using theinnovation [64,65] or reinvent the technology
to adapt it to their own context [66,67]. The ability to share such
user innovations and experiences are invaluable during the
adoption of new technologies such as EMR. There are some
onlineforums such asthe Paperl ess Practice Groupsthat provide
user support for EMR adoption issues, but this could be
supplemented by online support groups within the organization
where users can share issues and problems while using the new
technology at their specific institution to help each other. Here
we suggest that the availability of such diverse communication
forums can enhance learning related to EMR deployment and
lead to faster EMR adoption.

Proposition 5

Facilitating a learning environment by offering diverse
knowledge sharing facilities such as online forums will be
positively related to EMR adoption at the organizational level.

Organizational Level Cultural Factors

Overview

An organizational culture that fosters leadership and support is
a critical factor when it comes to technology adoption. For
example, Rogers authority innovation-decision model [15]
shows that leaders use their authority to enforce change. Peter
Senge's [68] concept of leadership in alearning organization
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also illustrates how leaders are supposed to steward and teach
members, thereby driving adoption. Further, in the innovation
adoption literature, characteristics of key organizational actors
have been found to be critical in influencing the innovative
behavior of people within the organization and thereby their
willingness to engage in adoption processes [69-71].

In the case of EMR, “adoption by fiat” has been found to be
quite effective. The classic example was the Veterans
Administration (VA) system, where the top leadership decided
to adopt and implement EMRs and the physicians and other
staff members were required to comply as system employees
[72]. Unfortunately, such ascenario is unlikely to exist in most
EMR adoption contexts since in most health care organizations,
physicians (who are the users/adopters) are partners or
stakehol ders, instead of employees.

Prior research [ 73] indicated that akey factor that could facilitate
adoption in such contexts is the extent of user involvement in
the adoption process. Severa examples clearly show that
involving physicians and other administrators during the EMR
adoption decision-making process can go far in enhancing their
motivation to adopt [74]. Practices such as listening to
stakeholder concerns, inviting physicians, and other staff to
make adoption recommendations, and including having users
as implementation team members, have all been found to
enhancethe adoption rate [ 75]. Palacio et al [75] suggested that
aforum for multidisciplinary information planning committees
could encourage such user-driven discussions. By bringing
together various types of health care stakeholders, it becomes
possible to uncover awide range of experiences regarding the
institutional integration of technology into care delivery.

Another critical adoption factor is at the level of organizational
commitment and support. In the context of EM R, organizations
could invest in support facilities such as help desks and online
user communities that help organization members address
implementation concerns. Additionally, thelevel of technology
training offered by management is another important factor
cited for successful adoption of EMRs. For example, the VISTA
system at the VA, is considered to be one of the most successful
EMR implementations, touts its training program as a critical
success factor inimplementation [72]. Similarly, organizational
leaders need to develop and communicate a shared vision and
understanding of EMR adoption and use within the
organization—a vision that connects EMRs with the
organizational (or business) mission and objectives. Such a
shared vision could bring congruence to the activities associated
with EMR adoption across different functions or departments
within the organi zation and enabl e faster and smoother adoption.

Proposition 6

Development of aparticipatory work environment that promotes
organizational members active involvement in the EMR
adoption and implementation process and decision-making will
be positively related to the adoption and sustained use of EMRs.

Proposition 7

The commitment and support of organizational leaders (through
deployment of explicit support mechanisms and the

Interact JMed Res 2013 | vol. 2 | iss. 1 |€5 | p.58
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

communication of a shared vision for EMR adoption) will be
positively related to the adoption and sustained use of EMRs.

Macro Level (Environmental) Factors

General

In the area of EMR adoption, the key macro level entity isthe
federal government which influences EMR adoption through
reimbursement practices of Medicare/Medicaid and direct
funding of EMR implementation.

Macro Level Communication Factors

Overview

Many new technologies and products experience an initial spurt
of adoption (eg, products such as the iPod, iPhone, etc). The
primary reason for such a high rate of early adoption is
advertisementsin mass mediasuch as TV and magazines. This
appliesto EMRs as well. Many new technol ogies often do not
catch on due to a lack of promotiona efforts. For example,
physician portals were developed purely out of demand from
physicianswho wanted to access patient records remotely. Many
health care organizations developed these systems, but
unfortunately, did not promote or market them [76], so the
potential of this technology was never fully understood by
physicians. In essence, even the cool products will not sl if
there is inadequate marketing and promotional efforts
emphasizing the products’ attributes.

Two factors assume importance here: the content of the
communication and the target of the communication efforts
[77]. The content of the communication should be able to
address the complex changes and upheavals faced by health
care providers, which is leading to the delay in their EMR
adoption. There are alot of new changes being implementedin
the area of health care by programs such as Accountable Care
Organizations (ACOs) and Patient Centered Medical Homes
(PCMH) in addition to the impending changes brought down
by the Affordable Care Act. Such complex changes and
uncertainties could put physicians under a lot of stress and
strategic communication iscritical to provide clarifications. For
example, one effective communication strategy would be to
convey to physicians it is critical to adopt an EMR—the new
models such as ACOs and PCMH depend on physician practices
and hospitals that have already implemented EMRs. Hence,
strategic communication efforts at the macro level should focus
on both promoting EMRS (i, its benefits and payoffs) as well
as addressing the potential issues and complexities of EMR
adoption.

Second, isto understand the target of the communication efforts.
It is important to understand that there are multiple types of
stakeholders who can influence EMR adoption by health care
providers. Currently, promotional efforts primarily target
physicians through medical journals and medical conferences,
although, itismostly done by the vendorswho want to sell their
EMR products. However, marketing and advertising efforts
need not be just physician-focused. These strategies could also
target additional stakeholders of care delivery. For example,
direct consumer marketing has been long adopted by
pharmaceutical companies and has been found to be a very
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effective method in not only increasing the awareness of a
particular drug, but also in stirring demand for the drug and
eventual sales [78]. Improving awareness among consumers
about the quality difference of care by providers who have
adopted EMR versus those who have not adopted EMR could
be one way to increase the adoption rate among providers. The
potential for implementing EMR systems that can provide
relevant health information to patients is likely to be very
attractive to consumers [79]. The growth of maobile health
products and mHealth applications for smart phones has
provided new gateways for communication between physicians
and patients, which, through telemedicine, will definitely
necessitate increased use of EMRs. While patient markets for
mHealth apps have been aggressively marketed, the use of
EMRs for hospitals has not been promoted similarly. In short,
the implications of adopting EMRs go beyond one set of
stakeholders and involve a diverse set of stakeholders.
Therefore, mass communication campaigns that target these
different stakeholders, and in some cases when targeted together,
rather than separately, arelikely to enhance EMR adoption rates.

Proposition 8

Effective communication at the macro level that focuses on
both the benefits of EMRs as well as the likely challenges and
complexities of EMR adoption will be positively related to the
adoption of EMRs.

Proposition 9

Mass communication strategies at the macro level that targets
not only the direct users (physicians and providers), but also
other stakeholders or beneficiaries of EMR systems (including
insurance companies as well as indirect users such as patients
and pharmacists) will be positively related to the adoption of
EMRs.

Macro-Level Cultural Factors

Overview

Currently, the macro culture in the health care industry related
to EMR adoption can be described as very negative, focused
on blaming individuas and institutions attributed with
preventing the promotion and adoption of EMR systems. For
example, Bleich and Slack [80] explained how marketing-based
approaches to change physician behaviors and attitudes
regarding the use of EMR technology have proven ineffective
because they tend to frame physicians themselves as one of the
main impediments to adoption efforts. The existence of this
culture of negativity is quite evident, based on the number of
articles pertaining to physician resistance and that physicians
themselves are a centra barrier to adoption efforts
[2,17,21,80-82]. Conversely, physicians also fuel this culture
by blaming insurance companiesfor advocating EM Rs because
they aretheingtitutions most likely to reap the financial benefits
of technology adoption, at least initially [19,47]. Asaresult of
thisblame shifting, altering the current dynamics of the situation
requires reframing of the rel ationships between all stakeholders
involved in the adoption process. These stakeholders include,
but are not limited to, physicians, care providers, health care
organizations, and government institutions that have vested
interests in the development and spread of EMRSs. In addition,
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there has been alot more focus on implementation failures than
success stories and this adds to the negative perceptions
regarding EMR.

Counteracting this negative culture requires an understanding
of the ingtitutional and product related goals that perpetuate
hostility towards all aspects of EMR adoption. Recognizing
physicians as the end users of EMRs pushes policy makers to
assurethat supply-sideinstitutions are devel oping products that
adequately function within highly regulated and complicated
medical environments. For example, O’'Malley et a [83]
explained that when physicians are perceived as the central
barrier to EMR adoption, it only exacerbates the gap between
physicians experiences with EMRs and policy makers
expectations. Ludwick and Doucette [47] elaborated that not
acknowledging these gaps resultsin supporters of EMR, possibly
promoting dysfunctional systems. EMR advocateswho promote
technology that is misaligned with physicians’ expectationsand
needs, which may precipitate avicious cyclein which ineffective
systems become the gold-standard upon which all systems are
associated and compared [47].

A critical challenge that physicians face when attempting to
adopt EMR systemsisthe unwillingness of product developers
and manufacturersto match their productsto theindividualized
needs of physicians and medical groups [47]. Perceived
attributes of any new innovation can influence the rate of
adoption [15]. Not only do physicians struggle to find EMR
systems that match their specific needs, but these systems can
also be ineffective in delivering one of the most widely touted
benefits, increased physician coordination. Jha et al [84]
articulated how the plethora of EMR products offered to
physicians often lead to use of incompatible systems between
different care providers. Due to alack of congruency between
proposed EM R goal s and functionality, physicians are concerned
that the switch to an electronic product may create problems
associated with patient privacy, physician-patient power
relationships, and quality of care delivery [47,85].

Vendors should focus on not just advertising the potential
benefits of EMR adoption but a so ensuring that the innovation
(ie, EMRS) is compatible with the broader cultural setting (ie,
physician practice setting) in which it will be deployed. For
example, efforts to enhance the overall compatibility of EMRs
with the macro culture would likely enhance the adoption rate.
Similarly vendor efforts to enhance the observability and the
demonstrability of EMR technology (how will it work and what
will be the potential outcomes) will likely reduce the cultural
resistance to EMR adoption that is largely fueled by ignorance
and suspicion. It has been found that physicians do adopt
medical technol ogieslike diagnostic tools (where the technol ogy
hasimmediate effects on their job outcomes) and other consumer
technologies in their persona life but not EMRs, which are
perceived as highly complicated, costly, and cumbersome[85].
Another source of negativity stems from stories of
implementation mishaps and well-publicized implementation
fallures in the health care industry [10,86]. These
implementation disasters are highly avoidable as their root
causes are typically due to vendors' poor understanding of the
health care environment, lack of user involvement in the
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implementation process, and severe lack of user training that
should be provided by the vendors.

Proposition 10

Vendor efforts to understand and align EMR technology
vis-a-visthe cultural factors associated with technol ogy adoption
inthe health carefield aswell asthework context of health care
professionalswill be positively related to the adoption of EMRs.

Discussion and Implications

Understanding EMR adoption from the communication and
sociocultural perspectives is very important, as thereis alimit
to enhancing adoption through economic or financial incentives
alone. There are implications for researchers, practitioners as
well asfor policy makers. From aresearch perspective, it implies
the need to further explore and investigate the communication
and sociocultural factors that are relevant to EMR adoption.

The nature of EMR implementation isinherently complicated.
Asthisstudy indicates, theimpedimentsto these adoption efforts
involve not only a diverse set of actors but also a complex set
of interactions between these stakeholders across a variety of
levels. Navigating through these barriers require advocates of
technology adoption to acknowledge that these challenges
cannot be isolated to any one set of variables. There needs to
be more studies conducted about how we can addressthe myriad
multi-level communication challenges and sociocultural
challenges within the health care industry. While proponents
of financial incentives are quick to note that there has been an
increase in the rate of adoption after the implementation of the
HITECH Act, it does not mean that the early adoptersare going
to complete the EMR implementation process, as many have
raised doubts whether they will be able to meet the meaningful
use criteria. However, there definitely is higher momentum than
before in EMR adoption, partly due to the financial incentives
and partly due to the influx of younger and more tech savvy
care providers. This indicates that more research in
understanding the range of key adoption and implementation
factors would play a critical role in promoting or helping the
adoption momentum set off by the financial incentives.

For practitioners, it isimportant to understand that all theissues
with health information technology (HIT) adoption cannot be
addressed with financia incentives alone and that it is critical
to take a holistic perspective and address issues not only at the
organizational level, but also at the macro and individual levels,
and devise appropriate incentives at the different levels. Many
organizations spend alot of unnecessary money on EMRSs due
to a lack of information regarding the kind of information
systems they require, lack of understanding of the needs and
requirements of different types and levels of users, lack of
promotional efforts after implementation, or a lack of
understanding of the sociocultural aspects of users at different
levels. The communication gap within and between various
actors and stakehol ders creates an even more compl ex situation,
where solutions at one level or for one set of actorsis rejected
by another set. Hence, it is critical at this time to invest in
understanding the communication/knowledge needs as well as
the sociocultural factorsthat are relevant to technol ogy adoption.
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For policy makers, it is important to understand that while
financial incentives may produce some positive results, without
addressing the need for broader promotional and educational
efforts, such advancesin HI T, adoption may not be sustainable.
At themacro level, thereis some understanding of these factors
and hencethe provision of health information exchanges (HIEs).
However, many of these HIEs are not promoted well as some
do not have websites or any information that they are supposed
to provide and there has been minimal formal evaluation of the
effectiveness of these HIEs. HIEs will not be effective if
physicians and other users do not know about the existence of
these exchanges and the purpose of their existence.

Financially-oriented issues are not just found in the “carrot” of
incentive-based efforts, but also in the affiliated “stick” of
punishments for not meeting EMR adoption standards. A goal
of federally-sponsored EMR incentivesisto boost US physician
adoption ratesto 90% by 2020[9,87]. To ensurethat physicians
are willing to utilize these incentives, the federal government
will beginlevying penalties on noncompliant physicians starting
in 2015. These penaltieswill comein the form of a progressive
fine starting at one percent of a physician’s Medicare receipts
and increase an additional one percent each year [88]. A noted
problem with thiskind of approach to EMR implementation is
that, asresearch indicates, when a hardline approach to changing
physicians' behaviors is implemented, the reaction is usually
emboldened resistance [51].

Clearly, there needs to be more research on how to address the
proverbial “what isin it for me’ question. Instead of focusing
on the cash value of adoption, there needs to be more focus on
benefits other than those that are purely economic in nature
[85]. Non-economic returns have driven the success of many
consumer productsthat even physicians are attracted to and use
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in their daily lives[85]. Similar benefits are evident in some of
the EMR technologies too, for example, in the adoption of
Picture Archiving Communication Systems (PACS).
Radiologists can see medical imaging picturesdigitally, enlarge
them on the computer screen and make more accurate diagnoses,
and above all, they can do this from their own home. As a
consequence of the convenience and technical advantages
brought by this new technology, PACS hasahigh adoption rate.
The example of the success of PACS adoption illustrates how
vendors can promote health information technology products
that deliver specific broad benefits (eg, improve quality of care,
reduce errors, enhance satisfaction, reduce stress, or enhance
subjective well-being) and aso provide good financia
investments. Mandl and Kohane [85] question the need for
promotion of EMR systems to be overly complicated and call
for promotion of applications similar to consumer IT products
that physicians use in their daily lives.

In conclusion, financia incentives may have hel ped with getting
the momentum started for EMR adoption to some extent, but
there is a limit to the influence of such incentives. EMRs
implemented without complying with meaningful use criteria
will not lead to full realization of the potential of EMRs for
health care practices and is not going to fully benefit patients
in terms of transparency and access to records. Further, by
focusing on culture and communication perspectives, we
understand that monetary incentives may play only a limited
roleinthelarger scheme of EMR adoption. Without integrating
a broad range of communication and cultural factors into the
promotion of EMR adoption (eg, administrative, marketing,
and lifestyle benefits), it might be over ambitiousto expect high
results with the current financial incentives offered by the
Federal government.
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Abstract

Background: The Strategic Health IT Advanced Research Projects (SHARP) program seeks to conquer well-understood
challengesin medical informatics through breakthrough research. Two SHARP centers have found alignment in their methodol ogical
needs: (1) members of the National Center for Cognitive Informatics and Decision-making (NCCD) have developed knowledge
bases to support problem-oriented summarizations of patient data, and (2) Substitutable Medical Apps, Reusable Technologies
(SMART), which isaplatform for reusable medical apps that can run on participating platforms connected to various electronic
health records (EHR). Combining the work of these two centers will ensure wide dissemination of new methods for synthesized
views of patient data. Informaticsfor Integrating Biology and the Bedside (i2b2) isan NIH-funded clinical research datarepository
platform in use at over 100 sites worldwide. By also working with a co-occurring initiative to SMART-enabling i2b2, we can
confidently write one app that can be used extremely broadly.

Objective: Our goal was to facilitate development of intuitive, problem-oriented views of the patient record using NCCD
knowledge bases that would run in any EHR. To do this, we developed a collaboration between the two SHARPs and an NIH
center, i2b2.

Methods: First, we implemented collaborative tools to connect researchers at three ingtitutions. Next, we developed a patient
summarization app using the SMART platform and a previously validated NCCD problem-medication linkage knowledge base
derived from the National Drug File-Reference Terminology (NDF-RT). Finally, to SMART-enable i2b2, we implemented two
new Web service “cells’ that expose the SMART application programming interface (API), and we made changes to the Web
interface of i2b2 to host a“ carousel” of SMART apps.

Results:  We deployed our SMART-based, NDF-RT-derived patient summarization app in this SMART-i2b2 container. It
displays a problem-oriented view of medications and presents a line-graph display of laboratory resuilts.
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Conclusions: Thissummarization app can berunin any EHR environment that either supports SMART or runs SMART-enabled
i2b2. Thisi2b2 “clinical bridge” demonstrates a pathway for reusable app development that does not require EHR vendors to
immediately adopt the SMART API. Apps can be developed in SMART and run by clinicians in the i2b2 repository, reusing
clinical data extracted from EHRs. This may encourage the adoption of SMART by supporting SMART app development until
EHRs adopt the platform. It also alows a new variety of clinical SMART apps, fueled by the broad aggregation of data types
availablein research repositories. The app (including its knowledge base) and SMART-i2b2 are open-source and freely available

for download.

(Interact J Med Res 2013;2(1):e11) doi:10.2196/ijmr.2454

KEYWORDS

clinical information systems; medical informatics; knowledge bases; user-computer interface; datadisplay; diffusion of innovation

Introduction

Substitutable M edical Apps

The burden for development of innovative views of the medical
record has, until recently, rested largely on the core software
architects of electronic health record (EHR) systems. Local
innovation on those systems has functionally been restricted to
a small number of academic research hospitals with large
research budgets [1], and their tools are frequently designed
only for local use (eg, [2]). Transfer of local innovation to the
larger medical community has often been slow and complex.
For example, the WizOrder order-entry system, developed at
Vanderhilt, is used widely within their hospital system and has
been the source of much interesting research. However,
WizOrder itself was unavailable to others until a commercial
EHR vendor purchased it in 2001 [3], and it is now available
only to users of that vendor system.

A new alocation of resources is emerging which will directly
support distribution, modularity, and interoperability of local
innovation. In 2009, Kohane and Mandl proposed that EHRs
be designed as platforms for supporting modular third-party
applications rather than as monoalithic systems [4]. They drew
analogiesto “ app stores’ found in the smartphone market, where
specialized applications are developed and purchased to meet
niche or not-widely-understood needs, without compromising
the basic integrity of the device. Such an ecosystem of apps,
they suggested, would foster innovation without sacrificing
compatibility. Users with particular information needs could
become app devel opers and contribute innovative insightsfrom
their local environment to the larger medica informatics
community.

