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Interactive Healthcare Systems in the
Home: Vestibular Rehabilitation
Abstract

Rikke Aarhus

Vestibular dysfunction is a balance disorder, causing
dizziness that provokes discomfort and fall situations.
This paper discusses early results from a project that
aims to develop assistive technologies to support
home-based rehabilitation for elderly affected by
Vestibular dysfunction.
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Introduction
In our project, we aim to develop an interactive system
to support elderly people affected by Vestibular
dysfunction in their home-based rehabilitation program,
which they engage in alongside a clinic-based training.
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Current trends within the healthcare sector are to
reposition care and rehabilitation from the hospital to
the home. This process challenges the setting, as a
home is not build as a place for care, and also the
different actors involved who may experience new tasks
and roles. For instance, a hospitalized person needs
only to focus on being a patient, while a patient at
home often also needs to be e.g. a worker or family
member [1]. In this paper, we present preliminary
results from a project developing healthcare systems
for home-based vestibular rehabilitation (VR).

Vestibular dysfunction and rehabilitation
Vestibular dysfunction causes dizziness and elderly
suffering from vestibular dysfunction risk to fall and
hence to become isolated, as they fear to move in
public. However, it is possible to reduce the symptoms
through rehabilitation. The rehabilitation program, at
least in our case, includes group-based training twice a
week at a specialized clinic supervised by
physiotherapists (Figure 1), and daily trainings at home
on their own. Patients train two types of exercises; 1)
special head and eye movements (see Figure 2)
together with balance training (clinic and home), and 2)
general workout (clinic).

Performing the exercises, safety is of outmost
importance due to the risks of falling especially as
patients preferably should stand up while doing the
exercises. Generally, patients adhere to the training at
the clinic while our studies indicate that adherence to
the home exercises is low. Some patients do not
understand the importance of the home exercises, they
are considered difficult to relate to and tiresome, and
some of the elderly are not able to do the exercises
correctly. Furthermore, little progress is perceived the
first 12 weeks of training which affects the motivation.
The elderly also lack the randomness in the exercises
which is provided at the clinic through the assistance of
the physiotherapists. The physiotherapists have
expressed a need for a tool to monitor the home
exercises to improve adherence.

Figure 2: (left) Horizontal, vertical or diagonal eyemovements or all of them combined. (right) An elderly
performs the exercises with a matchbox at home.

Design requirements
Through field studies and user-involved activities we
have identified several requirements to the design of
technology for VR. The technology should support
patients in doing the exercises correctly and provide
motivational cues. The technology should hence provide
an element of surprise and preferably be some kind of
gaming activity [3]. It should also offer a way to verify

Figure 1: The clinic at the hospital.
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that the user actually carries out the exercises and not
only activates the system to make the physiotherapists
happy. Designing for the home, the assistive
technology should not occupy much space and should
blend in with a wide range of different homes and
lifestyles. The technology should be easy to setup, use
and maintain as the elderly in our project are not
experienced technology users and show some degree of
reluctance toward having technology in their homes.
Finally, the technology for VR should provide a tool for
the physiotherapists to bridge the physical distance
between clinic and home to improve the outcome of the
rehabilitation.
So far, we have developed and tried out numerous
ideas trying to incorporate the above outlined
requirements. The ideas have been developed and
tested together with the elderly and the
physiotherapists. The different ideas are described in
[3]; here we will only highlight the flower concept that
has been developed as a result of the different userinvolved activities.

The Flower Concept
The flower concept is composed by an artificial flower
(figure 3) and a flowerpot. The flowerpot acts as a
docking station for the flower when not in use providing
charging and internet connectivity. The flower contains
a wireless connection to the ‘flower-pot’, a Led in each
petal, accelerometer to measure speed, direction and
angle to earth, speaker, special purpose sound chips
and a microcontroller. The microcontroller executes the
program, or ‘game’, which can be remotely updated by
the physiotherapists. The basic activity in the flower
concept supports patients if they lie down, sit or stand.
The user holds the flower in front of her. A petal lights
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up indicating a direction similar to a compass. The user
now moves the flower in that direction (i.e. doing the
exercise), until a new petal (i.e. direction) lights up.
The user shall then move the flower in the new
direction. This can only be accomplished if the user
actually does look at the flower noticing the change of
activated petal, and is therefore an indication of correct
use in respect to the rehabilitation protocol.

Figure 3: Early drawing and prototype for WOz sessions.

Through the Wizard of Oz (WOz) technique [2], a low-fi
version of the flower is currently under evaluation, both
in private homes and at the clinic. This version is built
around a toy-flower made out of fabric. We have
augmented the flower with a Led in each petal. A
purpose-made remote controller communicating with
the flower wirelessly can control these Leds individually.