In 2010, the United States Office of the National Coordinator
for Health Information Technology (ONC) launched afour-year,
$60 million government initiative: the Strategic Health 1T
Advanced Research Projects (SHARP) program. SHARP seeks
to conquer well-understood challenges in medical informatics
through breakthrough research. ONC funded four SHARP
centers, one to study each of four challenge areas: information
security, cognitive support, reusable applications, and secondary
use of EHR data[5].

http://www.i-jmr.org/2013/1/e11/

The Substitutable Medica Apps Reusable Technologies
(SMART) center at Harvard Medical School is attempting to
make Kohane and Mandl’'s ecosystem for user-interface
innovation a redity. SMART defines an application
programming interface (API) and provides core software
components so that health care information technology (HIT)
systems developers can implement a SMART “container”
interfaceto provide accessto the datain EHRsin astandardized
resource description framework (RDF) format. Appswritten to
conform to the container interface will run without modification
onall EHRsand HIT systemsthat provideaSMART container.
Apps can be written for patients, providers, and researchers,
and all are backed by EHR data. The high level designisshown
in Figure 1.

At the beginning of 2012, SMART leadership reported on their
progress 14 months into the contract [6]. SMART had defined
itsinitial API and had begun container development for three
HIT platforms: an electronic health record system (OpenMRS),
apersonal health record system (Indivo), and aclinical research
repository (Informaticsfor Integrating Biology and the Bedside,
i2b2). They also devel oped asuite of charter apps. Most notably,
SMART developers took a user-friendly conceptualization of
a cardiac risk app that appeared in Wired magazine and
converted it into a live SMART app in about a week [7].
SMART isextending its reach, recently implementing some of
the SMART container interface on Cerner’s public APl and
developing an app to monitor trends in blood pressure and flag
hypertension in pediatric patients [8]. This app has now been
running at Children’s Hospital in Boston for several months
and is seeing increased adoption each month. SMART hosted
anationa “app challenge”, which was won by HIT innovator
Polyglot Systems for their “Meducation app”, providing
multilingual, user-friendly medication instructions for patients
[9,10]. A similar app challenge has just concluded for Indivo.
Thewinner, Indivo WebNotes, allows usersto integrate snippets
from webpages directly into their personal health record [11].
Other SMART containers are aso in development, including
Mirth corporation’s work with SMART to enable two Health
Information Exchanges [12]. SMART has also recently been
supporting best practicesin Continuity of Care Documentswith
a “report card” app that includes terminology validation and
“soft” rubrics not included in the official validator [13].
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Figurel. SMART enables an ecosystems of appsin medical systems, just as app stores enable this on smartphones. Portions adapted with permission

from [4].

Blood Pressure

Patient Summarization

One potentially important use-case for SMART-style
user-interface innovation isin clinical decision support (CDS).
There is substantial evidence to suggest that CDS can be a
powerful tool to improve the quality of patient care, yet
commercia EHR systemshave highly variable and underutilized
CDS capabilities [14-16]. The Patient-Centered Cognitive
Support SHARP, housed at the National Center for Cognitive
Informatics and Decision Making (NCCD) in Houston, Texas,
has the high-level goal of utilizing HIT to support clinician
decision-making.

Its “automated model-based clinical summarization of key
patient data’ project seeks to make EHR data more easily
digestible, particularly by transforming it from pages of
disconnected data into a concise problem-oriented medical
record (POMR). Clinical summarization isbecoming particularly
important given the overwhelming amount of information
present in today’s EHRs. Sifting through these data present an
added burden to aready-overwhelmed clinicians, who admit to
making mistakes dueto hurry and distractions[17]. The POMR,
first described by Weed in 1968, puts patients’ problems at the
center of the record and organizes data around those problems
[18]. Users have found this format facilitates quicker
understanding and review, improved team communication, and
faster auditing, among other advantages[19-23]. Although most
commercia EHRs have some summarization capability, such
summarizations focus on organizing each type of clinical data,
rather than synthesized views of the patient record [24]. One
evaluation study concluded that developing a suitable POMR
“isnot easy,” and that physicians have become accustomed to
the standard time-oriented view [25], which suggests some of
the reasons for sluggish change.
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SMART-i2b2

SMART’s app approach offers the ahility to integrate a POMR
view with traditional views of clinical data, and it also
overcomesthedifficulty of integrating new, vendor-independent
applications with many vendor products. Therefore, we had
previously turned to SMART and devel oped a proof-of-concept
POMR SMART app [26]. However, SMART is not yet
supported by many EHRs, which limited the utility of thisline
of development. In early 2012, we became aware of the
SMART-i2b2 project. i2b2 isaflexible, componentized clinical
data warehousing system that now enjoys widespread adoption
as a research and population management data repository at
over 100 sites worldwide. It is being developed as part of a
National Institutes of Health (NI1H)-funded center charged with
developing a nationa computational infrastructure for
biomedical computing [27]. SMART-enabling i2b2 has been
underway for sometime, but it has primarily focused on clinical
research support, such asapatient-centric view for clinical trial
recruitment selection [28].

We theorized that i2b2’'s popularity and the wedth of data
available in i2b2 instances would make it a useful “clinical
bridge”, to support SMART apps prior to large EHR vendors
developing SMART containers. This led us to an architecture
in which the patient summarization app runsin SMART-i2b2,
shown in Figure 2. In this architecture, SMART-i2b2 would be
launched as awebpage on the EHR workstation to run SMART
clinical apps.

In this paper, we describe the results of our collaborative
endeavor between i2b2 and the cognitive support and reusable
apps SHARP centers, focused on creating more intuitive views
of the EHR. Our goal wasto facilitate development of intuitive,
problem-oriented views of the patient record using NCCD
knowledge bases that would run in any EHR.
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Figure 2. The overall architecture of the patient summarizer running in the SMART-i2b2 “clinical bridge”.

EHR

Product

12b2

Methods

Collaboration

To assist effective collaboration among sites, we used an
Amazon virtua machine [29] to host our deployment of
SMART-i2b2 with patient summarization, GitHub [30] to
support collaborative development of the patient summarization
app, DropBox [31] for sharing miscellaneous items such as
notes and diagrams, and Google+ [32] to support multi-way
real-time video conferencing. Tools like these will certainly
become more important as collaborative, multi-site research is
increasingly occurring [33].

Patient Summarization

The National Drug File Reference Terminology (NDF-RT)
contains “may_treat” linkages between diagnoses and
medications [34] which have been explored as a knowledge
source for enhancing the problem list [35]. We have previously
developed a proof-of-concept problem-medication linkage
SMART app using an NDF-RT derived knowledge base [26].
For thiswork, we extended that app. Within the Unified Medical
Language System (UMLYS), there exist links between RxNorm
(a SMART-approved terminology) and NDF-RT medication
codes. From these medication codes, we traversed the
“may_treat” linkages and then converted the linked NDF-RT
diseasesto the Systematized Nomenclature of Medicine-Clinical
Terms (SNOMED-CT, another SMART-approved terminol ogy)
usingthe UMLS, expanding all levels of the problem hierarchy
to create the most inclusive possible knowledge. The resulting
knowledge base consists of over 7 million problem-medication
links. An illustration of the knowledge base construction is
shown in Figure 3. We stored our knowledge base as tuples of
arelated RxNorm medication concept unique identifier (CUI)
and a SNOMED-CT problem code. To access this database
from our Web application, we wrote a Web service in PHP
Hypertext Preprocessor (PHP) toretrieve alist of SNOMED-CT

http://www.i-jmr.org/2013/1/e11/

Patient
Summarizer

SMART Container

problems given an RxNorm CUI. The NDF-RT approach is
limited by knowledge gaps, in part due to data loss from
incomplete mappings. However, thisknowledge baseis currently
our most mature and it aready uses SMART-required
terminologies (SNOMED-CT and RxNorm). The SMART
container handles mapping to these terminologies, so this
knowledge base is“ SMART ready.”

We are developing other knowledge bases using other
techniques, each with strengths and weaknesses. One knowledge
base utilizes probabilistic linkages in the medical record, an
approach first suggested more than a decade ago [36]. This
approach is able to detect correct linkage very accurately on
medications used for one very specific purpose (eg,
glycopyrrolate) and for non-clinical problems (eg, tube feeding,
taking medication). As an example, our initial work with this
method found the 50 strongest linkagesin a dataset of 100,000
patients were all clinically accurate and the majority were for
avery specific purpose [37]. This method does not require any
effort by clinical experts, but the knowledge base must be
recompiled in each setting, and it is less accurate on common
diseases and interventions. Another knowledge base usesaform
of crowdsourcing, which takes advantage of manually asserted
links between problems and medications or laboratory results
and is more accurate than probabilistic linkage on some
multivariate associations, especially commonly prescribed
medications with secondary problems (eg, metformin and
polycystic ovarian syndrome[38-40]). Whilethe crowdsourcing
approach requires little effort to capture knowledge, methods
must be applied to filter out noise (eg, patient data linked to a
problem to facilitate billing and not medical care). A final
approach utilizes amanually constructed knowledge base [41].
The manual approach had the highest accuracy but required the
most effort and still only covered arelatively small number of
common clinical conditions. Work has also been done on
literature mining (such as PubMed and Food and Drug
Administration product labels) to develop knowledge bases,
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though we have not yet incorporated this technique [42-45].
None of these knowledge bases have yet been sufficiently
mapped to SMART-approved terminologies, so we used the
NDF-RT approach for this work.

When the app is launched, it makes asynchronous JavaScript
SMART API cals to retrieve demographics, medications,
problems, allergies, lab results, encounters, vital signs, and
immuni zations. Each API call returnsa SMARTResponse object
containing aRDF graph containing that component of the patient
record. For all objects except problems and medications, the
app iteratively traverses each graph asit isretrieved to generate
HTML display data. The app does not process problem and
medication objects until both are loaded, because they must be
handled together. When both are loaded, the app traverses the
medication graph, retrievesall possibly related problemsthrough
the PHP Web service, and then traverses the problem graph,
adding the current medication to the HTML output for all
matching problems.

We modeled our summarization app’s user interface on a
previously designed prototype interface of a problem-oriented
view for OpenVista, which was evaluated using the Task, User,
Representation, and Function framework for EHR usability
[46,47]. We developed the app using HTML and JavaScript,
facilitated by the Bootstrap front-end framework and the Google
Visualization APl [48]. The originaly-developed
proof-of-concept summarization SMART app showed all
problems and medications on one screen, which can prove
unwieldy for complex patients, and displayed output in arigid
HTML table. The new app, model ed after the prototype, features
aresponsive cascading style sheet, fluid grid design that ensures
proper proportions for key screen resolutions and devices.

The app user interface displays the list of active problems on
the left. Users may select a problem from the list to display
associated medications on theright side. The user can also click
the “All Medications’ text to toggle a list of all prescribed
medications for the patient. We have not yet integrated a
knowledge base with lab results, so the app displaysall historical
lab results and vital signs in a list below the problems and
medications. Users may click alab result or vital sign totoggle
display of the values; any lab result with multiple values is
shown as a graph, generated using the Google Visualization
API. See the Results section and Multimedia Appendix 1 for
an example. The app is open-source and available for free
download [30].

SMART-i2b2

i2b2isa“hive’ of “cells’ (software modules), where each cell
provides a set of Web services. New cells can be added to the
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hive and communicate with the other cells via Web service
cals. The standard hive has the blue cells shown in Figure 4.
Adding SMART functionality involved three changes to i2b2
[49].

First, we developed a new cell, the SMART container, which
implementsthe SMART API and securely sends RDF messages
to SMART apps as specified by the OAuth protocol. SMART
placesthe burden of constructing valid SMART-RDF messages
on the container developer. Therefore, we developed aflexible
way in the SMART cell to transform an i2b2 XML message
into a SMART-RDF XML message using styleshests.

Second, in i2b2, one methodologically challenging piece is
flexibly translating from the variety of i2b2 terminologies to
the expected terminologies of SMART. To facilitate this
trandlation, we developed a Mapper cell, which supports
customizable mappings between terminologies and can be
jumpstarted with existing linkages such asthose in the UMLS.
A set of about 2000 most used “target terms’ for mapping,
which covers 85% of terms used in the Partners Health care
System [49,50], has been created and is distributed with the
SMART-i2b2 container. These“target terms’ are SNOMED-CT,
RxNorm, and L ogical Observation Identifier Names and Codes
(LOINC) terms that can be loaded into the Mapper cell to
provide guidance when an institution maps its local codes to
the SMART preferred coding systems. Additionally, the i2b2
demonstration data’s terminology dictionary, which includes
terms in the 9th edition of the International Classification of
Diseases (ICD-9), NDF-RT, and several demographic value
sets, was a so mapped to SNOMED-CT and RxNorm. Although
each i2b2 instance can choose which terminologies to support
and therefore might require acustom mapping, many siteshhave
adopted variations of the demonstration terminology.

The final change to i2b2 was an upgrade to the Web interface.
The i2b2 Web interface supports plugins, and so a plugin was
developed for the “SMART Patient Centric view”, shown on
the right side of Figure 4. This EHR-like view in turn can be
configured to run any number of SMART apps simultaneously,
hosted locally and remotely. The Patient Centric view alows
per-user organization of these apps into multiple views suited
to the user’s needs.

With these aforementioned components, any SMART app can
reside inside i2b2, communicating with i2b2 via the SMART
container. These SMART-enabling components are freely
available and can be installed as an add-on to any i2b2
installation [51].
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Figure3. SMART RxNorm medications are mapped to SNOMED CT problems using the NDF-RT “may treat” linkage asintermediary. Adapted from

[26]; used with permission.

UMLS

NDF-RT “may_treat” NDF-RT SNOMED CT
RxNorm CUI . .
Preparation Disease Concept
&“* isa"
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Figure4. Left: i2b2 hive (blue) with SMART container and Mapper cells (yellow). Right: SMART Patient Centric view for the i2b2 Web interface.
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Results

We deployed i2b2 v1.6 in an Amazon-hosted virtual machine
with the demonstration terminology dictionary and the 133 fake
demonstration patientsincluded in the standard rel ease of i2b2.
We then installed the SMART Web client plugin and SMART
cellsusing the previously described “target mapping terms” list
that was populated with mappings from this demonstration
terminology dictionary. We were able to deploy our
summarization app by adding it to the Web server hosting i2b2
and making afew small configuration changes.

To run the app, a user chooses the SMART plugin inside the
i2b2 Web client and dragsthe patient of interest into the Patient
Centric view. One can either drag apatient from acustomizable
patient list (eg, the set of patients for which the user provides
care), or from a previously executed research query. The two
different options are shown in Figure 5. Once a patient is
dragged into the Patient Centric view, the patient summarization
app fills the screen (presuming the user has access to this
patient’s data). The app is shown in Figure 6, and a demo is
also included in Multimedia Appendix 1.
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During development, we found that the engineered
demonstration patients distributed with i2b2 tended to have
uncorrelated problemsand interventions, probably because they
are not based on real patient data but only to meet the goal of
testing research queries. Therefore, we developed a new test
patient. Because we developed this test patient in i2b2 (using
non-SMART terminologies like NDC and ICD-9), she was a
patient who utilized the full trandation pipeline from i2b2 to
SMART, including the Mapper cell. Therefore, although sheis
still atest patient, we believe she comes close to a real-world
i2b2 scenario, where local terms are dynamically mapped to
SMART terminology. The app correctly found the
problem-medication linkages shown in Table 1.

By SMART-enabling i2b2, we were able to develop a patient
summarization app that can run in any i2b2 instance, reusing
research data extracted from EHRs for clinical care.
SMART-enabled i2b2 could then be launched as a webpage on
an EHR workstation to run the summarization app on the current
patient. We are finalizing a more streamlined workflow, in
which the Patient Centric view can be launched for aparticular
patient separately from thefull i2b2 Web client. Thiswill allow
easier access to clinical apps for a patient but still backed by
the i2b2-SMART infrastructure.
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Table 1. Problem-medication linkages found by the patient summarization app on our i2b2 test patient.

Problem Medication

Acute bronchitis Aminophylline 200 mg oral tablet
Pernicious anemia Vitamin B12 1 mg/ml injectable solution
Seizure Lamotrigine 100mg oral tablet

Urinary incontinence Oxybutynin chloride 5 mg oral tablet

Figure5. Thei2b2 Web application with the SMART container activated. A patient can be dragged from a patient list in the workplace (first oval) or
from a previous query result (second oval).
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Figure 6. The patient summarization app running inside the SMART-i2b2 container. Shown here: urinary incontinence is highlighted and a relevant
medication (oxybutynin) is displayed to the right; lab results are shown as line graphs below.
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Acute bronchitis (disorder) Name Instructions Date
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can be run directly within the EHR. In other cases, a
SMART-enabled i2b2 instance can be used as a “sidecar” to
Principal Findings t_he EH_R, extracting datafrom it for research an(_j clinical apps

) o like this one. SMART-enabled i2b2 can run in a webpage
We successfully created a patient summarization app based on - 5 gngqde the EHR. This is certainly beneficial to more than

a validated NCCD knowledge base that can be run in nearly 10 gites using i2b2 worl dwide. We also found that online tools
any EHR environment. For SMART-enabled EHRS, the app

Discussion
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like Google+, GitHub, DropBox, and a cloud-hosted virtual
machine increased our ability to collaborate effectively.

SMART has accel erated the implementation and testing of our
patient summarization work. This step of our research was
previously impeded by the need to maintain multiple apps for
various clinical systems, thereby needing to adapt to each
system’slocal ontologies and local API. By choosing SMART,
we can now test our knowledge bases using a single clinical
app that will run in al SMART-enabled environments. At
Partners’ Healthcare, this includes both i2b2 data repositories
and directly in the outpatient medical record system. We are
hopeful that supporting a single SMART app will alow usto
disseminate our results both as a raw knowledge bases and as
an executable tool.

Broad interest in SMART puts it in a good position to spread
in the coming years, ether through the demands and
requirements of hospital systems, or through smaller EHR
vendorsimplementing it in anticipation of gaining market share.
Our hopeisthat this* sidecar” approach of running clinical apps
through i2b2 will help foster SMART, by supporting SMART
app development until EHRs adopt the platform. Furthermore,
thei2b2 approach might provide SM ART-specific functionality
that are absent in other clinical systems.. Because i2b2
aggregates many systems data, it is able to provide more
information than individual clinical systems, at the expense of
real-time data. A SMART clinical app backed by i2b2 could
allow clinicians to, for example, perform comparative
effectiveness research on the fly to make treatment decisions
for rare combinations of comorbidities [52].

Writing our SMART app was not particularly time-consuming;
the majority of the work was developing the SMART-i2b2
container and NCCD knowledge bases. This indicates that
SMART might be an ideal platform for quick dissemination of
innovative tools. It is also notable that SMART apps will
naturally become easier to write as general Internet innovation
flourishes, because SMART apps can leverage freely available
Web development toolkits such as Bootstrap and the Google
Visualization API. While only about a dozen SMART apps
have been devel oped to date, SMART has aready enabled small
software shops to innovate on EHR data through the SMART
“app challenges’.

Whether SMART becomesthe de facto standard for EHR apps
remains to be seen as the platform matures. Already it has
several pointsin itsfavor. Firgt, it lessens the learning curve of
app development by leveraging existing Web standards (eg,
JavaScript Object Notation data structures and Web service
interfaces). Second, the current API is a straightforward RDF
data model designed to meet the needs of app development
without trying to solve all use-casesfor externa viewsof clinical
data. This avoids the steep learning curve of formats such as
the Clinical Document Architecture, ahealth care datastandard
used for representing all types of clinical data. Third, SMART’s
current read-only approach will be extended in the future with
methods to write data back to the record. SMART enables
clinical app innovation by giving app developers access to
clinica data elements on individual patients, and it is
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complemented by data analytical platforms such asi2b2 (for
aggregate, research-oriented data repositories and reporting).

Challenges

The greatest challenges we faced in this endeavor occurred in
“gluing” the pieces together. The downloadable source code
[51], which wasin its early stages during devel opment, did not
include usable default configuration files and provided scant
documentation. However, this has since been resolved. Some
user-interface changes were necessary in the app. For example,
the SMART-i2b2 container provides a panel of demographic
information that the “SMART sandbox” implementation does
not. We also modified the app to only display one instance of
aproblem, because i2b2 returns all historical diagnoses of that
problem. We further hid the alergies and vitals sections, which
were not supported in SMART-i2b2 when we depl oyed the app.
As discussed, we discovered the developer-engineered i2b2
sampl e patientswere not suitable for problem-oriented analysis,
which required that we develop our own. Finally, the SMART
APl changed several times during development, requiring
frequent minor changes to the app. All these issues were
associated with platform development, and are not expected to
recur.

Asthetechnology matures, installing and devel oping containers
and deploying apps will become simpler. The longer-term
challenge for SMART deployments will be terminology
mappings. Thisisabarrier to interoperability in general, and it
appearsin amost al health information exchange problemsin
medical informatics—from generating conformant continuity
of care documents to consuming quality measure queries.
Advanced methods for mapping terminologies are necessary.
The i2b2 platform utilizes a mapping tool that extracts terms
from the National Center for Biomedical Ontology. This is
freely available and has been integrated into the SMART-i2b2
platform [53]. Drawing from toolslike these and those provided
by the UMLS will be a good starting point, but it is possible
that other methods, such as crowdsourcing or probabilistic
linkage, will becomeimportant in terminology mapping aswell.

Future Plans

Previous testing of ontology-based knowledge bases on real
patient data showed poor sensitivity [26], which could be
partially attributed to information loss during mapping. Once
mapped to SMART-approved terminologies, our other
knowledge bases (those developed through crowdsourcing,
probabilistic linkage, and expert design) could be integrated
into the summarization app. We suspect that by combining these
knowledge bases (eg, by joining them or with a
probabilistic-weighting approach) the coverage of our app will
far exceed what we have demonstrated here. At that point, a
new evaluation using real patient data would be appropriate.

Also, athough we have extended the SMART app beyond the
original prototype, it does not yet have the full functionality of
the usability-tested prototype interface, nor does it currently
have a particularly compelling “look and feel”. Beyond further
refinement of the user interface, the app will need improvements
of itshandling of SMART patient data. Our current app simply
displaysthe most recent problem and medication instance rather
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than a summary of that problem or medication’s history. Also,
methods should be developed to incorporate unencoded data
into the summary, as SMART does not require every problem
or medication to have an associated code.

For the SMART platform as a whole, there are several open
guestions. Oneisthelevel of programming expertise needed to
build an app. SMART supports app distribution in an
interoperable environment and it lowers the entry threshold for
those interested in developing innovative apps. However, we
have not yet evaluated what average EHR users can accomplish
with SMART. Currently available SMART apps have been
written by groups with significant prior programming
experience. A second open question is the appropriate
distribution model for these apps. The iPhone app store has a
certification process, whereas the Android app store does not.
Because SMART'sgoal isto foster innovation, it does not seem
wise to restrict distribution of apps. Instead, some type of
certification for apps performing key clinical functions might
be needed. Currently, the ONC's certification criteriafor EHR
systems require that any component performing a function for
which certification exists must be certified for that function
[54]. One approach moving forward might include ONC
certification of SMART apps through similar testing
mechanisms. However, stringing together many certified
technological components does not necessarily mean that the
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entire system would perform correctly. For example, even if
i2b2, its SMART container, and a patient summarization app
were al somehow certified, an improper deployment or poor
mappings could still cause the app to missimportant information
initssynthesis. Thisisachallenging problem that might require
more complicated certification criteria.

Conclusions

We have successfully deployed a patient summarization app in
the i2b2 clinical data repository platform. This provides a
problem-oriented view of the medical record by combining a
previously developed knowledge base and the SMART medical
apps platform. It leverages co-occurring work in building a
SMART-i2b2 container for research, so that this clinical app
can be available to the many clinicians whose information
systems include i2b2 but do not otherwise have access to
SMART. Thistechnical work lays the foundation for a broader
ecosystem of reusable apps to provide innovative summary
views of the health record. It also provides a“clinical bridge”
an i2b2-based pathway for reusable app development that does
not require EHR vendors to immediately adopt the SMART
API. We hope thiswill support SMART app development until
EHRs adopt the platform.

All software componentsdiscussed here arefreely availablefor
download, including i2b2, SMART, the SMART-i2b2
integration, and the patient summarization app [30,51].
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Multimedia Appendix 1

Screencast demo of patient summarization app running inside SMART-i2b2. Thisisaprimarily atechnical demonstration of the
system, and the patient shown in the example does not necessarily have comorbidities that are realistic or clinically interesting.

[MOV File, 17MB - ijmr_v2ilell appl.mov |
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CDS: clinical decision support

CSS: cascading style shest

CUI: concept unique identifier

EHR: electronic health records

HIT: health care information technology

HTML: hypertext markup language

i2b2: Informatics for Integrating Biology and the Bedside

| CD-9: International Classification of Diseases, 9th edition

LOINC: Logical Observation Identifier Names and Codes

NCBO: National Center for Biomedical Ontology

NCCD: National Center for Cognitive Informatics and Decision-making
NDF-RT: National Drug File - Reference Terminology

NIH: National Institutes of Health

ONC: Office of the National Coordinator for Health Information Technology
PHP: PHP Hypertext Preprocessor

POMR: problem-oriented medical record

RDF: resource description framework

SHARP: Strategic Health Information Technology Advanced Research Projects
SMART: Substitutable Medical Apps, Reusable Technologies
SNOMED-CT: Systematized Nomenclature of Medicine-Clinical Terms
UMLS: Unified Medical Language System
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Abstract

Background: Undesirable loss of weight isamajor challenge in amyotrophic lateral sclerosis (ALS). However, little is known
about loss of appetitein ALS patients.

Objective: We investigated loss of appetite in ALS patients by means of an online self-assessment and whether AL S-related
symptoms were associated with it.

Methods: Loss of appetite in 51 ALS patients was assessed using the Council on Nutrition Appetite Questionnaire (CNAQ).

Loss of appetite is defined as a CNAQ-score of 28 or less with a predicted weight loss of at least 5% within 6 months. We
developed an Internet portal to facilitate self-assessment.

Results: Approximately half of the AL S patients (47%, 24/51) suffered from severeloss of appetite; after 6 monthsthisincreased
to nearly two-thirds (65%, 22/34). An average weight loss of 5% was found in the group with severeloss of appetite as compared
to only 2% of patients with normal appetite. Interestingly, loss of appetite was associated with respiratory dysfunction (P=.001,
R?=.223).

Conclusions: Loss of appetite was more common and more severe than expected. It was found to be an independent risk factor

for unintended weight loss and may be related to dyspnea. The impact of severe loss of appetite on survival and quality of life
should be established in further studies.

(Interact J Med Res 2013;2(1):€8) doi:10.2196/ijmr.2463
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important prognostic factor for survival in ALS [5-8]; weight

Introduction _ )
loss that leads to a body mass index (BMI) below 18.5 kg/m

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative
disease resulting from the progressive degeneration of upper
and lower motor neurons of the spinal cord, the brainstem and
the cerebral cortex.

In the course of the disease, 15-55% of patients suffer from
clinicaly severe weight loss [1-4]. Nutritional status is an

http://www.i-jmr.org/2013/1/e8/
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resultsina7.7 times higher mortality rate, compared to patients
with normal weight [5]. The underlying causes of weight loss
associated with ALS are heterogeneous [1,6] but are likely to
include malnutrition, hypermetabolism, cachexia, and loss of
appetite [9-11]. Loss of appetite is a multifactorial syndrome
resulting from a number of symptoms such as changes in
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controlling eating behavior, depression, and psychological
distress[12].

The revised ALS Functional Rating Scale (ALSFRS-R) is an
established and internationally used self-assessment
guestionnaire measuring physical functions of ALS patientsin
activitiesof daily living [13]. Based on itssimplicity and ability
to reflect disease progression, the ALSFRS-R is routinely
applied in most clinical trials and in clinical practice. The
instrument primarily focuses on the functional impact of muscle
weakness, and does not attempt to capture important symptoms
such asloss of appetite.

In the clinical setting, ALS patients reported regularly from
changes in presenting appetite associated with a decline in
caloric intake (with a reduction of the portion size) during the
course of the disease. The aim of the present study was to
determine the frequency of loss of appetite in ALS patients.
This investigation does not claim to validate the Council on
Nutrition of Appetite Questionnaire (CNAQ) in ALS. We used
an online patient portal to field the CNAQ—a patient reported
outcomethat recordsloss of appetite[14]. CNAQ was developed
as a short, simple appetite assessment tool in long-term carein
institutionalized and community-dwelling adults. The CNAQ
has not been deployed in ALS before. Within our study
population, we grouped patients according to their AL S-related
symptomsto identify risk factorsthat would be associated with
decreasein appetite. We hypothesi zed that |oss of appetite might
be associated with dyspnea or dysphagia which are common
symptomsin ALS.

Methods

Overview

Between April and November 2010, 51 patients were
consecutively recruited at the Department of Neurology at the
Charité University Hospital of Berlin. Petients gave written
informed consent for their participation. Patientswith possible,
probable, or definite ALS (according to the revised El Escorial
Criteria [15]) were enrolled in the study. Exclusion criteria
included lack of Internet access in the patients’ environment,
patients suffering from consumptive disease or from eating
disorder, and patients with enteral feeding. However, patients
without Internet connection were able to participate in the trial
if the next caregivers provided an alternative Internet accessfor
the online self-assessment. Also patients presenting clinical
criteria for cognitive impairment, especialy frontotemporal
dementia, were not included. These symptoms however, were
not explicitly tested. Patients underwent neurologica
examination and measurements for slow respiratory vital
capacity, height, and body weight were taken throughout from
ALS outpatients. The ALSFRS-R was obtained during Web
visits for monitoring the individual disease progression.

Nutritional Assessment

BMI was calculated by using the formulaBMI = weight (kg) /
height (m)2. Malnutrition was defined by a BMI less than 18.5
kg/m?in ALS patients up to the age of 65 years, aBM| of <20
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kg/m? in patients over 65 years[2,5], severeweight |oss of 3.5%
in 3 months, 5% in 6 months, or 10% in 1 year [2,5,16].

Appetite Assessment

The CNAQ was used for measuring loss of appetite. This
assessment tool has not been specifically developed and
validated for ALS. The CNAQ contains 8 single domain items,
each rated on a 5-point scale. Thus, the total score can range
between a minimum of 8 and a maximum of 40 points. While
lower scores indicate deterioration in appetite, atotal score of
28 or lessis defined as “ severe loss of appetite’ and predicts a
weight loss of at least 5% within the next 6 months [14]. This
prospective questionnaire was developed as a short, simple
appetite assessment tool for patients in long-term care in
institutionalized and community-dwelling adults. Given the
lack of appetite-related sub-scores within the established ALS
rating scales, we decided to use the CNAQ, which does not
include any motor symptom related items. Therefore, the CNAQ
is unlikely to directly reflect difficulty in chewing and
swallowing or the motor disability of patients to care for
themselves. The CNAQ score contains one question concerning
the mood of the patient. Although this item contributes to loss
of appetite, it may interfere with other ALS related symptoms
since anxiety and depression occasionally occur in ALS.

Online Self-Assessment

In the course of ALS, patients need aternative ways of
communicating, especially because of dysarthriaand progressing
physical impairment. An increasing number of patientsrely on
novel methods, such as the Internet, for communication;
therefore we chose the Internet self-assessment method for
completion of questionnaires. The Internet portal ALShome
was created as a safe Web application for collecting
patient-related data and has been described previously [17].
Patients had controlled access to this website using an
automatically generated username and password. Participants
were asked to perform online sel f-assessments once aweek over
aperiod of 6 months. The study period was based on the ability
of the CNAQ to predict weight loss after 6 months. We used
monthly average CNAQ scores for data analysis.

Approval was obtained from the ethical review committee and
Data Security Officer from the Ethikkommission der Charité,
Universitatsmedizin Berlin, for online self-assessment.

Classification of Patients

The study population was clustered by the occurrence of
AL S-associated symptoms. Functional impairment was assessed
by the ALSFRS-R; the score contains 12 items, each scored
from 0to 4. According to our hypothesis, we clustered patients
into 2 groups based on the following 4 categories within the
ALSFRS-R: (1) swallowing impairment (mild to severe vs
without), (2) dyspnea(mild to severe vswithout), (3) orthopnea
(mildto severevswithout), and respiratory insufficiency (using
non-invasive ventilation, N1V, vswithout NIV). Patients scoring
between 0to 3 pointson each single ALSFRS-R item displayed
mild to severe physical impairment and were thus classified as
“"mild to severe”, while patients scoring 4 pointswere classified
as “not functionally affected”. Within the group of patients
suffering from mild to severe swallowing difficulties, individuals
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with percutaneous endoscopic gastrostomy (PEG) were excluded
because the CNAQ was, by definition, not applicable in these
patients [14].

Data Analysis

Relevant data was recorded via the Web-based database and
analyzed with PASW Statistics version 19.0 for Windows.
Regarding the CNAQ independent two-sample t tests with
between subject factor group (patients with “mild to severe”
symptoms vs patients “ not affected”) and within subject factor
symptoms (swallowing impairment, dyspnea, orthopnea, and
respiratory insufficiency) were performed at baseline. For further
analysisamultiplelinear regression was applied. For analyzing
the BMI data and mean CNAQ scores (baseline vs follow-up)
we used the dependent t test for paired samples. The significance
level was tested using atwo-tailed test at P=.05. Mean values
and SD are given.

Results

A total of 51 patients were enrolled in this study, including 34
males with the mean age of 58.4 (SD 9.4, range 37-73) years
and 17 females with the mean average age 59.1 (SD 7.7, range
42-73) years. The mean disease duration was 31.7 (SD 24.9,
range 3-125) months. We included patients with spinal (36/51,
71%), bulbar (13/51, 26%), and axial (2/51, 4%) onset. The
baseline characteristics of the 51 patientsincluding neurological,
nutritional, and respiratory examination status are presented in
Table 1.

During the study period of 6 months, 8 patients underwent PEG.
9 patients died within the observation period. The majority of

Holmet d

patients followed the study protocol including self-assessment
throughout the 6 months of observation. Because of missing
compliance and/or uncertain clinical course, 8 patients
terminated the self-assessment prematurely. At baseline,
assessment of appetite using the CNAQ revealed a severe loss
of appetite (CNAQ<28) in 47% (24/51) of the participants. The
mean CNAQ scorewas 28.1 (SD 3.9, range 20-33). Participant
flow isshown in Figure 1.

Severe loss of appetite (CNAQ<28) was identified in 59%
(17/29) of patients suffering from mild to severe dyspnea
(29/51), in contrast to only 32% (7/22) of patients without
dyspnea (22/51; t,9 = 2.610, P=.012, Table 2 and Figure 2).

The multiple linear regression analysis revealed that dyspnea
(P=.001, R°=.223) and age (P=.038, R’=.223) weresignificantly
correlated with loss of appetite. A similar  (though
non-significant) trend was found for orthopnea. Among 17
patients with mild to severe orthopnea, 59% (10/17) suffered
from loss of appetite, compared to 41 % (14/34) of patients
without orthopnea (t,5=1.974, P=.060). 12 of our 51 patients
were treated with NIV. Fewer NIV-treated patients (5/12, 42%)
had severe loss of appetite than patients not treated with NIV
(19/39, 49%). However, due to small sample numbers, these
results should be interpreted with caution and further study is
warranted.

Surprisingly, there was no significant difference on mean CNAQ
score within the ALSFRS-R item, swallowing impairment (see
Table 2).

Table 1. Descriptive characteristics of the study population during baseline visit. Numbers show mean, SD, and range.

Characteristic Total Male Female

n (%) or n (%) or n (%) or

mean (SD, range) mean (SD, range) mean (SD, range)
n (%) 51 (100) 34 (67) 17 (33)

Age at onset in years,

mean (SD, range)

Duration of disease (months),

mean (SD, range)
ALSFRS-R score,
mean (SD, range)
Weight (kg),
mean (SD, range)
BMI (kg/m?),
mean (SD, range)

Vital capacity,

% mean (SD, range)

Spinal onset, n (%)
Bulbar onset, n (%)
Axial onset, n (%)

NIV, n (%)

56.3 (9.2, 36-72)

31.7 (24.9, 3-125)

33.0 (8.1, 16-47)

72,5 (14.3, 42-105)

23.6 (3.5, 17-32)

65.6 (25.4, 14-107)

36 (71)
13 (26)
2(4)

12 (24)

55.7 (9.5, 36-71)

31.0 (25.6, 3-125)

32.5 (7.5, 19-47)

77.9 (13.3, 57-105)

24.2 (3.5, 19-32)

60 (25.6, 14-107)

26 (77)
6 (18)
2(6)
9(27)

57.3 (8.5, 38-72)

32.9(24.2,9-104)

34.2 (9.3, 16-44)

61.8 (9.7, 42-84)

22.4 (3.2, 17-29)

755 (22.6, 23-107)

10 (59)
7 (41)
0(0)
3(18)
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Table 2. Descriptive characteristics of the study population during baseline visit and after 6 months divided into CNAQ scores (CNAQ < 28 and CNAQ

>28). Numbers show mean, SD, and range.

Characteristics CNAQ<28 CNAQ>28

n (%) or n (%) or

mean (SD, range) mean (SD, range)
Female: Mae 717 10:17

Age at onset, mean (SD, range) 57.8 (10,0, 36-72)
27.7(23.8,3-125)
33.1(8.0, 16-47)
25.9 (8.5, 15-40)

23.1 (3.5, 19-32)

Duration of disease (months), mean (SD, range)
ALSFRS-R score at baseline, mean (SD, range)
ALSFRS-R score after 6 months, mean (SD, range)
BMI (kg/m?) at baseline, mean (SD, range)

BMI (kg/mz) after 6 months, mean (SD, range) 21.6 (33, 17-29)

Vital Capacity at baseline, % mean (SD, range) 64.8 (23.2, 24-103)

Spinal onset, n (%) 20 (83)
Bulbar onset, n (%) 3(13)
Axial onset, n (%) 1(4)
NIV, n (%) 4(17)
Deceased, n (%) 7(29)

54.4 (8.1, 37-69)
35.1 (25.8, 4-104)
33 (8., 16-44)
30.6 (9.0, 17-44)
24.1(3.4,17-32)

23.2(3.7, 18-30)

70.7 (26.4, 23-107)
16 (59)

10 (37)

1(4)

8 (30)

2(7)

At baseline, malnutrition was diagnosed in 46% (26/51) of the
total study population [2,5,16]. 12% (7/51) had an abnormally
low BMI and 40 % (23/51) had suffered from severe weight
lossin thetimeleading up to baseline as defined in the methods
section.

L oss of appetite worsened over time, with the average value of
the CNAQ (mean 28.1, n=51 at baseline) decreasing to a mean
of 26.5 (n=31) after 6 months (t;= 3.433, P=.002, Figure 3).

At baseline, severeloss of appetite wasdetected in 47% (24/51)
of the patients; after 6 months this increased to 65% (22/34).
During the observation period of 6 months, loss of appetite
(CNAQ<28) was associated with weight loss. The mean BMI
inthe severeloss of appetite group decreased significantly from
22.9t0 21.6 kg/m? (t,5=3.829, P=.002); a significant reduction
wasal so found in the group without | oss of appetite (CNAQ>28)

with BMI reducing from 24.4 to 23.4 kg/m? (t,,=3.055, P=.007).

http://www.i-jmr.org/2013/1/e8/

However, the high degree of dysphagia in patients may have
accounted for changes in the second group (ie, necessitating
PEG within the study period). Repeating the analysis only in
patients without high degree of dysphagia, the mean BMI in
the loss of appetite group (CNAQ<28) decreased from 23 to

21.8 kg/m? (t,,=3.467, P=.004; Figure 4), whereas in patients
without loss of appetite (CNAQ>28; Figure 5) and no severe
dysphagia, therewas no significant weight loss (BMI 25.0 kg/m?
at baseline, 24.4 kg/m? at follow-up; t;,=1.961, P=.073).

In conclusion, after correcting for high degree of dysphagia, an
average weight loss of 5% occurred after 6 monthsin the group
of patientswith asevereloss of appetite (CNAQ<28), compared
to 2% of weight loss in patients with a CNAQ score greater
than 28. Additionally, in 24 patients presenting severe loss of
appetite at baseline, 7 patients died during the observation
period. In contrast, 2 patients of 27, who rated their CNAQ
scores higher than 28 at baseline, died.
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Figure 1. Flowchart of appetite assessment and main results after 6 months.