Discussion
The early feedback of the flower concept has been
broadly positive. The interaction modality can be used
by all patients regardless their physical abilities as e.g.
the speed can be adjusted to each patient. Our work
with the different design concepts and especially the
flower concept shows that acceptance or motivational
aspects to engage in technology use as part of a homebased care program is important, but complex in
nature. The clinic represents a controlled and

professional setting where technology acceptance is
based mostly on functional requirements. On the other
hand, the home is a complex setting with many
different and often non-health related activities taking
place and other roles for the inhabitant than being a
patient. Therefore, technology acceptance in the home
is to a wide extent also based on non-functional
requirements. Even if the flower is also used at the
clinic, it may be perceived differently when used in the
home. This was the case with one of our other design
concepts, an augmented dart game, which was widely
accepted at the clinic but less so in the home due to
e.g. fear of breaking decorative items in the home,
even if this particular game used soft Velcro-balls.
Introducing technology to the home, we risk giving the
elderly a feeling of being sick or hospitalized as the
technology either draws attention to the disorder or
signals disease which neither of the elderly in our
project wish. The flower concept seems not to be
perceived in this way. However, further work is needed
to better understand the conditions and requirements
for applying technology in home-based rehabilitation.
In addition, we also need a better understanding of the
correlation between the nature of a disorder and the
acceptance of healthcare technology to be used in the
home. In our case, the elderly do not depend on the
exercises to live, as is the case with e.g. a ventilator
[4]. How do the degree of dependency and the nature
of the disorder affect the acceptance and use of a
technology, especially for people who are, as our
patients, hesitant technology users?
The flower concept supports the idea of providing a tool
for the physiotherapists to understand e.g. individual
challenges in the home training. Thereby the
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connection between home and clinic and the
rehabilitation are improved. To establish such
connection, or bridging, becomes of great importance
due to the current trend to move (parts of) care and
rehabilitation to the home from a medical setting.
However, a challenge is to provide data that is easily
integrated into the work of the physiotherapists. Also,
some of the elderly expressed a fear that a clinicconnected system would give them a feeling of being
under surveillance in their private homes.
Designing and introducing technology in the home to
assist elderly in a rehabilitation program is thus not a
straightforward task. It opens for multiple challenges
and discussions that deserve further research.
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Introduction
A 2001 U.N. report noted that 10% of the world’s
population was then over 60, and projected that this
would increase to 20% by 2050, and 33% by 2150.
Senior citizens have long used prosthetics for mobility
such as crutches, for vision such as glasses, and for
hearing such as hearing aids. Seniors are now also
rapidly adopting information technology; for example,
the largest increase in internet use since 2005 has been
in the 70-75 year-old age group [6]. This suggests
that there are interesting design opportunities for
information technology to support graceful aging.
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A Design Framework

Pioneering Research Projects

Design frameworks help researchers and clinicians to
understand, compare, and contrast approaches.
Ideally, they also suggest novel solutions. The
following design space extends previous work [1] with
the following six dimensions:

For over two decades starting in the mid 80s, Dr. Elliot
Cole and associates [3] demonstrated with over one
hundred patients that desktop computer technology can
significantly and substantially aid individuals with
cognitive deficits that result from conditions such as
TBI and stroke. Identifying and exploiting what Cole
terms “islands of abilities” allows the achievement of
specific neurorehabilitation goals.

1. What cognitive or social process is supported? E.g.,
memory skills dealing with reminding, orienting,
reminiscing, finding, and recognizing; executive
functions; or higher-level skills such as communicating
and remaining connected with family and friends.
2. For what population is one designing? E.g.,
individuals with amnesia, mild cognitive impairment
(MCI), Alzheimer’s disease (AD), or stroke survivors, or
a population of those “normally aging”.
3. What is the goal? E.g., diagnostic; or prosthetic,
i.e., compensating for an impaired function; or rehabilitative, i.e., restoring some function that is impaired; or
preventative, e.g., slowing cognitive decline.
4. Who are the users and what is the usage pattern?
E.g, the person with some impairment, caregiver,
family, clinician, or some combination of stakeholders?
Will the technology be used unaided or with assistance?
5. What design approach is used? E.g., user-centered
design (UCD) — designing for users, participatory
design (PD) — designing with users, or patient-centred
design — design by a clinician for a specific patient.
6. What technology is employed? E.g., laptop
computers, DVDs, smart cell phones, configurations of
tiny “ubiquitous computing” devices, or neural
implants. Also, is the technology fixed, or adaptive, or
adaptable?
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With the Memory Link program [11] beginning in the
late 1980s, Dr. Brian Richards and colleagues applied
errorless learning to teach persons with anterograde
amnesia to use looseleaf “memory books” with alarm
mechanisms to remind them of appointments and
medications. Recently, smart phones have been
introduced, also for communication and collaboration
among amnesics and family members [13].
NeuroPage is a lightweight portable pager that also
serves a reminding system. A study [12] of 143 braindamaged patients’ use of NeuroPage showed that more
than 80% of patients completing the 16-week trial were
significantly more successful with everyday activities
such as self-care, taking medication, and keeping
appointments. In most cases, improvement was
maintained 7 weeks after returning the pager.
The ravages of chronic conditions such as AD,
Parkinson’s, and stroke are very often also devastating
for caregivers. Dr. Elsa Marziali’s elegant Caring for
Others system [7] uses desktop videoconferencing to
provide remote support by social service workers and
social connections for 7/24 homebound caregivers of
individuals with such conditions.

Current Projects in Our Lab

Design Variations

Elsa and I have developed an effective production
process [9] for creating multimedia biographies (digital
life histories of entire lifespans) for persons with midor early-stage AD or MCI. The biographies stimulate
memories, usually bring joy to the AD individual,
enable family members to better remember their loved
ones as they were before the AD, facilitate family conversation, and are useful for third-party caregivers [4].