/ 51 patients \
24 patients CNAQ < 28 27 patients CNAQ > 28
8 patients without follow
up
7 patients with severe 2 patients with severe
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Figure 2. Box plots of CNAQ scores in relation to accordance of dyspnea.
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Figure 3. Box plots of CNAQ scores in the course of 6 months; patients receiving PEG (n=8) were excluded in the follow-up.
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Figure 4. Changesin body weight over the course of 6 monthsin ALS patients suffering from severe loss of appetite (CNAQ < 28).
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Figure5. Changesin body weight over the course of 6 monthsin ALS patients with a CNAQ score > 28.
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Discussion

Principal Findings and Conclusions

Appetiteisdefined as a pleasurable sensation or a desire to eat.
For thefirst time we wanted to measure thisfeeling in the course
of ALS, asit isan important part of quality of life especialy in
chronic diseases. There have been anincreasing number of ALS
patientsreporting lack of appetiteleading to reduced food intake
during medical care. Using a combination of clinical
examination and online self-assessment, about half of the study
population showed severe loss of appetite, defined by a CNAQ
score of 28 or less. During the course of the disease, both the
preval ence and severity of appetitelossworsened. Our findings
contributed to the notion that reduced appetite is a common
AL S-associated symptom which may impair the individual
capacity to maintain adequate nutrition. Previous reports have
estimated weight loss exceeding 15-25% of body weight [3,4].
In fact, malnutrition is one of the most common symptoms and
occursinup to 50% of AL S patients[2]. Our finding of frequent
loss of appetitein ALS appearsto bein line with the previously
reported malnutrition studiesin AL S. Earlier work on nutritional
status in ALS examined indicators of malnutrition such as
weight loss, muscle wasting, body composition, and energy
expenditure, but appetite has received little attention. Reduced
appetite is a multifactorial syndrome due to changes in
physiological eating behavior, but is also reinforced by
depression [12]. Reportedly, about 10-20% of ALS patients
suffer from depression [18-23]. Although potentially relevant,
itisunlikely that depression alone explains the high prevalence
of severelossof appetite. However, it would be useful for future
studies to assess depression in ALS to clarify its association
with appetite. To our surprise, we did not found a significant
correlation of appetite to dysphagia; swallowing impairment is
not the leading cause of severe loss of appetite.

http://www.i-jmr.org/2013/1/e8/
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In general, the CNAQ was not validated for ALS or other
neurological disorders, however, we have chosen this assessment
tool because of the absence of motor items. During the past
several years, the interest in patient reported outcomes (PRO)
hasincreased. The US Food and Drug Administration rel eased
different recommendations for the use of PRO in order to
measure the health status, the quality of life, or the evaluation
of treatments. There is a need for computer-based symptom
related self-assessment from the patients' perspective in order
to optimizethe treatment, to support the caregivers, and maintain
thequality of lifein patients better than using surrogate markers.
To improve compliance and acceptance in patients, the use of
an online self-assessment tool at home in a calm setting may
help facilitate communication between the clinicians and their
patients. Especially for immobilized patients with chronic
diseases or patients in palliative care, an online tool for
measuring symptoms and reporting PROs are useful tools for
future treatments and studies. Further advantages of an online
assessing tool are reliable storage, ubiquitous access, fast
transmission, and immediate processing of data. In the sense of
already established telemedicine and future infrastructural
developments, it would be desirable to have a live interaction
between patients and clinicians, with the possibility that
clinicians could respond to critical patient information instantly
viathe Internet.

Our findings correspond with the clinical experience that many
patients present with unintentional weight loss and a declining
nutritional status, independent of dysphagia. Muscle wasting
and cachexiamay occur inthe early course of ALS, without the
presence of bulbar symptoms. Dysphagiawas replaced by severe
loss of appetite as the independent risk factor for unintended
weight loss in ALS. The cause of appetite lossin ALS is not
completely understood. Previous studies proposed a correlation
between resting energy expenditure and respiratory function
[24,25]. In fact, we found a significant association between
dyspnea and loss of appetite. Loss of appetite occurred more
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often in patients with dyspnea compared to patients without
dyspnea. Our observations suggested that increased respiratory
effort promotes aloss of appetite. This result may be explained
by early satiety after eating small amounts due to AL S-related
weakness of the patients' diaphragm [26], supported with
evidence from patients with paralysis of the diaphragm who
developed peri- or postprandia dyspneaand fatigue [26]. More
speculatively, the known change of inflammatory statusrelated
to respiratory failure may reduce appetite [12,27-30].

The observed effect of respiratory disturbances is unlikely to
berelated solely to modifications of patients” diet due to bulbar
dysfunction, since dysphagia was not a risk factor for loss of
appetite. In our study, 12 patients using NIV were enrolled.
Severeloss of appetite occurred lessfrequently inthe NIV group
(42%, 5/12) as compared to patientswithout NIV (49%, 19/39).
Although it is well-known that NIV may reduce energy
expenditure and prevent negative effects of dyspnea on satiety,
the data of our study did not reach statistical significance and
was limited by small sample numbers. However this might be
an area worthy of development alongside studies of NIV
effectiveness.

Limitations and Further Research

Limitations of the current study included recruitment of patients
from a single specialist ALS center, a relatively small sample
size (particularly for subgroup analysis), and the absence of
detailed dietary or metabolic assessments. Despite the fact that
the CNAQ has not been validated in the context of ALS, our
results point towards the same direction as the prediction of at
least 5% weight loss within 6 months [14]. For validation of
the CNAQ within ALS, it would be necessary to examine the
quality criteria objectivity, reliability, and validity. It would
also be essential to standardize the CNAQ-based results in a
representative cohort of AL S patients and to compare them with
an equivalent assessment tool. Furthermore, the results of the

Holmet d

validation of the CNAQ in ALS patients should be compared
with those of the applied CNAQ in long-term care in
institutionalized and community-dwelling adults. Additional
weaknesses of the paper are the missing assessment of
depression as one reason for appetite loss as well as possible
cognitive impairments regarding answering the relevant
guestionnaires during our investigation. These should be
addressed in further trials investigating loss of appetite.

However, the results of the study had benefitted from a
longitudinal time course, enabled in part by the novel use of an
online patient portal to collect clinically validated health data.
Such systems have the potential to accelerate clinical research
in ALS, whether fielded in the context of clinical management
(such as ALSHome. [17]) or an independent platform such as
PatientsLikeMe [31,32] because once the infrastructure is in
place, thereislittle or no incremental cost for fielding research
surveys, which patients can do at home and in their own time.

Because the etiologies of severe loss of appetite are
heterogeneous, several approaches to treatment of reduced
appetite have been reported. However, most of the studies have
been performed in the context of malnutrition from cachexiain
patients with cancer [33]. Pharmacological agents have been
investigated in an attempt to favorably affect appetite including
progestagens, corticosteroids, cannabinoids, olanzapine, and
mirtazapine[33,34]. In ALS, these agents have been rarely used.
There are still many questions with regard to the implication of
severeloss of appetite and its direct effect on nutritional status,
survival, or most importantly, quality of life. Given the open
guestions, the impact of early satiety and reduced appetite has
to beinvestigated in larger studies. From these studies, we will
conclude whether interventions such as appetite-stimulating
pharmacotherapy are justified and potentially successful. The
timely detection and treatment of |oss of appetite may contribute
to improved palliation for patients with ALS.
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Abstract

Background: The Great East Japan Earthquake occurred on March 11, 2011. Tokyo and Osaka, which are located 375 km and
750 km, respectively, from the epicenter, experienced tremors of 5.0 lower and 3.0 seismic intensity on the Japan M eteorol ogi cal
Agency scale. The Great East Japan Earthquake was the fourth largest earthquake in the world and was accompanied by a
radioactive leak at a nuclear power plant and a tsunami. In the aftermath of a disaster, some affected individuals presented to
mental health facilities with acute stress disorder (ASD) and/or post-traumatic stress disorder (PTSD). However, few studies have
addressed mental stress problems other than ASD or PTSD among the general public immediately after a disaster. Further, the
effects of such adisaster on residentsliving at considerabl e distances from the most severely affected area have not been examined.

Objective: This study aimed to prospectively analyze the effect of a major earthquake on the prevalence of insomnia among
residents of Tokyo and Osaka.

Methods: A prospective online questionnaire study was conducted in Tokyo and Osaka from January 20 to April 30, 2011. An
Internet-based questionnaire, intended to be completed daily for a period of 101 days, was used to collect the data. All of the
study participantslived in Tokyo or Osakaand were Consumers Co-operative Union (CO-OP) memberswho used an I nternet-based
food-ordering system. The presence or absence of insomnia was determined before and after the earthquake. These data were
compared after stratification for the region and participants’ age. Multivariate analyses were conducted using logistic regression
and a generalized estimating equation. This study was conducted with the assistance of the Japanese CO-OP.

Results: The prevalence of insomnia among adults and minors in Tokyo and adults in Osaka increased significantly after the
earthquake. No such increase was observed among minors in Osaka. The overall adjusted odds ratios for the risk of insomnia
post-earthquake versus pre-earthquake were 1.998 (95% CI 1.571-2.542) for Tokyo, 1.558 (95% CI 1.106-2.196) for Osaka,
and 1.842 (95% Cl,1.514-2.242) for both areas combined.

Conclusions:. The prevalence of insomniaincreased even in regions that were at a considerable distance from the epicenter.

Both adults and minors in Tokyo, where the seismic intensity was greater, experienced stress after the earthquake. In Osaka,
where the earthquake impact was milder, disturbing video images may have exacerbated insomnia among adults.

(Interact J Med Res 2013;2(1):€2) doi:10.2196/ijmr.2485
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insomnia; Web-based survey; population surveillance; disaster; nuclear accidents; earthquakes
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Introduction

On March 11, 2011, the Japanese islands sustained a
9.0-magnitude earthquake. Unlike previous major earthquakes
in Japan [1,2], this earthquake was followed by a tsunami that
devastated the affected areas [3]. More than 20,000 individuals
were recorded as dead or missing. The tsunami also caused
extensive damage to the Fukushima Daiichi nuclear power plant,
resulting in a level 7 nuclear accident [4,5]. This induced
considerable anxiety among residents living near the nuclear
power plant and among people living as far away as the Tokyo
metropolitan area[6]. Images of the tsunami and scenes of the
nuclear accident were shown repeatedly on television and the
Internet.

In the aftermath of a disaster, people may experience not only
physical disorders but also acute stress disorder (ASD), which
can pesist for up to 4 weeks. Furthermore, chronic
post-traumatic stress disorder (PTSD) is common among

Table 1. Number of participants according to sex and age group.
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individuals who have faced such situations [7]. Studies of
disaster-related mental disorderstypically include an assessment
of the prevalence of PTSD, follow-up of patients diagnosed
with ASD [8], and a comparison of the numbers of new and
previous cases of PTSD in agiven area. However, because these
studies are usualy planned after a disaster, pre-disaster
prevalence must be determined retrospectively. A recollection
of previous insomnia is likely to be less accurate than the
prospective reporting of current symptoms of insomnia,
especialy during the traumatic aftermath of a disaster.

The current study made use of a daily health survey that was
administered to 3128 participantsin Tokyo and 1925 participants
in Osaka (Table 1) from January 20 to April 30, 2011. One
guestion on the survey specifically asked about the presence or
absence of insomnia. Because the Great East Japan Earthquake
occurred during the course of this survey, this was a rare
opportunity to prospectively assesstheimpact of an earthquake
on the prevalence of insomnia among residents of Tokyo and
Osaka.

Tokyo Osaka

N (male/female) N (male/female)
Adults (=20 years of age) 2073 (999/1074) 1182 (564/618)
Minors (<20 years of age) 1055 (575/480) 743 (373/370)

Methods

Study Period and L ocations

This survey began on January 20, 2011 and continued for 101
days until April 30, 2011. The questionnaire collected data
related to theindividual’s health status on the day of the survey,
and participants were instructed to complete the survey every
day for the duration of the study period. The survey was
conducted viaan Internet-based questionnaire among residents
of the Tokyo metropolitan area and Osaka, the largest city in
western Japan. Tokyo is located approximately 375 km from
the epicenter of the earthquake (N 38°06' E 142°51") and
approximately 200 km from the Fukushima Daiichi nuclear
power plant (N 37°42' E 141°03'). The seismic intensity of the
main shock in the center of Tokyo, as recorded by the Japan
Meteorological Agency (JIMA), was 5.0 Lower on the IMA

http://www.i-jmr.org/2013/1/e2/

scale[9]. The IMA scaleis comprised of 5 phasesfrom 1 to 5.
Grades5 and 6 arefurther classified into 2 subcategories: upper
and lower. During an earthquake with an intensity of 5.0 Lower,
people may find it difficult to move around, but major
destruction is generally not expected. In contrast, many people
find it hard to move during earthquakes with an intensity of 5.0
Upper [9]. Shinjuku Ward, where the offices of the Tokyo
Metropolitan Government are located, was subsequently hit by
10 aftershocksthat continued until April 16, 2011. The seismic
intensity of the aftershocks was =3.0, strong enough to be felt
by most people inside buildings [9]. Osaka, the other area
investigated in the survey, is situated 750 km from the epicenter
of the earthquake. The seismic intensity of the main shock was
recorded as 3.0 in the offices of the Osaka Prefecturd
Government. Osaka did not receive any aftershocks with a
seismic intensity =3.0 (Figure 1).
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Figure 1. Map of the locations relevant to this study.

Participants

This study was conducted with the assistance of the Japanese
Consumers' Co-operative Union (CO-OP). All respondentswho
completed the questionnairelived in Tokyo or Osakaand resided
in households that included CO-OP members who placed food
orders via the CO-OP website.

Survey Method

This study was conducted with the approval of the Ethics
Committee of Nara Medical University (authorization code:
220). The general health condition of the participants, including
their deeping patterns, wasinvestigated using an Internet-based
guestionnaire. Theorigina aims of thissurvey wereto determine
theimpact of biological factors, such asinfectious diseases, and
abiotic factors, such as climate, on the physical condition of
residents during the study period. The survey method and data
processing methods were described in detail in our previous
study [10].

Registration Method

Respondents were recruited through a banner advertisement on
the CO-OP’ s website. Each participant was rewarded with 500
yen (US $1=91.15 yen on the first day of the survey) upon
registration for participating in the survey. No remuneration, in
the form of cash, was given for providing answers on a daily
basis.

http://www.i-jmr.org/2013/1/e2/
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Daily Survey Method

The original research plan was to send a reminder email to all
the respondents on each day of the survey that would direct
them to the website where they could provide their responses.
The email was distributed as planned until day 50 of the survey.
The Great East Japan Earthquake occurred on day 51 of the
survey. The reminder emails were discontinued, as it was
decided that the participants, who were recovering from the
disaster, should not be burdened. Further responses were |eft
to the participants’ discretion during a hiatus period from March
14 to April 5, 2011, when the reminderswere reingtituted. After
the earthquake, respondents were able to submit descriptions
of their physical condition by voluntarily visiting the website.

The daily survey procedure was designed to be simple. After
confirming the everyday hedth condition of the family,
participants were asked to accessthe survey website and answer
several questions. The first question asked whether any family
member was in poor hedlth. If the participant answered “no”,
they were excluded from the survey. If the participant answered
“yes’, they were asked to answer additional “yes’ or “no”
guestions on 19 symptoms; these questions pertained to the
individual filling out the questionnaire as well as each member
of hisor her family [10]. The presence or absence of insomnia
was prospectively investigated for 50 days before and 51 days
after the Great East Japan Earthquake (including the day of the
earthquake).
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Statistical Analysis

In both surveyed areas, the prevalence of insomnia was
calculated on a daily basis (the number of people reporting
symptoms of insomniadivided by the number of responses per
day) among people aged <20 years and those aged =20 years.
Using a chi-square test, the presence or absence of insomnia
before and after the earthquake was investigated for any
correlation with region or participant age. A multivariate
analysis was carried out using logistic regression analysis and
ageneralized estimating equation. The presence or absence of
insomniawas the dependent variable. Theindependent variables
included insomnia occurring after the earthquake, sex, age,
region of each participant, the status of reminder emails (sent
or not), and the incidence of pollinosis, which plagued
approximately 30% of adults in those urban areas during the
spring [11]. The statistical analyseswere carried out using SPSS
version 19.0 (IBM, Chicago, IL, USA).

Results

Response Rate

The mean (SD) daily response rate during the period when
reminder emails were sent was 64.17% (5.78%) for Tokyo and
68.31% (5.18%) for Osaka. The response rate did not decline
significantly over the course of the study. The response rate
during the period when no reminder emails were sent (March
14 to April 5, 2011) was 24.47% (12.97%) for Tokyo and
27.82% (13.55%) for Osaka.

Table 2. Chi-square analysis according to sex and age.

Sugiura et a

Daily Prevalence of Insomnia

Figures 2 and 3 illustrate the daily prevalence of insomnia in
Tokyo and Osaka, respectively, according to age. The figures
aso indicate the dates of the main earthquake and the
aftershocks with seismic intensity =3.0. Before the earthquake,
the average daily prevalence of insomniain Tokyo was 1.05%
(0.18%) for adults (age =20 years) and 0.53% (0.22%) for
minors (age <20 years); after the earthquake, thisvalueincreased
to 2.35% (0.65%) for adults and 1.90% (1.17%) for minors.
The maximum seismic intensity of the main earthquake was
5.0 Lower in Tokyo (Figure 2).

Before the earthquake, the average daily preva ence of insomnia
in Osaka was 1.25% (0.25%) for adults and 0.092% (0.14%)
for minors; after the earthquake, this value increased to 1.83%
(0.51%) for adults but remained approximately the same at
0.089% (0.17%) for minors. The maximum seismic intensity
of the main earthquake was 3.0 in Osaka (Figure 3).

A chi-square test was conducted to analyze the data according
to region and age group. There was asignificant increasein the
number Tokyo residents who reported symptoms of insomnia
after the earthquake (P<.001 for both adults and minors)
compared with that before the earthquake. The same findings
werereported for adultsin Osaka after the earthquake (P<.001).
No significant difference was observed among minorsin Osaka
(Table 2). We conducted asimilar chi-sgquare test that excluded
the period during which no reminder emails were sent and
similar results were obtained.

Region Chi-squarevalue  Degreesof free- P Oddsratio 95% ClI
dom
Tokyo Adults 246.63 1 <.001 2.107 1.916-2.317
Minors 128.52 1 <.001 2.763 2.301-3.319
Osaka Adults 34.65 1 <.001 1.438 1.273-1.623
Minors 0.087 1 77 1.096 0.595-2.020
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Figure 2. Prevalence of insomniain Tokyo. The prevalence of insomniaincreased after the earthquake for both adults and minorsin Tokyo.
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Figure 3. Prevalence of insomnia in Osaka. The prevalence of insomnia among adults increased after the earthquake. The prevalence of insomnia
among minors remained approximately the same as that before the earthquake.

371172011 Main Shock |

3 &
25 r

a

s Daily prevalence of insomnia
among adults in Osaka aged =20
years (%)

=]

=D aily prevalence of insomnia
among minors in Oszka aged <20
1 years (%a)

Daily prevalenes o finsonmia (%)
-
o in
L
e

A Osaka Seismic intensity scaleZ 3

- = = = = = = = = = = = o— —

Analysis of Factors Associated with the Prevalence of
Insomnia

Multivariate analysiswas conducted to determine the oddsratios
for insomnia (Table 3). The adjusted odds ratios for insomnia
after versus before the earthquake were 1.998 (95% CI

http://www.i-jmr.org/2013/1/e2/

XSL-FO

RenderX

1.571-2.542, P<.001) for Tokyo, 1.558 (95% CI 1.106-2.196,
P=.011) for Osaka, and 1.842 (95% Cl1.514-2.242, P<.001)
for the 2 areas combined. Table 3 presents the factors analyzed
in this study and their associations with the prevalence of
insomnia.
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Table 3. Multivariate analysis of factors associated with the prevalence of insomnia.