The six dimensions of each of the eight projects are
summarized in Table 1. The design framework should
also be a thinking tool suggesting new technologies and
new uses for technology. Here are some examples:

Researchers and clinicians at Microsoft Research
Cambridge [2] recently reported on the successful use
of a novel automatic camera called SenseCam to enable
recall of current episodes in the lives of individuals with
amnesia or AD. We are carrying out a study comparing
raw SenseCam footage to authored narrated slide
shows incorporating selected SenseCam stills to
memory stimulation with probing questions.
Context-aware cell phones can delivery valuable
information for individuals with cognitive deficits.
Building on a pilot exploration in which a smart phone
suggests who one might encounter in a particular
location [5], we are now generalizing this concept to
the prediction of words and sentences to support
communication by individuals with anomic aphasia.
We are also designing senior citizen gaming web sites
for cognitive and social stimulation. One goal is to
provide compelling environments that if used regularly
might increase cognitive reserve [10] and thus one’s
resistance to mental aging and to the expression of AD.
Another goal is to provide an environment for carrying
out randomized controlled trials on the effectiveness of
various mental fitness regimens [8].
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Population: As users of a smart phone vary in the
degree of cognitive impairment from MCI to mild AD to
moderate AD, the inference engine should become
progressively more directive and less reliant upon user
control of what is displayed.
Goal: As goals for a gaming environment vary from
prosthetic to rehabilitative to preventative, the games
supported may have to be significantly different.
Users: Digital life histories may vary in production
process, content, and usage depending upon the
user(s): individuals, couples, small families, or large
families dispersed throughout the world.
Technology: Display of names from a social network to
aid name recall or of SenseCam images to aid recall of
experiences may be done in significantly different ways
on a smart phone, a laptop, a desktop or ambient
tabletop display, and a wall display.
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There is evidence that widely used interactive medical
devices such as infusion pumps pose interaction
difficulties. Yet this evidence is widely dispersed, and
difficulties in programming, interaction and sociotechnical design have rarely been a focus for study.
Interaction difficulties are effectively invisible. To
understand why, it is necessary to study the cultural
and organizational contexts within which devices are
designed, deployed and used. In this paper, we present
examples illustrating interaction difficulties and outline
features of the context that keep those difficulties
invisible.
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Periodically, an incident in which widely used interactive
medical devices are implicated hits the headlines. For
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example, the report on the death of Denise Melanson
[4] highlights the calculation and programming errors
that resulted in medication that was intended to be
administered over four days being delivered in four
hours. In a subsequent user trial replicating the
situation as closely as possible, 3 out of 5 participants
made programming errors, and all had some difficulty
working with the device. Another example is the report
on Lisa Norris [8], who also died – in this case,
following repeated high doses of radiation therapy due
to an operator being unaware of the need to apply a
scaling factor in the calculations. Both of these incident
reports refer to other “similar” cases for which less
information is available.
The role of design in reducing or mitigating errors is
becoming more widely recognised. For example, a
Panel on Transforming Healthcare report to the US
President calls for "research on user-interface hardware
and software to promote the development of better
solutions to the problem of human computer interaction
in healthcare" [7]. Smetzer and Cohen [9] have
recognized the issue of misprogramming of drug
delivery devices. They note (p.275) that “misuse of
infusion pumps and other parenteral device systems is
the second most frequent cause of medication errors
during drug administration”. They discuss the impacts
of various factors, including device programming,
physical aspects such as tubing, and wider system
aspects such as relatives administering patientcontrolled analgesia drugs, on medication errors; they
advocate Failure Modes and Effects Analysis (FMEA) as
a means for assessing system safety. Fairbanks and
Wears [2] also highlight the role of design in provoking
or mitigating errors, focusing on the design of
defibrillators; they argue that design changes “offer the
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prospect for real and sustained change”. However, such
reports have as yet had little impact on practice.
It is difficult to get detailed information on incidents
that increase system vulnerability but do not result in
adverse outcomes. A study by Husch et al. [3]
highlights how few incidents are reported. They studied
infusion pump use in a busy hospital over a 9 hour
period, covering 426 instances of intravenous infusions.
They identified a total of 389 errors, occurring in 285 of
the infusions. In other words, 66.9% of the infusions
studied involved one or more errors. Many of these
errors would be classed as minor (e.g. no rate on label,
which might lead to a more serious error but does not
cause direct harm). However, 55 of the errors identified
were either rate deviation or incorrect medication. This
can be compared with the number of errors in the same
categories that were reported through the formal
reporting system – namely 48 reports over a 2 year
period from the same hospital. On the one hand, this
shows that even potentially harmful errors are often
not perceived as resulting in harm; on the other hand,
the low reporting rate means that errors are effectively
invisible, and it is impossible to learn from the “near
misses”, as happens in other industries [1].

Why are interaction design problems
invisible?
In our initial investigations, we have identified several
factors that contribute to the invisibility of interaction
design problems, and the corresponding human errors.
Some relate directly to the visibility of interaction
design in procurement, in use and in incident reporting:
1. Procurement does not have human-factors
guidelines. A recent UK purchasing guide for insulin
pumps [6] omits any discussion of interaction design

but notes (p.9) that “Individuals with poor cognitive
function should not be responsible for self-management
of a pump.” Hospitals buy devices on a range of
criteria, including cost and consumables costs; usability
and error prevention are not usually central criteria.
2. The focus of clinicians is on patient care, and they
will do whatever workarounds are necessary to address
patient care, rather than considering in what ways the
devices they work with could be better designed, or the
details of why an interaction went wrong in any way.
For example, we have seen ventilators fail and need
rebooting mid-operation. If there is no harm, there is
nothing to report. Hence serious design issues do not
get reported unless they clearly — to the non-technical
specialists at the sharp end — lead to patient harm.
Because clinicians are not focusing on interaction
design, they have limited ability to report on details of
the interaction following an incident.
3. There is minimal questioning of device design, not
just among clinical staff, but across all professions
involved in decisions. For example, the incident report
on the Lisa Norris case [8] (p.2) notes that “... at no
point in the investigation was it deemed necessary to
discuss the incident with the suppliers of this
equipment since there was no suggestion that these
products contributed to the error”, and yet a reading of
the report from an HCI perspective suggests that there
were clear problems over the integration of software
modules, and that the system was unnecessarily
difficult to understand and use.
Other factors are organizational, including
organizational culture, reporting mechanisms and
problem ownership:
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4. The pervasive blame culture discourages reporting.
This culture is widely recognized [5], and it can be an
obstacle to investigations, and even to studies. For
example, in working with nursing managers to design
observational studies of staff using infusion devices, we
have to address their concerns that an improved
awareness and reporting of interaction errors may
result in a perception that performance is getting worse
– a perception that would be damaging to patient
confidence and to the reputation of the organization.
5. The lack of high quality data on interaction errors
makes it impossible to ascertain how often interaction
errors are a contributory factor in incidents. Barach and
Small [1] quote an estimate of 100 000 preventable
deaths in US hospitals annually, but few incident
reports include details of interactions. Incident reports
generally give no indication of what information the
clinician was working from, how any calculations were
performed, what checks were in place, or how the drug
was administered (including details of the devices used
or the user interaction with those devices) – details
that are essential for designing safer devices and safer
systems.
6. There is a lack of ownership of the problem. Each
country has a different regulatory regime, so it is
difficult to generalize. The situation in the UK is
summarized by Sujan et al [9]. In brief: responsibility
for the safe design of interactive medical devices is split
across several authorities, with the Medical and
Healthcare Regulatory Agency taking responsibility for
ensuring that devices perform as designed, the National
Patient Safety Agency informing policy on aspects of
safety including human error, the National Institute for
Health and Clinical Excellence having recently taken
over responsibility for informing procurement decisions,

and Licensed Authorities certifying new devices as
conforming to relevant legislation such as the Medical
Devices Directive [11] which, in turn, includes minimal
information on device design. Interaction design of
established technologies such as infusion devices is not
central to the concerns of any of these bodies.

A research agenda on improving interaction
design to reduce patient harm
There are many factors that can contribute to
hazardous incidents in healthcare. While there is an
extensive literature on the role of broader
organisational factors in patient safety (e.g., the
“blame culture” [5] and organisational complexity [9]),
there is limited discussion or reporting of the role of
interaction design in contributing to safety. The
contribution of interaction design to medical incidents is
substantially underreported. There is a pressing need
for much more extensive research on the causal
relationships between human behaviour, device design,
situations of use and medical incidents. To maximise
the impact of such research, it is also essential to
extend the dialogue on this topic to accommodate the
perspectives of clinicians, manufacturers, policy makers
and patients.
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represent baseline data for a survey that will be
administered biannually over a three year phased EMR
adoption. Data (n=789) address participant-reported
comfort with electronic devices, work-use of various
technologies, and work-related challenges that may
impact the success of the EMR adoption.

Keywords
EMR, Survey, Adoption, Facilitators, Barriers

Introduction
This paper presents preliminary results from a study
assessing the impact of EMR adoption on recordkeeping, clinical and organizational practices, work
efficiency, and patient care at a major academic medical
center, referenced here as UniHospital. Findings are
based on an initial survey of future EMR users and are
informed by observational work conducted in Spring
2008. Our survey was distributed in September 2009 to
collect baseline data immediately prior to the
deployment of the first phase of an EMR system.
During previous qualitative observational work, we
uncovered specific challenges and successes within
individual units as well as larger themes across multiple
sites. Larger themes include handling of patient and
research records; internal and external communication;
barriers to adoption and use of technology and

strategies for overcoming them; and anticipation,
management and control of change. Thus, the larger
study (of which the work here is a subset) is focused on
managing clinical and research data as well as sociotechnical challenges of interacting with patients, other
medical center workers, and external stakeholders.
Results from this survey demonstrate how UniHospital
thus far has integrated information technology into
existing work practices and staff attitudes about those
technologies across both their work and home lives.

Methods and Demographics
Responses were collected via an online survey
comprised of 19 questions (some with sub-parts). Our
conceptual model (see Figure 1) for facilitators and
barriers to implementation and adoption informed by

extensive literature on EMR deployments, HIT adoption,
and morale and change in hospital settings drove the
development of our survey instrument.
The anonymous survey required approximately 15
minutes to complete. Respondents were recruited from
a UniHospital-provided list of approximately 3500 future
EMR users, including administrators, records personnel,
medical students, clinicians, and staff. Respondents
could optionally enter a drawing for a $50 Gift Card (1
in 200 respondents received a gift). The survey was
open for the last two weeks of September 2009, and
participants were encouraged to complete the
questionnaire via emails from hospital administrators
and the authors. We received 789 valid responses.
Responses were from a wide variety of departments,
with no department representing more than 6% of
responses. Participants were highly varied in roles, time
at UniHospital, and age (~45% were born before 1963,
40% between 1964 and 980, and ~10% after 1980).