Odds ratio P 95% ClI
Predictor for sleeplessness a
Post-earthquake vs pre-earthquake 1.842 <.001 1.514-2.242
Age 220 years vs age <20 years 2.246 .027 1.095-4.605
Femalevs male 1.510 .109 0.912-2.501
Presence vs absence of pollinosis 2.334 .001 1.437-3.791
Tokyo vs. Osaka 1.404 .187 0.848-2.323
No reminder email vs reminder email 1.303 .016 1.050-1.617
Predictor of sleeplessness
Tokyo
Post-earthquake vs pre-earthquake 1.998 <.001 1.571-2.542
Age 220 years vs age <20 years 1.378 421 0.631-3.010
Femalevs male 1.670 .903 0.90-3.087
Presence vs absence of pollinosis 2.437 .005 1.317-4.509
No reminder email vs reminder email 1.435 .004 1.121-1.838
Osaka
Post-earthquake vs pre-earthquake 1.558 .011 1.106-2.196
Age 220 years vs age <20 years 13.987 <.001 6.408-30.530
Femalevs male 1.285 554 0.554-2.983
Presence vs absence of pollinosis 2.193 .047 1.012-4.751
No reminder email vs reminder email 1.005 .983 0.658-1.535

8values are total counts from Tokyo and Osaka

Discussion

Overall

This study examined the prevalence of insomnia among
residents in areas that were at different distances from the
epicenter of the Great East Japan Earthquake. Thisis a unique
study in that it analyzes the effect of a great earthquake on the
rates of insomniaand includes a pre-event baseline in the same
group.

Great East Japan Earthquake and Its I mpact

Major earthquakes have been common throughout the
Asia-Pacific region over the past 2 decades [12,13], with more
major earthquakes occurring in Japan than in any other country.
In recent decades, 4 particularly large earthquakes have hit
Japan, including the Great Hanshin Earthquake of 1995, which
hit the Osaka region [1,2,14,15]. The Great East Japan
Earthquake was the fourth largest earthquake in the world and
was accompanied by 2 major events that could have occurred
only in a modern society. First, the earthquake caused a
radioactive leak at anuclear power plant. Second, video images
of the ensuing tsunami were recorded, and the footage was
shown repeatedly on television; they were also available on the
Internet. These images had a profound psychological impact
on viewers. In the aftermath of a disaster, affected individuals
may present to mental health facilities with ASD and/or PTSD

http://www.i-jmr.org/2013/1/e2/

[16-19]. However, few studies have addressed mental stress
problems other than ASD or PTSD among the general public
immediately after a disaster. Although ASD and PTSD tend to
draw greater research attention in studies related to a major
disaster, the effects of such a disaster on residents living at
considerable distances from the most severely affected area
have not been examined. This study revealed an increasein the
preval ence of insomnia among the general public immediately
after the occurrence of a major earthquake. To our knowledge,
this is the first study conducted in Japan that presents
longitudinal dataon the persistence of insomniain 2 age groups.

Daily Prevalence of Insomnia in Tokyo and Osaka

The daily prevalence of insomniaincreased among both adults
and minors in Tokyo after the Great East Japan Earthquake.
Although the daily prevalence of insomnia increased among
adults in Osaka, a similar increase was not observed among
minors. The adjusted odds ratiosfor insomniaafter versus before
the earthquake were 1.998 (95% Cl 1.571-2.542) for Tokyo,
1.558 (95% CI 1.106-2.196) for Osaka, and 1.842 (95% CI
1.514-2.242) for the 2 areas combined. These results
demonstrate an increased prevalence of insomnia among
residentsin regions located at considerable distances from the
immediate zone of the disaster. In Tokyo, where there was no
observabl e infrastructure damage due to the tsunami, 7 people
died as aresult of the initial tremor. In addition, many people
in Tokyo experienced considerable psychological strain for a

Interact JMed Res 2013 | vol. 2 |iss. 1 |e2 | p.94
(page number not for citation purposes)


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

INTERACTIVE JOURNAL OF MEDICAL RESEARCH

prolonged period. Many commuters were stranded because of
interrupted transportation services, and there was a high risk of
radioactive contamination associated with the nuclear accident.
Theincreased prevalence of insomniaamong minorsin Tokyo,
who are generally less susceptible to stress induced by indirect
sources such as media coverage, may be attributable to the
effects of the aftershocks. In contrast, the seismic intensity of
the main shock in Osaka was 3.0; therefore, direct feelings of
fear were likely to be less common, and there was an absence
of palpable aftershocks. The prevalence of insomnia among
minors in Osaka following the earthquake was not increased,
which can be explained by the residents’ exposure to fewer
direct and local effects. However, anincreased number of adults
in Osaka reported insomnia. This may have stemmed from
exposure to information reported by the media. Other possible
causes of insomnia among these adults include anxiety about
their future and memories of the disaster caused by the Great
Hanshin Earthquake of 1995.

Questionnaire Survey and Its Advantages

A Web-based questionnaire survey was used in the current study
because more data are acquired with Internet-based
epidemiological surveys than with conventional, paper-based
surveys[20,21]. This method was effectivein targeting general
residents and enabling the acquisition of information from
people with medical complaints deemed very mild to warrant
avisittoamedical facility. In addition, this survey method was
successful because the participants were required to respond
only to simple questions regarding the presence or absence of
symptoms, thus, the input burden was low. Although a
meta-analysis of 68 studies [22] indicated that the normal
responserateto Internet-based surveysislow (39.6%), the daily
response rate for this study during the period when reminder
emails were sent was 64.17% (5.78%) for Tokyo and 68.31%
(5.18%) for Osaka. The survey questions were not specifically
designed to detect post-disaster psychological conditions, and
insomnia was only 1 of severa conditions investigated.
Participants’ responseswere limited to the presence or absence
of insomnia, and there was no attempt to determine the severity

Sugiura et a

of the condition. Because insomnia was investigated as only 1
of several conditions, participants were unaware that their
responseswould be used in astudy on post-disaster stress, even
after the earthquake struck. It is possible, therefore, that the
participants were less inclined to answer “yes’ to the question
about any experience of insomnia symptoms. This possibility
is supported by the fact that the average daily prevalence of
insomnia among adults before the earthquake was 1.1% in
Tokyo and 1.3% in Osaka; these rates are lower than the values
reported by an earlier survey on the prevalence of insomnia
among Japanese adults [23].

Limitations

Immediately after the earthquake struck, an ethical decisionwas
made to refrain from sending reminder emails. Therefore, the
response rate was low during this period. However, no
significant difference in the daily prevalence of insomnia
correlated with the use of these reminder emailsin either Tokyo
or Osaka. The chi-square test results were similar between
analysisincluding and excluding thistime period. Although the
reminder emailswereincluded in thelogistic regression analysis
as an independent variable, the presence or absence of the
reminder emails inevitably remains a limitation of this study
and a potential source of bias. However, we believe that this
factor had a negligible effect on the results.

Conclusions

This study examined the prevalence of insomnia among
residents in areas distant from the epicenter of the Great East
Japan Earthquake. In Tokyo, where the seismic intensity was
higher, both adults and minors experienced increased rates of
insomniaasadirect result of the earthquake and its aftershocks.
Further, mental stressinduced by information broadcast by the
media may have influenced the prevalence of insomnia. In
Osaka, where the seismic intensity was lower, only adults
exhibited an increased prevalence of insomnia. Health care
practitioners should be aware that individual s might experience
mental stress, including insomnia, even in areas distant from
those that are directly affected by a natural disaster.
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Abstract

In 2012, severa kinds of electronic books (e-books) became available in Japan. Since several major book retailers launched
e-book businesses, it is expected that e-books will become a popular source of information in the country. However, we are
concerned that e-books may also be a source of misinformation. In examining 24 available materials published by anti-vaccinists,
"atopy businesses’, and "wellness maintenance" authors, each was found to contain inaccuracies or misinformation. Thus far,
such information is only availablein printed books. If these books are scanned and circulated, or published in e-book format, this
misinformation may circulate rapidly as e-book devices are becoming popular, and, consequently, harm people’s health. We think
that it isimportant for the government to formul ate ethical guidelinesfor the publishing e-bookswith due consideration to freedom

of expression.

(Interact J Med Res 2013;2(1):€10) doi:10.2196/ijmr.2541
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Introduction

In 2012, several electronic book (e-book) devicesbecamewidely
availablein Japan[1]. Even though several e-book deviceswere
previously available, it is expected that newly introduced
e-bookswill become more popular becausethe devicesare sold
by some of the more popular book retailersin Japan who provide
free accessto retail websites. Their business model is designed
to provide easier access to e-books than ever before. The only
thing that a user has to do is to register a payment method. In
20186, it is expected that the number of e-book users will grow
to 5 million (viae-book reader), 27 million (viatablet devices),
and 80 million (via smartphone) [2]. Thus, it is expected that
e-bookswill make accessto information mediamore convenient.

In this regard, we are concerned that e-books may be a source
of misinformation. Now that several self-publishing manuals

http://www.i-jmr.org/2013/1/e10/

RenderX

are available, circulation of individual ideas without any
scientific evidence via e-books is easy. In this article, we
reviewed 3 topics of misinformation circulated by printed books
that have been observed in Japan, and finally conclude that an
ethical guidelinefor e-book publications should be considered.

We searched and examined al the printed books written in
Japanese that were accessibleviathe Internet (in total 24 books).
In this paper, we will discuss the 3 major topics of concern.

Vaccination

The first example of concern is vaccination (8 books). Japan
has long history of distrust of vaccines [3-5]. Several
anti-vaccinists, some with medical licenses and others without,
published booksthat suggest that it isinappropriate for readers
to vaccinate their children. Their structure of argument usually
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contains both correct information and false recommendations
and concluded that government recommendations are unsound.
For example, some publications asserted that mumps vaccine
isnot recommended and natural infection is better than vaccine
for acquiring immunity. They stand on the fact that low quality
mumps vaccines caused severe side effects with poor prognosis
including death. The current vaccine is recognized as safe.
However, the aforementioned authors asserted that the data
quality is not reliable. In addition, they did not alert readersto
therisk of permanent hearing loss attached to mumpsinfection,
for example. They asserted that severe consequences seldom
occur since the number of reported cases is decreasing. They
also claimed that even the measles vaccine is not necessary.
Their point isthat children can till beinfected by measleseven
if they received the measles vaccine because immunity may
diminish within several years after injection. In addition, they
introduced a case of subacute sclerosing pan encephalitis that
may have been caused by the measles vaccine and pointed out
that the measles vaccine should not be recommended to all
children because of its severe side effects. However, available
epidemiological dataincluding genotyping data do not suggest
the measles vaccine virus as a possible cause of subacute
sclerosing pan encephalitis [6]. The problem with this
publication isthat their discussionslack stochastic consideration.
However, readers who do not recognize this flaw may follow
these anti-vaccine recommendations, leaving their children
vulnerable to vaccine targets.

Atopy Businesses

The second exampleis the "atopy businesses’ (8 books) [7,8].
As the term "business' implies, books containing "atopy
business" information are published for commercia reasons.
They try to sell alternative therapy products such as specially
treated foods, specially treated creams, and hot spring waters.
They would show examples of rare cases of severe atopic
dermatitis in a sensationalistic manner, and then conclude that
steroids are acause of severe diseases and should not be applied
to human skin. Some of these publications claimed that, if the
patients were left untreated by their products or treated by
steroids, they would be sure to suffer from atopic dermatitis.
An alternative therapy, that is, their own products, would be
recommended. To high information seekers such as parentswho
worry about their children with or acquiring allergies[9], these
texts look impressive and trustworthy. However, these
alternatives are not medically evaluated and are generally
expensive. Patientsfoll owing these unproven treatment regimens
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would suffer financially and physically, astheir conditions may
worsen with these new treatments.

Wellness Maintenance Books

The third example is "wellness maintenance books' (8 books).
These books are written by qualified medical doctors and
demonstrate how to live a hedthy life by following some
extreme life habits. In one example, the author recommended
that readers eat food only once aday, leaving one's body fasted.
The possibility and concerns related to the consequence of
hypoglycemia or hypoalbuminemia, for example, were not
thoroughly discussed. In addition, they claimed that malnutrition
could be averted by eating foodsin their natural state, including
unpeel ed vegetables and unprocessed fish with the fish head or
internal organs because the authors maintain that they are perfect
nutritional foodsin their natural form.

Ethical Publishing Guidelines

Some of the above mentioned content is already sold in e-book
format [10]. However, in cases where they are not sold in an
electronic format, used books are still sold through the Internet
[11]. People may take advantage of the convenience of e-books
due to the availability of self-publishing manuals, scan these
books, and sell themillegally (sale of scanned booksisillegal
in Japan). To make matters worse, the public may write and
publish their own e-books with mideading content, thus
facilitating the dissemination of misinformation.

AsGeradineet a observed, “written information on medicines
can beinterpreted by consumersin waysthat may lead to anxiety
or apprehension, and a refusal of prescribed medicines’ [12].
Thus, the prevalence of e-books may have adetrimental impact
on human health. Fortunately, at the time of writing this paper,
these books are not yet published electronically. Whileit isan
ideal timeto createlegisation to punish publishers/authorswho
caused harmful effectsto people’s health, it isdifficult to judge
the causal relationships between published books and health
effects. We recommend that the government should promptly
formulate ethical guidelines targeted at the content of e-books,
listing that disputable information that should not be allowed
in ebooks with due consideration to freedom of
expression/publication. Publishing associations should be
watchful of the materia that they publish based on the stated
ethical guidelines and control the distribution of disreputable
e-books.
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Abstract

Background: Recent publicationson YouTube have advocated its potential for patient education. However, areliable description
of what could be considered quality information for patient education on YouTube is missing.

Objective: To identify topics associated with the concept of quality information for patient education on YouTube in the
scientific literature.

Methods: A literature review was performed in MEDLINE, ISI Web of Knowledge, Scopus, and PsychINFO. Abstract selection
was first conducted by two independent reviewers; discrepancies were discussed in a second abstract review with two additional
independent reviewers. Full text of selected papers were analyzed looking for concepts, definitions, and topics used by its authors
that focused on the quality of information on YouTube for patient education.

Results: In total, 456 abstracts were extracted and 13 papers meeting eligibility criteria were analyzed. Concepts identified
related to quality of information for patient education are categorized as expert-driven, popularity-driven, or heuristic-driven
measures. These include (in descending order): (1) quality of content in 10/13 (77%), (2) view count in 9/13 (69%), (3) health
professional opinion in 8/13 (62%), (4) adequate length or duration in 6/13 (46%), (5) public ratingsin 5/13 (39%), (6) adequate
title, tags, and description in 5/13 (39%), (7) good description or a comprehensive narrative in 4/13 (31%), (8) evidence-based
practices included in video in 4/13 (31%), (9) suitability as a teaching tool in 4/13 (31%), (10) technical quality in 4/13 (31%),
(11) credentials provided in video in 4/13 (31%), (12) enough amount of content to identify its objectivein 3/13 (23%), and (13)
viewership sharein 2/13 (15%).

Conclusions: Our review confirms that the current topics linked to quality of information for patient education on YouTube
are unclear and not standardized. Although expert-driven, popularity-driven, or heuristic-driven measures are used as proxies to
estimate the quality of video information, caution should be applied when using YouTube for health promotion and patient
educational material.

(Interact J Med Res 2013;2(1):€6) doi:10.2196/ijmr.2465

KEYWORDS
YouTube; patient education; Internet; health education; quality of information
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Methods

Founded in February 2005, YouTube is a free video-sharing
site that allows people to find, view, and share videos [1]. It
also provides new opportunities for people to connect,
collaborate, create, circulate, and disseminate original media
creations [2].

Currently, YouTube has over 100 million videos, and has
become a valuable resource to find videos containing personal
stories about health and illnesses [3]. Its power to disseminate
personalized health education and health communication
messages cannot be underestimated [4]. One of the main features
of YouTube is that anyone can publish a video, regardless of
their background, medical qualifications, professionalism, or
intention, and therefore health information available on
YouTube can range from high quality to sales propaganda or
pseudo-scientific scams [5-8].

Taking into account the exponential growth and popularity of
YouTube, it has been suggested this video-sharing site could
be considered an effective channel and apowerful tool for health
education. While the most popular use of YouTube at present
is primarily for entertainment sources, as people become
increasingly comfortable and familiar with social media sites,
the number of people using social media for health purposes
will likely rise. In fact, arecent report from the Pew Internet &
American Life Project showed that 72% of online 18-29 year
olds use social networking websites, and that 31% of online
teens (aged 12-17) get their information on health, dieting, or
physical fitness from the Internet [9]. Coupled with the recent
review which found that there are at least 5 areas of safety
concernsidentified in health-related videos on YouTube[7], it
isimportant to identify how quality of information is currently
being assessed in social mediafor health purposes.

Studies are emerging to recognize the role and relevance of
YouTube for health promotion [10,11] or educating patients on
specific conditions [12-15]. Efforts have been made to
standardize publication of health videos on YouTube; for
example, the Centersfor Disease Control and Prevention (CDC)
has a specific guideline for publishing on YouTube and other
online video sites [4]. However, different users may have
different concepts of information quality. As Purcell et al
observed, "the quality of information, like beauty, isin the eye
of the beholder, and it is users' views we should be seeking”
[16]. Onthe Internet, measuresto standardize the thoroughness
and reliability of medical information websites has been
developed, such as the certificate of quality Health on the Net
Foundation Code of Conduct (HONcode) [17] in which an
expert committee checks that ethical principles are met, and if
so, this website can display the logo accrediting its quality.
Research on this certificate showed that it represents aguarantee
for consumers regarding trustworthy, ethical, quality, and
transparent health information [18,19]. But, at present, asimilar
system of trustworthy or a reliable description of what could
be considered quality information for patient education on
YouTube isabsent. The objective of thisreview wasto identify
topics associated with the concept of quality information for
patient education on YouTube in the scientific literature.

http://www.i-jmr.org/2013/1/e6/

Overview

A conscientious literature review by adapting the systematic
review approach was performed on the concept of quality of
information for patient education on YouTube. The electronic
databases consulted were MEDLINE, 1Sl Web of Knowledge,
Scopus, and PsychINFO. Since research on the use of YouTube
for patient education is limited, we gave priority to primary
sourcesthat were published in peer-reviewed journals providing
outcome data.

Search Strategy

Two search strategies were used in MEDLINE, one based on
the use of only Medical Subject Headings (MeSH) and the
second based on text-word searches. For the first search,
researchers used the following MeSH terms: Internet; Health
Communication; Health Literacy, Personal Satisfaction;
Information Literacy; Accessto Information; Consumer Health
Information; Communications Media; and Computer
Communication Networks. These terms were combined with
theword “ YouTube” limited to publicationsin English. For the
second search, free terms were used: YouTube; and quality of
information; health; healthcare; and patient education in
combination with YouTube, and also limited to publicationsin
English.

Similar search strategies were applied in other databases, and
all publications containing the concepts* YouTube” and “ Quality
of information” in ISI Web of Knowledge, Scopus, and
PsychINFO were also included. All searches were performed
in November 2011.

Study Selection Process and Data Extraction

Titles and abstracts identified in the bibliographic databases
were reviewed by two researchers (AL and EG) independently
in the first abstract review. Duplicated studies and those with
missing abstracts were excluded. Abstracts meeting any of the
following exclusion criteria were also excluded: (1) the scope
was not YouTube, and/or (2) the concept of quality of
information for patient education was absent. A second abstract
review was performed, where discrepancies between the first
two reviewers were discussed with two additional independent
reviewers (LF and MA) until consensus was reached. Full text
of studies with agreement from at least two reviewers were
retrieved for careful dataextraction of the concepts, definitions,
and topics used by its authors on the quality of information on
YouTube for patient education. Search results are summarized
in Figure 1.

The complete data extraction process and analysis was
performed adapting the PRISMA recommendations for
systematic reviews [20]. We excluded the statements referring
to characteristics related specifically with clinical trials, asthe
trial registration code or the assessment and data were at risk
of bias (ie, statements 4,5,11,12,15,16,19-23) as they are not
applicableto the studiesthat wereretrieved. Inter-rater reliability
was obtained for the first abstract review. A 95% confidence
interval wasfound using the generic formulafor 95% confidence
intervals (estimate + SE 1.96).
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Figure 1. Literature search and study selection process of quality of information for patient education on YouTube.