Findings
Comfort with Electronic Devices
Overall, participants reported comfort with electronic
devices and computational systems, potentially
influenced by the use of an online survey.
Approximately one-fifth of respondents are “early
adopters.” More than half (52%) of respondents noted
that they take “only a little time” to learn about new
technologies and 38% of participants report that they
are eager to try new technologies after a few others
report success.
Respondents reported use of a variety of technologies at
work. Nearly everyone (84%) reported using email very
often. Meanwhile, more than half (67%) reported never

Figure 1: Conceptual model for UniHospital adoption of EMR.
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using a PDA or SmartPhone at work. A new mobile
phone-based paging solution is currently being
implemented at UniHospital, which may influence these
responses over time.

particularly where it promises to reduce existing
challenges. Thus, it was important in this initial baseline
survey to document the challenges users currently
experience.

Current Challenges
In the larger study, we hypothesize that extensive
barriers to the completion of current work will increase
staff readiness to adopt the new EMR system,

Respondents generally reported satisfaction with the
availability of medical records, time with patients, and
the status of the EMR implementation. The three areas
with the least satisfaction include the amount of time
available for documentation, the amount of time for
email or phone visits, and efforts by senior leadership to
include providers and staff in decisions about EMR.
The UniHospital EMR project has potential to reduce the
time it takes to complete documentation. However, in
some EMR implementations, at least in the short term,
documentation has taken longer and the follow-up via
email and phone has become more difficult [1,2].
Although respondents believe that providers are
prepared for the implementation, they want greater
involvement in the process. This finding echoes findings
from our interview study in 2008, in which participants
described concerns about communication between
senior leadership and clinicians and staff.
Feelings of being rushed or challenged can be
exacerbated by requests to take on new work practices,
including use of health information technologies in
everyday practice. We detail some of the biggest
challenges here (see Figure 2 for complete responses).
Incomplete or Inaccurate Charts: One goal of any EMR
implementation is to reduce errors related to incomplete
or inaccurate charts. During the transition to a
paperless chart, however, UniHospital will use hybrid
records, in which records exist in the EMR system, on

Figure 2: Severity of problems in current work practices and tools.
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paper, and in other legacy systems. This situation may
actually engender more confusion as clinicians and nonclinical staff work to locate and comprehend all of these
disparate data sources. During this time, the importance
of adherence to policies around which records should be
scanned, which should be printed, and so on must be
stressed with all the stakeholders.
Time Spent Locating Charts: During our qualitative
study, clinical and non-clinical staff reported a
considerable amount of time was spent looking for
charts. Survey data echoes this concern. During our
fieldwork, we found that the processes for requesting,
returning, and archiving records are incredibly complex,
and as such we hypothesize that the move to a fully
electronic system will greatly reduce these concerns. Of
course, as in the previous issue, the interim time of
hybrid records may temporarily make this issue even
more problematic.
Lack of Integrated Systems: Hospital information
technologies tend to grow organically over time.
UniHospital’s systems are no exception. Over the last
few decades, UniHospital has invested in novel and
medically important systems. Unfortunately, healthcare
technologies are generally fragmented, and few
standards for interoperability exist. The strategic plan
moving forward includes use of only Eclipsys-based or
Eclypsis integrated products unless a clinician or
researcher requires functionality not available in that
system. This plan should greatly improve perceptions
about the integration of data systems, but we will
carefully attend to perceptions about the quality of
individual systems in the event that the trade-off being
made here becomes problematic.
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Patients Seen Without Charts: As patient charts move to
electronic media, they become available in multiple
places simultaneously. Thus, it should be less likely that
a patient is seen without access to their chart. Likewise,
integrated scheduling and records systems should
better enable that all patients scheduled for
appointments have charts already in the system. When
they do not, earlier recognition of this concern allows
staff to request this information from either the patients
themselves or another medical system and ensures that
appropriate information is available to the clinicians at
the time of the visit.