* 113 in SCOPUS

+ 29 in PsychINFO

456 ahstracts retrieved for evaluation
+ 80 in MEDLINE (MeSH Temns)
+ 203 in MEDLINE (Free terms)

* 31in IS] VWeb of Knowledge

Y

185 abstracts were independently reviewed:
» 185 duplicates w ere excluded
+ 86 missing abstract w ere excluded

Reviewer 1:

+ 8 abstracts meeting the criteria

+ 177abstracts rejected for severalreasons
(the scope was not YouTube and/or the
conceptof quality of information for patient
education w as absent)

Reviewer 2:

+ 10 abstracts meeting the criteria

+ 175 abstracts rejected for several reasons
(the scope was not YouTube and/or the
concept of quality of information for patient
education w as absent)

13 selected abstiracts selected by
at least one reviewer:

* 5 agree between 2 reviewers

+ 8 disagree hetween 2 reviewers

¢

13 full-text papers were analyzed:
+ 4 agree between 4 reviewers
* 5 agree between 3 reviewers
* 4 agree between 2 reviewers

Results

Abstract Review

We retrieved 456 references from scientific databases (Figure
1). After removing 185 duplicates and 86 references missing
an abstract, two independent reviewers (AL and EG) analyzed
atotal of 185 different abstracts, which were then classified
independently for being included or by reason for being
excluded according to pre-determined criteria. In this first
abstract review, 13 abstracts were selected by at least one of
thereviewers. Theinter-rater reliability for theraterswasfound
to be Kappa=0.73 (P<.001), 95% CI (0.662-0.792), and
considered “moderate” [21].

The 13 abstracts selected in the first round were analyzed by
two additional independent reviewers (LFand MA), who

http://www.i-jmr.org/2013/1/e6/

classified them as included or excluded using the same
pre-determined criteria. After this second abstract review, 4
references were considered for inclusion by two reviewers, 5
references by three reviewers, and 4 references by al four
reviewers. Overall, 13 abstracts that were selected by at least
two reviewers were incorporated for full text analysis.

Data Extraction

A careful review of the selected papers were performed by EG
and LF, looking for conceptsrelated to (1) quality of information
for patient education, (2) characteristics analyzed by authorsto
consider if a video had “quality”, (3) the dimensions used to
classify quality, and (4) who was involved in conducting the
classification. We also considered metadata of a video (eg,
labels, title, description) as part of the video. Recurrent topics
linked to quality of information for patient education are
summarized in Table 1.
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Table 1. Topicslinked to quality of information for patient education on YouTube.

A Bakgg Daw- FHgere FHgee Lim Good- Muru- Pandey Sgadi Sl Sy Tian Frequen-

da ed sonet doet doet e ing gighet eta and et bag [28] cy

et [10] a a a al and a [15] Gold- a et N=13

d [ 8 4 g S [ man g d n (%)

2 y [27] 14

[25]

Quality content (includes accura- g O o 0O g ad g o O O 10 (77%)
cy-credibility of content, scientif-
icaly correct information, and/or
evidence-based practices)
View count / popularity o O O o 0O g ad g g 9 (69%)
Rated by expert (medical staff) O O O O O O O 8 (62%)
Adequate length / duration ad g ad g 6 (46%)
Public ratings O O O 5 (39%)
Good description / comprehen- [ O g ad 4 (31%)
sive narrative provided
Technical quality (light, sound, o 0O o O 4 (31%)
angle, resolution)
Further contact info provided / ad g g g 4 (31%)
credentias
Suitability as a teaching tool ad ad g g 4 (31%)
Comments (by viewers) O 0 O O 4 (31%)
Title and tags g O g 3 (23%)
Amount of content / enoughin- O 3(23%)

formation to identify its objective

Viewership share (number of O O 2 (15%)
linksto the video and/or number
of shares in other social media)

Description of video g O 2 (15%)
Health professional(s) and pa O 1(8%)
tient(s) seenin video

Mention intended target audience O 1(8%)
Judgment include patients/par- O 1(8%)
ents/users

for patient education. However, these measures were not
consistently used throughout the papers, and we did not find a
uniform definition or standard on how to assess quality of videos
Overview on YouTube. In this review, we classified these measures into
3 main categories. expert-driven, popularity-driven, or
heuristic-driven.

M easuresRelated to Quality of I nformation for Patient
Education

Figure 2 summarizes sel ected measuresidentified in thisreview,
which were used for analyzing the quality of YouTube videos
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Figure 2. Examples of criteria used to judge quality of health information for patient education on YouTube.
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Expert-Driven Measures

The most frequently-used concept to assess patient education
information in avideo is the quality of its content, assessed by
experts such as health professionals, I T researchers, and other
researchers [10-15,24-28]. This concept was referred to as (1)
accuracy-credibility of content, and/or (2) scientifically correct
information, and/or (3) evidence-based practices. In 8 of 13
publications (62%), videos considered having quality
information for patient education involved assessment from an
expert, such as medical staff [10-15,26,27]. In 7 of 13
publications (54%), elements of quality information were
identified from the opinions of two or three health professionals
[10-15,26,27]. In 3 of 13 publications (23%), quality assessment
was derived from apanel of I T researchers[22-24], and in 2 of
13 publications (15%) elements were assessed by two
researchers [25,28] but their specialty was not outlined. Yet,
judgment of patients/parents/users jointly with health
professionals as quality criteria was mentioned in only one
publication (8%) [11]. No publications reported solely relying
on the judgment of patients (or consumers) to assess the quality
of information found on YouTube videosfor patient education.

Popularity-Driven Measures

The next most frequently used criteria for quality assessment
was view count (ie, number of countsthisvideo has been viewed
by userson YouTube), and was mentioned in 9 of the 13 papers
(69%) [10-13,15,22,25,26,28] . Some papers analyzed the mean
number of views per day sincethe video was posted, with means
ranging between 37 [26] and 62 [15]. Other criteria included
public ratings, considered in 5 of the 13 selected papers (39%)

http://www.i-jmr.org/2013/1/e6/

XSL-FO

RenderX
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[10,12-15,28]. Public ratings were al so assessed viathe average
rating score (0O was the lowest and 5 was the highest). Those
considered “quality videos’ had a mean of 3.1 (SD 2.1) [14],
with public ratings ranging from 3.6 to 4.7 [12]. In addition,
viewership share (number of links to the video and/or number
of sharesin other social media) was also mentioned in 2 papers
for quality assessment [13,15].

Heuristic-Driven Measures

Heuristic measures based on metadata and other attributes of a
video were also used to assess quality. For example, adequate
length or duration of the video was a frequently-used criteria
to estimate the quality of the video [13-15,25,26,28]. The mean
duration of videos considered in these papers ranged from 1:37
to 4:26 minutes [13-15,25,26,28]. Title and tags [22-24] were
aso used in 23% (3/13) of papers selected for quality
assessment. Other video concepts that were used for quality
assessment included: (1) good description or a comprehensive
narrative[22-25], (2) evidence-based practices or efficacy used
as clinical examplein video [11,13,15,26], (3) suitability as a
teaching tool [12,15,27,28], (4) technical quality (light, sound,
angle, resolution) [12,14,25,28], (5) credentials or contact
information provided in video [25-27], (6) amount of content
or the presence of enough information [22-24], and (7) ability
to identify its objective [22-24].

Discussion

Overview

Unlike medical and health information websites where it is
possible to guarantee the quality and trustworthiness of its
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contentsthrough certificates, measuring quality of health videos
on YouTube is an under-developed area, requiring much
attention. Only 13 papersfocused specifically on YouTube have
reported on quality measures of online videos for patient
education, covering a wide spectrum of 17 quality measures.

Moreover, 10 of these selected paperswere published injournals
related to health and medicine, and generally referring to chronic
conditions. We did not find any paper that reported on the
potential of YouTube for educating consumers and patients on
disease prevention, where knowledge could potentially influence
behaviors and decrease risks, such as obesity or sexually
transmitted diseases.

Key Results

There are 3 main ways that researchers used as quality
assessment measures on  YouTube: expert-driven [29],
popularity-driven [30], and heuristic-driven (based on video
metadata features) [29], where each presentsits set of problems.

Expert Judgment as Quality Measure

Related to YouTube, content rated by an expert (such asmedical
or health professional staff) isthe most frequently used criterion
for assessing quality when referring to videos focused on health
education. Infact, health and medical websitesareincreasingly
being encouraged to apply for quality certificate assessments
asproof of evidencethat they are reliable sources of information
which have been evaluated by experts [17]. However, as the
volume of onlinevideos grows exponentially (72 hours of video
uploaded every minute [1]), using only expert evaluation to
assess the quality of all videos posted on YouTube could not
represent a sustainable long-term solution.

Alternative solutions, such as using the social networking
approach, could represent a sustainable approach, taking the
advantage of collectiveintelligence to assessthe trustworthiness
of social media content on YouTube [31]. Like other areas in
public health, preventing access and production of unhealthy
material on the Internet is likely to be a more cost-effective
approach than providing treatment to those who have already
accessed harmful content. Peer reviews by the crowd, such as
online communities of patients, have been found to be able to
filter misleading and incorrect information [32]. In addition,
Fernandez-Luque et a found a correlation between the quality
of diabetes videos and social network metrics [31]. In social
networks, peers have an important role on endorsing the quality
of content via ratings and flagging harmful content. Health
consumersand content producers can be encouraged to endorse
or flag misleading content aiming at increasing the visibility of
high quality content.

Popularity as Quality Measure

Popularity is the second most frequently cited concept in
assessing quality on YouTube, often referred to as view count
and/or public ratings. Unlike the focus on the assessment of the
quality of content, which relies on human judgement and
evaluation, view count or video views per day are quantitative
measuresthat arereadily accessiblefor each video on YouTube.
However, some videos have higher view counts due to
marketing campaigns, viral effects, because the video has been
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posted for alonger period of time, or was linked from several
webpages. Users need to be aware that frequency of views may
be manipulated by parties with specific agendas to achieve its
“perceived” popularity.

Although video popularity is often used as aproxy to assessfor
quality, previousresearch has shown that online crowd influence
can potentially lead consumers to making unsafe health
decisions [7,33]. When consumers lack confidence, they have
shown to be 28.5% more likely to change their decision after
receiving online social feedback [34]. Yet, few to no studies
have systematically studied the impact of social influence
facilitated by YouTube on consumer health decisions. Similarly,
public ratings (such asthelike/didlike criteria) and inappropriate
flags can be misleading as there are examples of gruesome and
misleading videos (eg, videos promoting anorexia or featuring
gruesome amputations) that are very popular.

As YouTube becomes one of the major outletsfor organizations,
news sources, and consumers alike for channelling and
expressing their opinions and points of view [35], it is crucial
to consider the way content is disseminated and the viral nature
of the online community. The CDC has published guidelines
on how to address risks in vira situations and offered advice
to mitigate them in their context. Perhaps some of these
recommendations could also be considered in YouTube or in
other social media settings [36]. Unsolicited comments, even
from asmall number of individuals, can have detrimental effects
on the effectiveness of public health campaigns, which are often
expensive to run and costly to repair. For example, the first
review paper on human papillomavirus (HPV) vaccination on
YouTube conducted in 2008 found that most of the videos on
the HPV vaccination were positive [37]. It appearsthat negative
user comments and posts about HPV vaccine later emerged and
the majority of videos are now negative in tone, disapproving
of the HPV vaccine [35].

Other Video Features for Measuring Quality

Although researchers have used video metadata such as adequate
length of the video to assess its quality, there are no
evidence-based justifications on why these features could be
used as quality measures. These measures should be considered
as heuristicsto determine the likelihood that these videos would
be“viewed” by consumers, not as substitute for quality. Videos
with high quality content, without appropriate metadata, could
be dismissed as poor quality material. Similarly, videos with
poor educational or misleading content, but contain appropriate
metadata (such as adequate length, duration, captivating tags,
titles, technical quality, and description), may be misinterpreted
as good quality videos.

Given the exponential growth of YouTube videos, a
multi-faceted approach that utilizes a social network approach
[31], combined with expert-driven (layperson, professionals,
and organizational-endorsement) and heuristic-driven criteria,
could potentially be an ideal framework for assessing quality
on YouTube.

Limitations

Our main focus was to identify (not evaluate) the different
quality features related to the quality of information for patient
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education on YouTube, which have been reported by researchers
intheliterature. Thefocus on peer-reviewed journal papers (and
not on grey literature) in our approach was to ensure that the
literature extracted that informs our view was peer-informed
and of quality standard. We conducted a preliminary search for
other video platforms (eg, Vimeo) but did not find any
publications, thus we focused primarily and specificaly on
YouTube. Literature assessing health information on the Internet
that includes presentations presented in video format was not
considered in this review.

As YouTube is relatively new (started in 2005, athough its
popularity came quickly), there are only a handful of studies
analyzing itsquality for patient health education. Although 20%
of traffic on YouTube comes via mobile devices [30], we did
not find any published papers about quality of YouTube videos
viewed on mobile devices, or the device where videos were
watched. In fact, YouTube features are changing constantly,
and the characteristics of video quality for patient education
found in this review must be interpreted with care as new
features become available to users on YouTube.

We must emphasize that athough our search was limited to
publicationsin English, we found that one of them was written
in Brazilian Portuguese [23], and it was maintained in our
analysis. The 13 papers selected for analysisin thisreview were
published between 2009 and 2011, where authors' country of
origin were mostly from the United States [10,11,14,25-28],
Brazil [22-24], and India [13,15,26]. It must be noted that of
the 13 selected papers, 5 belonged to two research groups—3
to aBrazilian research group [22-24] and the other 2 to an Indian

Gabarron et al

research group [13,15]—raising questions on the
representativeness and generalizability of these quality measures
across different settings.

Conclusion

Our review confirms that the current topics linked to quality of
information for patient education on YouTube are unclear and
not standardized. Studies assessing quality on YouTube arefew
but emerging, with avariety of measures (such as expert-based,
popularity-based, and heuristics-based) proposed to clarify and
expand the concept of quality. Future research should investigate
thetypes of measuresthat consumersand patientswould actualy
use and/or find beneficial when assessing quality for health
purposes on social media sites.

With the role of the Internet as a socia network, typified by
growing interest in Medicine 2.0 and Health 2.0, patients and
consumers are increasingly seeking health information and
advice from online peer networks. Although YouTube has the
potential to be used for health education and health promotion
[15,38,39], as well as a platform for teaching professionalism
in the medical field [11], we must take into account that it isa
socia platform, and thus the quality of hedth-related
information, is constantly changing [27]. Further, other video
platforms are emerging, introducing new features that may
constantly challenge and redefine the criteria used to assess
quality of information for patient education. Aswe witnessthe
first steps towards patient education through the use of social
media, one needs to consider the growing safety concerns that
are also present on video-sharing platform [6,7,14], especialy
given the salient nature of online videos.
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Abstract

Background: Many countries aim to create electronic cooperational toolsin health care, but the progressis rather slow.

Objective:  The study aimed to uncover how the authoritys financing policies influence the development of electronic
cooperational tools within public health care.

Methods: An interpretative approach was used in this study. We performed 30 semistructured interviews with vendors, policy
makers, and public authorities. Additionally, we conducted an extensive documentation study and participated in 18 workshops
concerning information and communication technology (ICT) in Norwegian health care.

Results:. We found that the interorganizational communication in sectors like health care, that have undergone an independent
development of their internal information infrastructure would find it difficult to create electronic services that interconnect the
organizations because such connections would affect all interconnected organizations within the heterogenic structure. The
organizations would, to alarge extent, depend on new functionality in existing information systems. Electronic patient records
play a central role in all parts of the health care sector and therefore dependence is established to the information systems and
theirs vendors. The Norwegian government authorities, which run more than 80% of the Norwegian health care, have not taken
extraordinary steps to compensate for this dependency—the government's political philosophy is that each health care institution
should pay for further electronic patient record development. However, cooperational tools are complex due to the number of
playersinvolved and the way they areintertwined with the overall workflow. The customersare not ableto buy new functionalities
on the drawing table, whilethe electronic patient record vendors are not willing to take the economic risk in devel oping cooperational
tools. Thus, the market mechanisms in the domain are challenged. We also found that public projects that were only financed for
the first steps of project management could partially explain why many initiatives did not get past the initial planning and
specification stages, but were stopped before further devel opment could be made. Vendorswere often unwilling to provide further
own contribution without guaranteed return.

Conclusions: We propose that the authorities take a coordinating role and provide financial help for development of electronic
cooperationa tools for health because the regular market mechanisms are insufficient to push these devel opments to the market.
It is, however, critical that the role of users be considered, and for users to decide which developments should go forward.

(Interact I Med Res 2013;2(1):€9) doi:10.2196/ijmr.2346
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Introduction

Overview

Many studies of health care information systems have taken
place [1], focusing on the successes, failures, and application
of such systemswithout calling attention to the processthat led
to the design of the system. In this paper “information systems’
are defined as a combination of hardware, software,
infrastructure, and trained personnel organized to facilitate
planning, control, coordination, and decision making in an
organization. We believe that the development process (from
the idea to the completed, implemented system) and the
incentives that contribute to making innovations are aso
important components of information systems that should be
understood in addition to the systems' functions. This paper
focuses on issues in the development of electronic cooperation
tools/services that alow different health care organizations ,
such as hospitals, general practitioners, and home care services,
to cooperate electronically when patient information is stored
inseveral organizations. Referrals, x-ray pictures, prescriptions,
discharge letter, and laboratory requisition are examples of
information entitiesthat could be exchanged electronically and
thus create new ways of cooperation. Our case was drawn from
Norwegian health care, but we believe that our analysis can be
applied to other countriesand sectors. We examined the position
of the vendors and customers in the health care market and the
role that Norwegian authorities' financing policies play in the
development of electronic cooperation tools for health care
organizations.

To better understand authorities strategies concerning
information and communication technology (ICT) issues in
health care, we described the philosophy behind neo-liberalism,
the widespread political philosophy driving most policy
decisions in Western countries today. Further, we outlined the
use of ICT in health care and how these health care institutions
have built separate information infrastructures. The
characteristics of such infrastructures are explained in this paper
using the Information Infrastructure Theory and elaborated with
our research methods. We began with a description of the
Norwegian health care sector and its level of ICT adoption,
followed by two case descriptions, and finaly explained the
vendors', health care users’, and authorities' perspectives. In
the discussion, we analyzed the market within information
systemsin health care and how the authorities’ financing model
effects the development of cooperational electronic tools. A
conclusion and recommendations rounds off the paper.

Health Care Spending, Political Philosophy, and Trade
Regulations

Statisticsfrom the Organization for Economic Cooperation and
Development showed that 34 countries that reported to the
organization spent, on average, 5.8% of their Gross Domestic
Product on public health in 2007 [2]. Public expenditures on
health measured as a percentage of total health expenditures
ranged from 45% (eg, in the United States) up to more than
80% (eg, in the Scandinavian countries) [3]. Theway that health
careisorganized and financed is often acentral issuein election
campaigns in democratic countries. As a result, improved
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electronic cooperation and integration of the health care sector
has become an essential part of authorities' strategiesin Western
countries [4-6]. Strategies for streamlining health care have
differed among Western countries, due to the differing waysin
which health careis organized and differing approachesto ICT
development in health care. It is however, usual that ICT in
health care is developed and maintained by private players,
representing a vendor category that is not a part of the public
ownership [7]. In order to analyze the elements that influence
these varying approaches to ICT in health care, we will first
shed light on the dominant political philosophy in Western states
today—namely, neo-liberalism [8].

Neo-liberalism is a set of economic policies that have become
widespread during the last 25 years. The American economist
Milton Friedman is widely known for laying the foundation of
neo-liberal [9]. The term “neo-liberalism” is comprised of two
root words, “ne0” meaning new and “liberal” meaning free from
authorities' intervention. Neo-liberalismis characterized by the
desire to intensify and expand the market by increasing the
number, frequency, repeatability, and formalization of
transactions[10]. To obtain this outcome, the market should be
based on the free flow of services, goods, manpower, and
capital. Friedman maintained that free markets create the best
conditions for democracy; when people have power over their
own economic choices, they will acquire power over those who
exercise state authority. The existence of free and autonomous
individuals and organizations and a strong private sector with
only limited state interference is key to neo-liberalism.
Neo-liberalism justifiesthe limitation of authorities intervention
in the market by maintaining that markets are complex and
unpredictable, thus making it impossible for the state alone to
provide regulatory authority [10].

Political action in a neo-liberal government aims to maintain
order and security and construct frameworks to shape society.
Public properties and services should be run based on market
economic principles. Reforms based on this principle have been
advanced according to the principle of indirect governance. This
meansthat autonomous organi zations have to find waysto adjust
their practices in accordance with political expectations. For
instance, a public hospital can receive income in the form of
grants based on the number of patients it treats. Thus, public
hospitals strive to manage themselves effectively and attract
patients (or consumers in market economic terms).