CONCLUSION
UniHospital is in the midst of a massive transition.
Moving to a fully integrated electronic systems approach
to research and clinical records represents a significant
advance. Survey data confirms observations that
personnel are prepared for and optimistic about this
transition. The data reported here represent only one
aspect of the overall EMR project. More work will be
done to understand the details of situated work
practices, in addition to understanding how work
practices are described, planned, or imagined to
happen.
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Introduction
There is widespread agreement among researchers,
politicians, and practitioners in the healthcare industry
that infusing the health system with technology will
improve care, drive down costs, and result in better
health outcomes. The evidence supporting such claims
continues to mount. For example, electronic medical
records may help prevent physicians from making
errors when prescribing medicine to patients [2] and
mobile applications have been shown to facilitate
tracking and self-care in populations where this was
previously difficult or impossible [6]. Clearly, interactive
systems in healthcare are being designed,
implemented, and have the potential to improve the
healthcare system.
There are many goals of interactive systems in
healthcare. One set of goals that has a special
relationship with user privacy are the goals of clinical
information data gathering, storage, and sharing (for
simplicity, “clinical information sharing”). There are
many purported benefits of clinical information sharing.
One oft cited benefit is “coordinated care” exemplified
in the following scenario: a patient with an allergy to a
specific medicine becomes the victim of a car accident.
When the paramedics arrive on the scene, the patient’s
identity is matched to her clinical information and an
alternative medicine that the patient is not allergic to is
administered. In this case, the clinical information
sharing benefits the patient in that she is administered
a treatment that is helpful, rather than harmful to her.
Another benefit of clinical information sharing is in the
interest of public health. Research may benefit the
public through improving healthcare for multiple
individuals.
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Currently, much health research is conducted using a
clinical trial methodology. A simplified explanation of
this method is as follows: information about a
participant’s demographics, health status, current
medications, etc. are gathered. Next, a participant is
randomly assigned to a treatment condition and is
monitored throughout treatment. At the conclusion of
the treatment course, measurements on the primary
variable(s) of interest are compared between the
treatment and control groups. Because of time and cost
constraints, this method necessarily enrolls and tests
relatively few people.
One of the public health benefits of interactive systems
in healthcare is that information from vast numbers of
patients may be gathered and analyzed outside of
clinical trials. The National Center for Vital and Health
Statistics describes this idea as follows:
“Clinically rich information is now more
readily available, in a more structured
format, and able to be electronically
exchanged throughout the health and
health care continuum. As a result, the
information can be better used for quality
improvement, public health, and
research, and can significantly contribute
to improvements in health and health
care for individuals and populations” [5]
The idea is that if personal health information can be
collected routinely from large numbers of people, these
data may be analyzed and used in research to generate
new health information. However, one key assumption
in the success of this model remains in question.

A key assumption in the assertion that clinical
information sharing will result in “public health research
and… improvements in health care for individuals and
populations” [5] is that the information that is collected
is accurate and complete. If the data that are to be
analyzed contain errors and/or omissions the
conclusions based on those data may not be valid.
Thus, it is more important than ever that data gathered
are accurate and complete.

Why Understanding Privacy is Critical
So-called “privacy concerns” are consistently cited as a
barrier in the design, implementation, acceptance and
use of health IT systems [1]. One risk is that, due to
privacy concerns, users will reject technologies they
perceive as privacy invasive. However, this is not the
only risk associated with privacy. A number of other
risks are also present.
When people are concerned about privacy, they engage
in a number of everyday privacy behaviors to address
their privacy concerns [3]. These behaviors may
include:


Avoiding using a technology



Hiding



Being vague



Censoring themselves



Lying



Engaging in selective sharing

While some of these behaviors may be harmless, and
even helpful in managing privacy in some contexts, in
the context of health information these everyday
privacy management behaviors may have negative
consequences. For example, a patient is embarrassed
about a medical condition (“condition X”) he
experienced 5 years ago. When he moves to a new
town and meets his new doctor, the doctor asks the
patient to fill out his history in an Electronic Health
Record (EHR). When the patient gets to the section of
the EHR asking about the condition he had 5 years ago,
the only options that are presented to him on screen
are:
Have you ever had condition X:

□

YES

□

NO

The system will not let the patient continue filling out
the EHR unless he answers this question. Given the
choice between revealing information that he feels
violates his privacy and answering untruthfully, the
patient chooses to answer “NO”.
The unintentional result of an EHR that was not
designed properly from a user privacy standpoint is
that now the system has “bad” or incorrect data about
the patient’s history. If this information is then
electronically exchanged throughout the healthcare
continuum and is subsequently included in research
about “condition X” it may contribute to an
inappropriate conclusion.
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Unintentional and unknown consequences
As potentially harmful as incorrect data in an EHR is,
there are many other risks if user privacy is not well
understood and addressed during the design phase of
interactive health systems. For example, avoidance
behavior is a commonly reported privacy management
strategy in contexts including health disclosure [4].
Extrapolating from this it is possible that people may
avoid getting treatment for a condition they feel is
particularly embarrassing and do not want to have in
their “permanent record”. Even today, in e-commerce
settings, purchasers are less willing to do business with
companies they perceive do not do enough to protect
privacy [7]. Following this path even further, it is
possible to imagine a future where there is a premium
market for medical practitioners who will perform
services without those services being included in a
patient’s health record. Clearly, this hypothetical
scenario would not be in line with the goal of using
technology to improve the health system.

Implications and Conclusions
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The discussion presented here suggests a number of
implications for the community of researchers
investigating and designing health systems. First, it is
clear that more research is needed to understand the
psychology of user privacy including everyday privacy
behaviors and how these translate to health systems.
Second, practitioners need to be made aware of the
possible strategies users will engage to manage their
privacy when using health systems. Finally, researchers
analyzing data should be aware of the kind of system
used to collect data and how this system addressed
user privacy; if a system did not include appropriate
alterative options for managing privacy conclusions
based on the data should reflect this shortcoming.
In conclusion, understanding the psychology of user
privacy is critical for the development of successful
interactive health systems which, if properly designed,
have the potential to improve the quality of healthcare
for everyone.
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Mobile devices may be one solution that can improve
the information flow and quality of services provided in
low-resource countries [5]. However, the success of
using mobile devices in low-resource countries depends
on the acceptability of the technology (i.e., user
attitude and reaction towards the technology).
Understanding a community’s motivation for technology
is essential given that compliance and accuracy in data
recording may be context-specific [3, 4].
The purpose of this study was to identify potential
barriers to acceptance of mobile devices for recording
of sensitive personal data in a low-resource country,
namely Angola in southern Africa. To explore this
research question, we conducted focus groups with
Angolans from across the social strata. We presented
personal digital assistants (PDAs) to them and
discussed whether they had any concerns with
disclosing HIV/AIDS-related sexual risk behaviors to
interviewers using a PDA.

Method
Sampling and recruitment
Participants were men and women, between the ages
of 18-55, who live or work in Luanda, Angola. They
were recruited via flyers and face-to-face invitations.
To gain a broad representation, participants were
recruited from varying socioeconomic levels: patrons of
cybercafés in the Maianga neighborhood, where
residents are primarily of higher education and higher
income; passers-by of a local youth center in the Bairro
Pedelé neighborhood, where residents are of moderate
education and moderate income; and vendors and
clients of the Estalagem marketplace in the outskirts of
Luanda, most of whom are of low education and low
income.
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Equipment
The handheld computers used in this study were
PalmOne Tungsten E devices. The Tungsten E devices
are small 4.5 x 3.1 x 0.48 inch units each powered by a
126MHz ARM processor. Each device has a sharp, highresolution, 320x320-pixel screen and 32 MB of internal
memory and runs Palm OS 5.2.
Focus group procedures
We held a total of six groups – three for men and three
for women. Immediately prior to each focus group,
participants were individually administered a brief
paper survey by a trained, local interviewer to collect
demographic information and evaluate participants’
experience with technology. In the group discussion,
the facilitator introduced the handheld computer and
distributed several Palm Tungsten E handhelds to the
participants. She or he then probed participants’
perceptions of the handheld computer, as well as their
thoughts about disclosing intimate sexual behavior to
an interviewer using the handheld computer. The sex
of the facilitator was the same as the participants in
that group. Discussions were held in Portuguese, the
official language of Angola, and were audio-taped with
participant consent. Each focus group lasted
approximately one hour.
Focus group discussions were transcribed and then
translated into English for analyses. One focus group –
women in the Bairro Pedelé neighborhood – was
dropped because of procedural inconsistencies. The
original Portuguese transcripts from the remaining five
focus groups were combined with the English
transcripts, so that raters could compare the text in
both languages. The transcripts were then entered into
Atlas.ti 5.0 to facilitate coding. Using grounded theory

[2], two raters individually coded the transcripts for
comments related to comfort with and willingness to
disclose sexual behaviors to an interviewer using a
handheld computer. Raters then discussed each coded
comment until agreement about the code was reached.
Codes were then grouped into themes, and their
applicability to the research question was assessed.

Results
In total, there were 49 focus group participants, 30 of
whom were men and 19 of whom were women. The
average age was 25.5 years, and the average number
of completed years of education was 8.9. As expected,
the participants from the cybercafés were more
educated than participants from the neighborhood, and
participants from the neighborhood were, in turn, more
educated than participants from the marketplace.
Participants from the cybercafés had the most
experience with technology: all of them have or had a
mobile phone, have used a computer, and have heard
of the internet. In contrast, the neighborhood and
marketplace participants had lower levels of experience
with technology. For example, only half of the
participants from the marketplace had ever heard of
the internet and none of them had ever used a
computer.
Participants described a range of perceptions about
handheld computers that could be barriers to
acceptance. Since most participants had not used a
handheld computer before, they based their
perceptions on experience with other technological
devices or on their beliefs about technology. The major
themes that emerged were

23



suspicion of outsiders



desire to be remembered



status

Discussion
This study contributes to the literature by providing a
more nuanced assessment of technological acceptability
in Angola. Using qualitative data, we identified four
possible relevant barriers to Angolans accepting the use
of mobile devices for HIV/AIDS risk behavior data
collection: suspicion of outsiders, desire to be
remembered, and status.
An analysis of the historical and social context of
Angola can help us understand why these issues might
be particularly relevant in Angola. In particular, Angola
is recovering from a 27-year civil war during which
most of the population was isolated from the rest of the
world. A commonly held belief is that foreign
intervention is the reason the war continued for so
long. The suspicion of outsiders may have continued,
from the war until the present. In addition, many
Angolans suffer from preventable health conditions
because of the poor living conditions and inadequate
health care system. The harsh reality of low life
expectancy (47 years) [1] may contribute to the desire
to be remembered.
There are some practical implications of this study for
researchers and practitioners seeking to use mobile
devices for health-related data collection in lowresource countries. In particular, we recommend that
researchers and practitioners evaluate the following
areas before beginning the project:

•

What is the historical and social context?

•

What is this particular community’s relationship
with outsiders?

•

How do people in this community understand
the saving data electronically and the
presenting of information electronically?