Neo-liberal reforms contain two aspects, privatization and
market mechanismswithin the public sector [11-13]. Neo-libera
reforms in Norway are characterized mainly by atrend to use
market mechanisms within the public sector rather than
privatization [12]. This implies devolution of public
organizations and tasks to be run by strengthened efficiency
goals at the lowest efficiency level: aNew Public Management
structure. This favors a decentralized and fragmented system
with narrow business goals.

Central aspects of neo-liberal reformsin Norway are generally
split between ownership and management, and between
infrastructure and management [11]. When public ownership
ispreserved, management islocated to autonomousinstitutions
within the public sector, but with business efficiency goals
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within a narrower local organizationa rationality. This means
that central steering is weakened in the sense that the distance
between political leadership and implementing unit is longer,
and the steering concerns more frames than concrete targets.
The neo-liberal concept presupposes that this kind of reform
makes the whole system more rational and efficient. But it is
doubtful if the sum of local efficiency results in fact actively
adds up to an improved total efficiency at a higher level.

In the literature of public management reform in a neo-liberal
perspective, a distinction between different kinds of reform
effects is defined, for instance between operational, process,
and system effects [14]. Operational effects may be efficiency
and productivity. Process effects include service quality,
customer satisfaction, administrative culture etc. System effects
mean capacity of the political-administrative system, such as
coordination and innovation.

This means that if operational effects are strengthened in a
narrow sense, as more weight on business and efficiency goals
to make the singlelocal unit more sustainable, other effectsare
weakened, as customer satisfaction (process effects) and
coordination and innovation (system effects, see also [11,12]).
The reforms may change towards a single-purpose orientation
and weaken a multi-purpose orientation. A multi-purpose
orientation more easily includes interests and goals which are
not strictly in line with the main purpose of the organization,
while the single-purpose orientation generates the opposite
effect.

The basic idea in neo-liberalism concerning free flow of
services, goods, manpower, and capital is usually not absolute.
In practice, several countries cooperate and create internal
marketswherethisfree flow principlefunctions. Comprehensive
negotiations result in detailed agreements about trade practices
within the internal market and between the internal market and
the rest of the market. Regulations and threats of sanctions
position the trading bodies as significant players. The European
Economic Area (EEA) [15] with its European Free Trade
Association (EFTA) Court [16] isa prime example.

Dueto the trade agreementsthat exist in an internal market such
as the EEA, customers and vendors have to act within the
legidlative framework. For instance, if a public organization
wants to buy a product, service, or software, anational request
for tenders must be extended when the investment exceeds
60,000 euros, and arequest for tenders must be extended to the
entire internal European market when the investment exceeds
120,000 euros. Rigid regulations control the whole transaction
process between vendors and customers from announcement to
signed contract. Thusthe regulation itself becomesan obligatory
passage point [17]. The tender legislation isintended to ensure
the effective use of public funds through cost-effective
purchasing, and encourage the development of competitive
business.

Information Infrastructurein Health Care

In health care, the patient record is the key tool for many
activities, both medical and mercantile. From a medica
perspective, the health care provider needs to record relevant
information about the patients and is obliged to document
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diagnoses, interventions, and planned procedures. Similarly,
the patient record containsinformation fundamental to logistics,
billing, and statistics, which in turn plays a critical role in
planning, financial management, and control. The potential for
ICT to integrate all this information into a single record has
proven highly attractive to policy-makers, promising to improve
quality and cut costs, and providing a technological fix to the
structural crises of exponentially increasing demand and limited
public funding that face most public sector health systems[7].
Several commercial vendors provide electronic patient records.
According to Porter [18], good competitors and customers are
the key to success for any company in any industry.

Health care ingtitutions have built infrastructures that support
their local activity and are typically present in the specter from
big hospitals to general practitioners offices [19,20].
Transforming cooperation routines between such institutions
from, for instance telephone or letters sent by post over to
electronic services, require attention to the fundamentally
composite nature of these practices. Electronic services must
play along with all of the people, processes, procedures, tools,
facilities, and technology, which exists in the involved
institutions and must be able to support the creation, use,
transport, storage, and destruction of information.

Information Infrastructure Theory

To analyzetopics concerning electronic cooperation in the health
care context, wereferred to theinformation infrastructure theory
which Hanseth and Lyytinen [21] defined asashared, evolving,
heterogeneous installed base of information technology
capabilities among a set of user communities based on open
and/or standardized interfaces. Such an information
infrastructure, when appropriated by a community of users,
offer a shared resource for delivering and using information
services in a (set of) community [21]. In the definition, three
elements are especially important to highlight:

1. Evolving: Information infrastructures are not “stagnant”,
but evolves continually, in response to innovation. This
means that a cooperation service will be an expansion of
the existing infrastructure. Radically, changes cannot occur
in asingle instance, but this change will occur over time.

2. Heterogeneous: Infrastructures consist of different elements,
such as technology, users, and organizations, in large
networks. A cooperation tool will therefore require more
than just the technological component. The heterogeneity
isextraordinary within health care. For instance the number
of related professions and hedth care users is
overwhelming.

3. Installed base of information, systems, artifacts, practices,
and organizational structures are seldomly created from
scratch but are expansions of existing bases. Health care
has existed for a very long time and during this time the
installed base has grown. The installed base existsin each
health care unit and within clusters of health care units
(where a unit is defined as an organization, department, or
office).

Creating cooperational services in health care can address the
issues highlighted by the information infrastructure theory. In
fact, developers of cooperational electronic services attempt to
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interconnect infrastructuresthat are established and have evolved
for years

Contribution and Research Question

The study contributes with empirical insight into the
development of electronic cooperation toolsin health care. Our
paper tries to combine two domains that are rarely combined,
namely political philosophy and “ down to earth” aspectswithin
information systems. We elaborate on how development of
cooperational services put both the vendors and customersin a
difficult situation and we al so point out that the neo-liberalistic
policy do not give the authorities the toolsthey need to stimulate
the process. Given this knowledge, we address the following
research question: How does the Norwegian authorities
financing policy influence the development of electronic
cooperational tools within health care?

Methods

The research questions that we wanted to answer during this
study, were "how” questions within a complex area. A
qualitative approach was recommended by Yin [22], while an
interpretative method [23] could be used to get a better
understanding of the mechanisms influencing the development
of electronic cooperation tools in the health care sector. The
empirical material for this study was gathered through a
longitudinal process, starting in 2004 and continues today in
Norway. Over this period of time, the first author has collected
empirical knowledge from a number of information sources,
including 30 semi-structured interviews of 60-180 minuteswith
vendors, policy makers, and public authorities, 18 workshops
concerning ICT in Norwegian health care, strategic documents
and evaluation reportsfor ICT in Norwegian health carefor the
period 1997 onwards, project documentation of 4 national ICT
hedlth care projects, parlament minutes, speechesby the Minister
of Health, management documentsfrom the Ministry of Health,
and meetings minutes between the Ministry of Health and
Regional Health Authorities.

The analysis of the collected material was based onthe principle
within the hermeneutic to understand the totality of the object
to interpret based on sections and a section based on the totality
[24]. The hermeneutic circle entails a continuous fluctuation
and shift in understanding between sections and the totality.
Every section relates to other sections and to the totality, and
the section becomes different after we have perceived something
inanew way. Thetotality of the object to interpret also changes
when sections acquire new meaning. What seemed to be the
reason for the slow progress within development of
cooperational tools turned out to be something completely
different when we analyzed our material throughout the
hermeneutic circle.

Theinformation from theinterviewsweretranscribed and sorted
into themes. By combining all informational elements, it was
possible to understand the viewpoints of the different players
and how these viewpoints have affected progress in the field.
The perspectives of the users (health care personnel that usethe
information systems), electronic patient record vendors, and
authorities are presented in the form of asynthesis statement in
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the case description in order to help visualize the complex
situation.

Due to the long timescale of this study, important events were
placed in atimetable in order to understand the context of the
different events and how they have interfered with each other.
These events are for instance, reorganization of hospital sector,
introduction of new legidations, and publication of new political
strategies.

The first author was formerly a project member in the Core
Health Record project that failed and terminated in 2009. This
insider background [25] has given her valuable insight into the
processes in question. It also alowed for privileged
appointments and contact with key players in conducting this
research.

The second author wasinvolved in several research projectson
public innovation and policy reforms and has acted as a
discussion partner with the first author throughout the study.

Results

Cooperational ICT in Norwegian Health Care

Thefollowing section explainsthe basic structure of health care
in Norway and the adoption of ICT in the sector. Then, we
present issues concerning service development in the domain
and explain how two public projects were run. Finally, we
present how the users (health care personnel), electronic patient
record vendors, and authorities experience the climate for
developing new services.

Health Care Structure

Themain playersin clinical health carein Norway are hospitals,
genera practitioners, home care services, and nursing homes.
This structure has been stable for several decades. The sector
ismainly public, but subject to various ownership and funding
structures. General practitioners run private offices, as public
funds are strictly regulated by the government. Most general
practitioners have been using electronic patient records since
the 1990s. Homecare services and nursing homes are run by
municipalities, receiving funding from local authorities. The
municipal sector slowly began to use electronic patient records
for their patients in the 1990s, first for administrative purposes
and then for statistical purposes. In 2002, areform transferred
the responsibility for Norwegian hospitals from the counties to
4 regional health authorities, centralizing ownership under the
Ministry of Health. The reform was intended to make the
hospitals more efficient by introducing a business-modeled
framework of political control. The reform also set up new
management principlesfor the hospitals based on adecentralized
enterprise model. Lack of internally integrated ICT systemsin
the hospitals was accompanied by alack of all kinds of other
electronic communications such as communication between
different hospitals, between general practitioners and hospitals,
between the municipality and the hospitals, and so on. The need
for communication extended to all levels of the health care
system, including authorities (in cases dealing with refunds,
applications, submission of statistics, etc).
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Service Development

The Norwegian authoritieshad outlined clear strategiesfor ICT
in the health care sector as early as 1997. “ Seamless electronic
cooperation” was stressed in all strategy documents published
by the Ministry of Health. After 2000, electronic referrals,
discharge letters, x-ray photos, and other records were sent
within the Norwegian health care sector, but the scale of this

Larsen & Mydske

€lectronic communication waslimited compared to expectations.
The authorities supported some development activities but did
not coordinate them. Over the last few years the Directorate of
Health has taken charge of an increasing number of national
ICT projects. Three big projects have already started. The
following table gives a short introduction to some of the public
projects underway in Norway recent years.

Table 1. Public projects underway in Norway since 2005.

Project Cost Project owner Time and status Goa Characteristics
(million euros)
ePrescription First 60 Directorate of 2005-2008 establish electronic There were many players. One
version. Hedth pilot terminated in 2008 ~ transmissionof prescrip- - electronic patient record vendor
Failed tions participated. The vendor received
a 30% funding.
ePrescription Sec- 15 Directorate of 2008-2011 establish electronic Two electronic patient record
ond version Hedth ran pilotsin 2010 transmission of prescrip-  vendors participated. The vendors
tions received 100% funding.
about to be rolled out
Core Hedth Record 3 Trondheim City 2005-2009 createapatient summa-  There were many players. Strug-
Council project terminated before 7Y availableontheNor- gled to involve electronic patient
any kind of testing wegian Health Net record vendors due to vague re-
quirements. Struggled to get some
funding to the electronic patient
record vendors.
Elin-K 2 Norwegian Nurses 2005-2011 establish electronic There were many players. About
Organization most planned functions communication be- 8 electronic patient record vendors
have been established  tween Home Care Ser-  were involved. The vendors re-
delaved a vicesand generd practi- ceived about 30 % funding. Con-
ayed severdl years tioners sand hospitals  tinuing project management.
Core Health Record >15 Directorate of 2009-ongoing cresteapatient summa  There were many players. Avoid-
Health ry availableontheNor- ing electronic patient record ven-

prestigious project initiat-

wegian Health Net

dors. Functionality based on ePre-

ed on political level

scription.

Development Processes

In order to describe the problems encountered by a typical
project creating an interorgani zational service, we describetwo
project processes. These are the Core Health Record project
owned by Trondheim City Council and ePrescription owned by
the Directorate of Health. The description focuson 4 issues: (1)
The health care needs, (2) project financing, (3) chalenging
work with regquirement specifications, and (4) dependence on
electronic patient record vendors.

Core Health Record

In the Trondheim municipality, their professionalsin the home
care service struggled to gain updated information about the
medicine that their nurses were administering to their clients,
and the city council applied for funding to run aproject creating
a Core Health Record with the purpose of reducing adverse
medicine events and contribute to better resource use in health
care sector. Theaim wasto create acooperational tool that both
the general practitioners and the home care service could use.
They got 650,000 eurosin founding funds from the Directorate
of Health. However, the funding was only for project planning
and project management. It did not include funding to any
vendor or the users which would do the pilot testing.

http://www.i-jmr.org/2013/1/€9/

The general practitioners are those who are
responsible for our clients medication as long as
they are not hospitalized, and our Core Health Record
will show the medication that the general
practitioners have in their system, together with new
prescriptionsthat other physicians, inthe hospital or
at the emergency service, have prescribed. Inthisway
our nurses will know what kind of medicine the
patients should have. [Project manager]

The project group considered it peremptory to integrate the Core
Health Record with the electronic patient records both in the
Home Care Sector and the general practitioners’. This was
critical to make a user-friendly service and the general
practitioners electronic patient record system should be the
most significant information source for Core Health Record.

From atechnical point of view, the Core Health Record service
should consist of two major elements: (1) adatabase containing
the Core Health Records, and (2) read/write functionalities in
the electronic patient recordsin Home Care Sector and general
practitioners . Trondheim City put out a limited tender and
bought the database based on pre-specified requirements.
Basically, the project team wanted to include as few electronic
patient record vendors as possible, but felt obligated to include
all the 9 vendors, and to produce a national solution, because
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funding from Innovation Norway (a public business funding
organization) would otherwise be unavailable. However, the
electronic patient record vendors wanted to have national
specifications on such a service to reduce risk. After applying
for more than one year, the project managed to receive funding
to cover some of the vendors' expenses from integration work.

User workshops and technical workshops were arranged and
specifications were further developed. The project was
administered by well-trained managers, but due to the
complexity in the specification work, experts from Norwegian
Centre for Informaticsin Health and Social Care were hired to
run the process. The specification work concerning integration
with the electronic patent record was a difficult task and the
electronic patient record vendors did not find the specifications
suitable.

It is not possible to start some kind of development
based on the specifications—we must rewrite the
whole damn thing. It is on such a theoretical level
that all of it needs to be explained in a practical
frame. [Electronic patient record vendor]

None of the electronic patient record vendors started to make
integrationsin their systemsfor the Core Health Record because
of the poor user specifications that was made and they were not
willing to take the economic risk by devel oping the Core Health
Record functionality.

| can’t imagine that our doctors will pay anything
extra for the Core Health Record. [Electronic patient
record vendor]

Without any effort from the electronic patient record vendors,
the project made no progress and was terminated in 2009
without achieving any testing.

ePrescription

In 2004, the Ministry of Health initiated a project called
ePrescription (ie, e ectronic prescriptions). The most important
argument for this was a regulation that instructed the National
I nsurance Administration to document all prescriptions handled
by the pharmacies. However, implementing electronic
prescriptions was also expected to provide benefits for
pharmacies, which could handle prescriptions faster and with
fewer errors. The doctors saw the potential for decision support,
improved quality, and less time spent on writing prescriptions.
The patients could have their prescription distributed to any
pharmacy, and the authorities could distribute changes to
regulations more efficiently. The project was to be completed
in 2009.

The following groups were included in the project: Norwegian
Pharmacist’s Union, National Insurance Administration (NIA),
Norwegian Medical Association (representing physicians), and
Norwegian Medicines Agency (NMA), which concerns all
information concerning medicine in Norway. The project was
managed by the Directorate of Health.

The ePrescription project was established with funding valuing
30 million euros from the parliament. From the outset, the
funding for this project was not intended to help fund the
electronic patient record vendors in integrating the electronic
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prescription functionality into the electronic patient record or
to help fund pilot users.

The authorities wanted an electronic prescription system to
document the use of medicine and control the public financing
aspect of medicine distribution. In the beginning of the project,
the management targeted its efforts toward this end. However,
the physicians' representative was dissatisfied with the system
that had been outlined, as the physicians perspectives were
lacking. The system did not allow for support during the
prescription phase, such as interaction control and product
information. The physiciansarevital in the prescription process.
Without their goodwill, prescriptions would probably still be
in a paper-based format, and this would have undermined the
concept of substantial electronic cooperation concerning
prescriptions.

Another problem was that the 3 vendors of the hospital-based
electronic patient records demanded better requirement
specifications before agreeing to develop any measure. As a
result, the project initiated with working groupsin the hospitals
developing user requirements for hospitals. It was difficult to
launch an initiative and recruit volunteers in large institutions
like hospitals, and about 2 years passed before the working
group was able to deliver.

Due to the slow progress in hospital sector, only one of the
electronic patient record vendors in this sector developed an
electronic prescription functionality. The project funding was
able to offer the vendor 175,000 euros, which was about 0.6%
of the total project budget. The remaining two vendors were
not ableto participate because they had recently introduced new
electronic patient record systems that needed a great dea of
attention and personnel in the devel opment department.

The specification process took place with much involvement
from doctors in the form of interviews, meetings, and
workshops. The electronic patient record vendor participated
in much of thiswork. During this process, the specification was
ambiguous and was changed extensively.

The technical specification of the message we were
supposed to get fromthe Norwegian Medicine Agency
was only ten percent OK when we started
developing...They had defined classes and stuff that
they wanted to use in the message but the message
itself was not defined. And there were a lot of changes
in the class structure afterwards. [Electronic patient
record vendor]

The Norwegian standardi zati on organi zation, Norwegian Centre
for Informatics in Health and Social Care, was included in the
project in order to guide the vendors, yet, agreat deal of testing
and error detection was necessary in order to communicate
seamlessly between the players. The workload necessary for
establishing communication between the electronic patient
record and the rest of the players, was very time-consuming,
several times greater than initially expected.

A pilot test was launched by the Minister of Health in a small
municipality in Norway in May 2008. The electronic patient
record vendor insisted that it should be postponed for a few
months, but this was refused.
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Those who manage the [ePrescription] project have
obviously decided to keep it on schedule, and thisis
said in such a way that you understand that there is
alot of prestigein the project—asif thereis somebody
who will rap them over the knuckles if they don't.
[Profiled health player]

The electronic patient record system that was integrated with
ePrescription was a completely new system, but unfortunately
the vendor had not had timeto test it sufficiently in-house. The
ePrescription wasinstalled just afew days after the installation
of the new electronic patient record. This caused even more
trouble for the pilot users, who received too much experimental
softwareto test in abusy working day. Asaresult, the combined
functionality offered to users was not good enough and was
characterized as a “living hell” in the Norwegian media. The
pilot was aborted after only 3 months. A pilot user claimed to
have lost a considerable amount of income during the pilot
testing. The multi-million top-managed project was about to
cometo acomplete stop. In order to make it more tempting for
the two remaining electronic patient record vendors in the
general practioner market, they got funding from the authorities
that nearly matched their commitment costs. This funding was
however, considered as extraordinary and do not represent a
new practice.

A new version of the ePrescription was developed and tested
in general practitioners’ officesin apilot 2 years after the first
test, this time with much more successful outcome.

The service started running as a regular service throughout
Norway in 2013, however the hospital sector isstill not included.

Per spectives

Overview

We will now zoom in on 3 player groups that play significant
rolesin the case at hand and explain separately the experience
of the 3 groups on the current situation. The 3 player groups
are electronic patient record vendors, electronic patient record
users, and authorities. Their perspectives provide insight to
explain why the players act as they do.

Electronic Patient Record Vendors' Perspective

The vendors run acommercial enterprise, that means that they
need to make some money in order to survive and hopefully
give their owners some income on the investment made in the
company. If they are not capable of that, they cannot stay in
this business. All their development efforts are based on the
needs of their customers who pay for their productsin form of
ayearly license and support services.

Our customers are our most important partners and
we hope to keep them happy with our product,
ensuring that they do not change suppliers. The
challenge of dealing with our customersis that they
do not speak with one voice—the wish liststhey come
up with are infinite and they prioritize their wishes
differently. We prioritize improvements by
compromising between the number of customersthat
want a specific improvement, the priority of this
improvement among the customers, and the effort
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required to develop the improvement. However, the
most challenging lists of improvements we get arethe
onesthat come fromthe authorities every year. These
lists influence the electronic patient record
dramatically. [Electronic patient record vendor]

The authorities use information in the electronic patient record
for two reasons. First, they use thisinformation as the basisfor
payments to hospitals and general practitioners. Second, they
areinterested inavariety of statistics, and the el ectronic patient
record is a natural source of that kind of information. The
vendors are required to comply with the list of demands from
the authorities. For instance, health careinstitutions are obliged
to send a certain amount of information when they send an
electronic medical certificate to the authorities. Every time the
authorities make a change in the information required, the
electronic patient record system must be changed in order to
fetch or assemble the necessary information. The vendor’'s
estimations indicate that complying with the requirements
advanced by the authorities takes up about 30 percent of their
development resources. In addition to requirements from the
authorities and orders and requests from their customers, the
vendors get regular requests from a number of projects in
Norway. These projects, most of them public, include many
good ideas about new services they want to create in the health
care sector. As soon as these planned services include some
kind of patient information, the electronic patient record
becomes a necessary communication object. However, those
with the good ideas about new services seldom or never have
any money to pay the el ectronic patient record vendorsin order
to integrate the service they want to create.

We experience this all the time! WelI, it is one
exception—when the pilot of the first version of
ePrescription failed, we got an invitation to
participate in the next version and this time we were
promised good payment and offered a bonus payment
if development was completed before a fixed date. |
believe that the Directorate of Health had a bit panic
due to the fiasco in the first version. However, the
normal situation is that the authorities pay a lot of
money to consultants and project groups to run the
projects, but they do not pay those who are going to
turntheidea into areality. | find it strange. | wonder
how many kilos of paper are produced without
achieving any kind of implementation. [Electronic
patient record vendor]

Another problem the vendors have experienced with public
projectsis that they come up with specifications/requirements
that are either too vague or quite specific. The vendors have to
work extensively with these projectsin order to understand what
they actually mean by their specification. Even once they get
an understandable specification, it is often not possible to
implement it in the electronic patient record becauseit does not
fit with the users’ workflow. What appears to be an easy job
often turns out to be complex and difficult. The vendors have
also experienced that theinitiatives from different public project
groups seem not to be coordinated. The requirements are often
so interwoven that they cannot be treated separately.
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| wish that the authorities could coordinate their
health care development efforts. [Electronic patient
record vendor]

Users' Perspective (Usersin Terms of Health Care
Personnel)

In health care, the el ectronic patient record isthe most important
ICT tool in use. Almost al information flow between different
health organi zations concerns patients. Because the health care
system is divided into levels, the patients are moved between
the levels depending on what kind of health care they receive.
Moving patients include of cause moving patient information.
This is stored in the electronic patient record, and a seamless
electronic information flow is thereby an integral part of the
electronic patient record system. The health care sector has
become very dependent of this record because it contains
enormous amounts of patient information and iswoveninto the
work practice. Replace the el ectronic patient record is considered
to be ahugetask. Even general practitionersthink twice before
changing €l ectronic patient records because of the considerable
amount of work required to transfer the most important
information from the old system to the new one and additionally,
and a new system requires a new workflow.

Today, patient information is shared between different health
careinstitutions on paper or in more “innovative” ways. X-ray
photos are, for instance, transported in taxies between hospitals
in some places in Norway. Health care personnel would like to
have electronic seamless communication because they would
avoid alot of manual typing of information between the systems
and could have a more efficient and safe exchange of patient
information.

Creating new services between health organizations
is very difficult task! | know—because | have been
part of a group that pre-specified a new service and
I must say | felt stupid. It is one thing to discuss how
a new service or function should work in
principle—but it is very difficult to imagine how it
will meld together with the rest of the system. The
final specification must be done during real testing,
because we do not see the range of the new system
beforewetest it in our setting. [Health care personnel]

There are alot of public projects going on, but the health care
institutions must limit their involvement, because their patients
are their first priority both in terms of ethical and economic
issues. They understand that some of the services that are on
the drawing table are so complex that it will takes years and
years before they see any real results. In that case they find it
difficult to get involved.

| think that the first time | heard that we were
supposed to have electronic prescriptions was more
than eight years ago. This service has recently been
tested at full scale. It took years and years even
though the project was run by the Directorate of
Health. Our electronic patient record vendor devoted
all their developers for more than a year just to
complete the electronic prescription functionality. It
was impossible to discuss anything other than
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prescriptions during that year!
personnel]
Developing new electronic services has al so another important

element, and that is the pilot testing. Health care personnel
express that it costs blood, sweat, and tears to be a pilot user.

[Hedth care

| would prefer not to think about how many hourswe
have spent during the test period we participated in.
You must be mad to say “yes’ to tests and
experiments like these. The organizations that join
thiskind of test will experience dropsin productivity,
that's for sure. [Health care personnel]

Health careinstitutionsthat have high efficiency find it difficult
to participatein pilot testing, which isironic because they should
absolutely influence the ICT tools that they use every day.

My impression is that the developers do not
understand how we work in practice, so you can't
expect them to create something useful without our
involvement. | have been in direct contact with the
developer at our electronic patient record vendor,
and | can really recommend that kind of cooperation.
It is during the testing of the new functionalities that
you really understand how it integrates with your
work. [Health care personnel]

Authorities’ Perspective

The Norwegian authorities have worked intensively to create
effective ICT for the health care sector and their strategy plans
have been published regularly since late nineties. During the
first years, they drew up the goals and tried to influence the
sector by supplying it with arange of financing and allocated
funds of diverse categories. Municipalities and others were
encouraged to apply for these funds. The money has mainly
been channel ed through two organizations. Innovation Norway
and the Directorate of Health. Innovation Norway is the
Norwegian Government's most important instrument for the
innovation and development of Norwegian enterprises and
industry. The Directorate of Health is responsible for ensuring
that policies are implemented in the health care sector, and they
administer some money that isintended to stimulate electronic
cooperation in the sector. Thiskind of funding has been largely
based on competition, but some national projects have been
able to include al the electronic patient record vendors (for
generd practitioners, municipalities, and hospitals) with funding
from Innovation Norway. Theideaisthat the product (applying
a function in an existing application) should be attractive to
usersand will createincomein form of new salesand increased
license income.

We are not willing to pay the electronic patient record
vendors to make them develop functionality. The
authorities should not be a partner in such trading.
[Member of the Ministry of Health]

Degspite the various initiatives, the development within ICT in
health care generally happens extremely slowly. Based on the
evaluations that have been carried out during the last 10 years,
it isclear that the health care sector do not often reach the goals
set within electronic cooperation in the sector and still have yet
to meet goal sthat were set many yearsago. Dueto thisconcern,
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the authorities have decided to take charge of more of the
ongoing work. The electronic prescription project was the first
project that was managed from the directorate level, and there
are more to come. These projects that are established in the
directorate but still require approval from the government, so
it is politicians that finally determine the commissioning of
these projects. Norwegian Health Care Authorities do not have
any unrestricted fundsthat the health care as one compl ete sector
can spend on ICT development.

From the authorities' perspective, it looks like the electronic
patient record vendors are the weak point in the chain, because
all the projects that involved electronic patient record vendors
were delayed.

We have in fact decided that a new service, the Core
Health Record, should not be integrated with the
electronic patient record in the initial versions. We
cannot rely on the electronic patient record vendors
becausethat will delay our goal of having a new Core
Health Record within a few years. We do know that
the clinicians will prefer, or even demand, to have
the service integrated with their electronic patient
records, but for the meantime we plan to avoid this
problem area. [Member of the Directorate of Health]

The authorities believe that the users of the cooperational tools
must play the leading role by defining for their vendors how
their information systems should work. It is also expressed by
the authorities that the users of the systems should pay for the
development of new functionalities.

If wejust pay the vendors, they will not feel committed
to the product they deliver. They will just develop it
and leave it, without taking any kind of ongoing
responsibility. If the vendors risk a great deal of
equity capital, then | believe they will put a lot of
effort into the product they are making, which will
become attractive for their customers. There are so
many vendors that the authorities cannot pay them
all. [Member of the Directorate of Health]

Moreover, the authorities must follow the international trading
regulationsin public procurement.

Discussion

Overview

In the following section we will elaborate on how the
authorities' financing policies have affected the devel opment
process of information systemsin the health caredomain. First,
we describe the unique position of the el ectronic patient record
in health care. Second, we show how new legislations and big
projects run by the authorities shift the focus away from the
development of userswishlist. Third, we describe the difficulty
of navigating the customer/vendor relationship in the
development of cooperational tools. Finally we summarize the
effect of neo-liberalism within the focused topic.
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TheElectronic Patient Record: an |tem That DoesNot
“Flow Fredy”

The core idea driving the neo-liberalism is that vendors will
create a diversity of products and will struggle to satisfy the
market. In this way, the market will expand and the customers
will be able to choose their preferred goods at any time. In the
following section, wewill explain why it is so difficult to equate
information systems to any ordinary consumer product, thus
presenting a challenge to market mechanisms.

In our study, we found that private companies develop and sell
the most essential information systems in health care, namely
the electronic patient records. Design issues are of concern
between vendors and their customers [18]. The vendors spend
a lot of resources in shaping the electronic patient records
according to their customers' requests, and new versions are
released regularly. The electronic patient record isafundamental
part of theinformation infrastructurein health careinstitutions.
Replacing such a system is resource-intensive because of its
heterogeneity [21]. It contains an enormous amount of dataand
is intertwined with working methods. Changing the electronic
patient record in a hospital is a process with significant costs
that normally takes years to complete, due to the necessity of
transforming data from old to new systems and the
organizational changes that the new system may cause [26].
The flow of interorganizational information in health care is
mainly concerning patients. Since each institution has an
electronic patient record, exchanging patient information has
to be integrated with each record system. Otherwise, this will
require extra work to manually transform data into the record
system. Developing a new service between two or more levels
in health care will, according to Information Infrastructure
Theory, imply a pairing of two (or more) information
infrastructures, which further implies that the heterogenic
structure in all organizations are affected. This includes all
electronic patient record vendors that deliver the systems and
all the system usersin all organizations involved.

Dueto language issues, country-specific regulations, and health
care structure, the electronic patient record is a product that is
tailored to meet each country’s specifications.

Within health care this means that (1) the electronic patient
record is an item that customers seldom replace, (2) the
electronic patient record is an obligatory passage point when it
comes to the interchange of patient information, and (3)
electronic patient record vendors act as gatekeepers in the
development of electronic cooperation within health care
systems.

Our findings may however be transformed into other domain
than the health care sector. Electronic cooperation between
organizations that have undergone independent devel opment
of their internal information infrastructure will most certain
meet the same challenges that the health care sector has. Such
critical information systems, like the electronic patient record,
and their vendors will hold a unique position.
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I nterference From the Authorities: Clinical I ssuesL ose
Priority

Neo-liberalism emphasizes that customers are powerful market
players and declares that the authorities should not regul ate the
market because it is complex and unpredictable. We will now
show how Norwegian authorities interfere with the electronic
patient record market in such a way that customers' requests
are given lower priority.

Electronic patient record vendors are regular commercial players
that must profit to survive. Income is aways one of the most
important goals for a commercia player. Corporate board
members will not accept recurring weak annual profits. Thus,
electronic patient record vendors must balance payouts in
relation to the effort they put into development, both over the
short and long term. The long time frame refers mainly to the
receipt of license revenues from their customers. Making a
product that keeps old customers and attracts new onestherefore
becomes crucial. The development department is staffed with
the number of developers that the company’s income justifies
and the number is kept stable. The wish list concerning
improvements of electronic patient recordsis, at any moment,
always much longer than the development department can deal
with, and it is always a matter of priority. Authorities
interference in the relationships between electronic patient
record vendors and their customers has consegquences for
electronic patient record development—both in terms of
functionality and priority. We found that the authorities have
two powerful ways of influencing development of electronic
patient record, through regulations and through funding.
Through regulations, the vendor contractswith their health care
customers obliges them to change the electronic patient record
system according to any new regulations introduced by the
authorities. Most of the newly adopted regulations are a result
of economic and/or statistics concerns. Thus, the vendors have
devel opers constantly working on regulatory complianceissues.
Through funding, the authorities can buy the functionalitiesthat
they prioritize by contracting vendors, as in the second version
of ePrescription, for example. Depending on the degree of
funding, the electronic patient record vendorswill prioritizethe
order from the authorities over thewish lists of their customers.
The wish list will not disappear while working on well-paid
orders from the authorities. In our case we found that the
electronic patient record vendors spent more than a year
producing the functionality that such an order demanded. Asa
result, thewish listsfrom their customers containing more basic
functionalities were put on hold.

From the Norwegian health care case, we can suggest a more
general result. When the authorities use regul ations or well-paid
assignmentsto interfere with information system devel opment,
the vendors' attention is drawn to the authorities’ requests at
the expense of the customers requests. By doing so, the
authoritiesinterfere with a complex market and act contrary to
the neo-liberal philosophy, which further impliesthat the users’
requirement is downgraded.

So Much Planning and So Few Real Outcomes

Norwegian authorities need, according to the trading agreement
with the European Union, to put out greater than 135,000 euros
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on public tenders before procurement. Grants to vendors and
usersfor actually developing anew functionality ininformation
systems are not in line with regulations and do not fit into the
neo-liberalistic philosophy. We will now show how thisimpedes
progress in establishing electronic cooperation within health
care systems. Additionally, we will explain how the authorities
have tried to initiate the development of cooperational
functionalities. This investment actually wasted public money.

From the customers perspective, we see that purchasing
unfinished cooperational functionality is very difficult for the
health care institutions to do, because it isimpossible for them
to invest money in something of unknown utility that will take
yearsto develop. They also experience that pilot testing is very
time consuming and affect the productivity. The users also
describe that preparing requirements of a new cooperational
service is extremely difficult because the new service have to
fitinto their own complex workflow and it isdifficult to explain
and understand how the new serviceis supposeto interplay with
users in other organizations. The users are aware of the tight
coupling between cooperation and how their work isinfiltrated
with the infrastructure in their job and in this way underpins
some of the essence in Information Infrastructure Theory. To
summarize, usersfind it difficult to order cooperational services
due to weak economic incentives and that these services are
extremely difficult to describein advance. Thus, these usersare
not powerful playersthat are ableto expand the af orementioned
market that the basic philosophy of neo-liberalism assumes.
Based on the vendors' perspective, we found that they often
find that the effort required for development in public projects
is much more than initially estimated. Underestimation often
resultsfrom vague or poorly adapted design requirements. This
matches the users’ perspective and is aresult of the complexity
in information infrastructures. When the development of new
services or functionalities include cooperation with other
vendors, the oversight of the development phase decreases
dramatically. No single vendor has control over the end product.
Usersdo not pay for the new functionality in advance and public
funding is rare and usually insufficient. ePrescription was the
only exception. This means that the vendors are expected to
take the economic risk when it comes to development of
electronic cooperation within health care, but thisoftenisarisk
that they are not willing to take.

We found that several projects within new electronic
collaboration toolsin Norwegian health care have been financed
with public money. What characterizes these projects is that
vendors and pilot users are not included in the financing budget.
Projects have been established and cooperational tools have
been specified. These public projects find that it is extremely
difficult to enroll electronic patient record vendors due to the
situation described in the previous section. If the vendors do
not have reason to believe that the new functionality will bring
money to their company, the development will be put on hold.
Thus the money invested in public projects will lead to money
spent on planning and specification without any devel opment
and can be considered a waste of public money.

The concept of funding public projects to prepare user
specification and order (or put out on atender) isin line with
the regulations concerning public procurementsin the European
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Economic Area market. However, these procedures are not
well-suited for procurementsthat should end up with electronic
services between information infrastructures.

Summary: Cooperational Electronic Toolsin Health
Care

In this paper we focused on the challenge to devel op electronic
communication between health care ingtitutions. This kind of
cooperation in the health care sector is an expressed goal from
the sector itself and the authorities have underlined such
strategies in alast 15 years through their strategy documents.
Electronic patient record vendors are dependent on satisfied
customers and arein this respect positive to interorganizational
electronic information flow as well. All three groups that are
focused in this study want to achieve innovation within the
current topic but the progressislimited. The discussion showed
the mechanisms that oppose the innovation. Our findings are
summarized in Table 2, representing the effects of the funding

Larsen & Mydske

policy for innovation within electronic cooperation in Norwegian
health care using Pallitt’s definition [14].

Devel oping el ectronic communication between separate players
involves system innovations across organi zational borders. This
requireslong term coordination of activitiesto achieve common
goasandinterests. The new public management and neo-liberal
reforms have created a system that counterworks such aims.
Strengthened weight on operationa effects as business efficiency
and local sustainability on adecentralized level create negative
effects on aprocessing and systemslevel. The different players
in this case are fenced within their local rationality; health care
serviceinstitutions are linked to daily activity to fulfill the needs
of their clients, the private firms have to fulfill business goals,
and the public authorities' steering is restricted to the role of a
distant and passive owner, with instruments/incentives adapted
to a limited market situation. A man general result is
incongruence and distance between uncoordinated players,
unable to obtain a common innovation result.

Table 2. Effect of neo-liberalistic policy concerning innovation of electronic cooperation toolsin Norwegian health care.

Player Operational effects

Process effects

System effects

Electronic patient record vendors  business efficiency

insufficiently financed

innovation deficit

Health care institutions high efficiency difficult participation innovation unable
Authorities reduced steering partly financing innovation not obtained
T electronic patient records should for further electronic
Limitations P Py

This study did not included issues like standardization,
legalization, security, and devel opment techniques.

Conclusion

In this study, we found several reasonswhy there has been little
progressin establishing el ectronic cooperation within Norwegian
health care despite the common desire from health care users
and authorities, who pay for more than 80% of health care
expenses. Wefound that health care ingtitutions have established
separate information infrastructures and that cooperational
services will be the interconnection of information structures.
Such interconnections will be a very difficult due to the
intertwining between workflow, information system, and
organizational issues in each organization. In the health care
sector, the electronic patient record has a unique position in the
information structure, because information and cooperation is
centralized to this information system. Essential information
systems, like the electronic patient record, will be difficult for
customers to switch and are not easily changed to the best
avalable in the market. If public health care plans for new
cooperational services or functionalities that involve the
electronic patient record, the initiatives will be stopped by the
vendors of these systems that do not foresee the possibility of
their customers (general practitioners, hospitals, municipalities)
paying extrafor the service or functionality. However, electronic
patient record customers will find it difficult to pre-order
something that will take yearsto develop and to do so without
knowing, up front, the user friendliness of the new service and
functionality. The authorities who, to a large extent practice
neo-liberalistic principles, have not taken extraordinary steps
to compensate for this. The philosophy is that the users of
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patient record development. Public projectsin the case at hand,
which just finances project management, will lead to money
spent on planning and specification without any further
development toward convenience because vendors and user are
not willing to spend resources without compensation.

We found also that the authorities are interfering with the
development of functionality in electronic patient records as
they have come up with new legislation and in one occasion,
paid for development in aproject that wasran by the Directorate
of Health. In this way, the electronic patient record vendors
attention is drawn to the authorities’ requests at the expense of
the customers' requests.

Recommendation

To obtain innovation across borders between different and
separate players, 2 strategies may be discerned: (1) either
specific incentives tailored to the specific criteria of the
innovation object and itstarget, inserted externally from higher
level, or (2) the system should be reformed to suit a broader set
of goals and functions, while satisfying the type of innovation
needed. Due to the nature of ICT in hedth care, the reform
strategy is not suitable because such information infrastructure
needs to be expanded stepwise [27]. We will therefore
recommend the strategy based on incentives tailored to ICT in
health care. It is, however, critical that the goals are inserted by
actual health care users. ICT in health care is a very complex
domain so the users must not play the role of consultants, but
of deciders. Animprovement would beto prolong planning and
elucidation to implementation, expand public financing to cover
implementation, and create a common institutional structure
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between the group of players to include them as joint implementators.
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