•

What are people’s concerns about status? To
what degree does access to technology add or
take away status?
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A consequence of the movement from paper-based
medical record-keeping to digital and online formats is
the potential loss of the human element that occurs
during face-to-face doctor-patient dialogue. To help
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empathy may be included in the design of health
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empathy when giving a diagnosis, including the
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with patients. We discuss how technologies in the
consultation room affect doctor-patient interaction. We
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communication of empathy exemplified by re-thinking
the ways clinicians and patients share information and
the design of technology use in consultation rooms.
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Empathy has been considered one of the most
important human elements in all forms of helping
relationships [5]. In the doctor-patient relationship,
empathy is viewed as a prerequisite for successful
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therapeutic outcome [2]. However, despite the current
momentum around technologies for health, empathy
has not been a major consideration in the process of
designing technologies for health. In consequence, the
need to support clinicians in expressing empathy in
their everyday practice has been largely unfulfilled
[6,7]. In the case of the transition from paper charts to
electronic medical record systems (EMRS), for example,
there exists the potential for removal or displacement
of otherwise timely face-to-face expressions of
empathy between doctors and patients. Clinicians
spend a significant amount of time filling out the forms
[4] during or after a consultation with a patient, which
could otherwise be used for actively listening to the
patient narrative or answering patients’ questions. In
the absence or the negligence of these human elements
of empathy during the process of designing health
systems, clinicians and patients may be troubled by
unintended consequences of health technologies such
as clinicians’ workflow interruption or patients having
difficulty assimilating information. Tools and
technologies that were initially designed for better
medical record-keeping purposes may not serve the
needs of clinicians and patients if the ways in which
clinicians communicate empathy and share information
with patients are not considered during the design
process. However, if technology can be better designed
with empathy in mind, these situations may be
avoided.
Our study explores how empathy is expressed and
perceived in clinical situations and the kinds of
phenomenon surrounding the expression or lack of
expression of empathy. We conducted semi-structured,
open-ended interviews with clinicians and patients to
understand their perceptions of empathy during the
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diagnosis of severe or chronic conditions. We discuss
how the design of health technologies and doctor’s
workplace settings can create space for the expression
of empathy in the clinical scenario in the new era of
technology and medicine.

Study Method
We interviewed a total of 14 participants—six clinicians,
six patients, and two family members of a patient. The
clinicians had completed many in-person medical
diagnoses or consultations with patients. The patients
had been diagnosed with severe or chronic conditions
such as cancer, Parkinson’s disease, or diabetes. Our
goal was to learn what empathic strategies clinicians
employ within the limited resources and time they
have, and what patients appreciate. We asked the
clinicians to describe how they deliver diagnoses of
unexpected findings, such as very serious illness or
diseases with poor prognosis. We asked the patients to
describe the very moment when they received a
diagnosis. Then we incorporated the findings in
designing health technologies to best help doctors and
patients in various situations.

Results and Discussion
A wide range of themes emerged from the interviews
including: definition of empathy, ways in which
clinicians understand patients’ situation and feelings,
tools and artifacts clinicians use when communicating
with patients, and attributes of non-empathic
communication and its consequences. Due to space
constraints, we will limit the discussion to two main
themes uncovered by this research —1) strategies
clinicians use to express empathy, and 2) tools and
technologies in a consultation room which impact
doctor-patient interaction. At the end of each section,

we discuss technology design ideas that support
clinicians’ empathic care.
Strategies Clinicians Use to Express Empathy
Experienced clinicians are well aware of the intrinsic
value of empathic dialogue: the recursive process of
understanding and communicating with patients in
varying mindsets and physical and emotional situations
over time. Empathy is hardly ever communicated
without the clinician’s understanding and
acknowledgment of the patient’s background. For
example, the clinician may need to know where
patients are coming from, where they are in their
feelings, their level of understanding of the disease and
options, their relationships, and the nature of their
work and home life. One clinician said that the
personality of a patient is a key characteristic to
differentiate one patient from another, but the medical
record is literally “a record of medical process,” so
there is little room to contain personal information.
Furthermore, the clinician’s understanding of a patient’s
situation and emotional state means little unless the
clinician is able to skillfully communicate that
understanding. Understanding and communicating
happen simultaneously as clinicians consciously and
continuously reassess the patient’s situation and modify
their method of delivering unexpected news based on
the patient’s feedback and life story.
Design Ideas: The interface that records health
information may be designed to contain personal
characteristics and narratives that help clinicians to
better remember each patient in order to treat them
more like “a human being,” rather than “as a number”
or “an illness.” Patients’ distinct characteristics include
personality, previous key events, background,
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relationships, family or guardian information, and the
nature of their work and home lives. Visual cues, such
as photos or past conversations, can help clinicians
quickly recall the patient, even if they meet with the
patient only once or twice a year. An interface showing
a “quick view” or a summary of the patient’s medical
and personal information may help clinicians mentally
prepare before going into the consultation room.
As part of empathic communication, clinicians
acknowledge the patient’s physical and emotional
discomfort. Health information technologies may also
be designed as a learning tool for clinicians to know
where patients are in their feelings. Kubler-Ross’s five
stages of grief model [3], for example, can be used as
a basis for a design of bar type menu in a chart, which
allows clinicians to mark the patient’s emotional state.
It would allow clinicians to always be mindful of the
patient’s emotional state, and when clinicians recognize
a patient going through a deep depression, they may
provide patients with further emotional support.
Tool and Technologies in Consultation Room
EMRS or a combination of EMRS and handwritten paper
charts are commonly used before, during, or after the
consultation. Before meeting with patients, clinicians
review charts to remind themselves of the patient and
his/her condition. During the meeting, clinicians write
notes either in the EMRS, on the paper chart, or on a
notepad. Some clinicians reported that they draw a
diagram or sketch out organs on a piece of paper while
explaining diagnoses and give it to patients or family
members afterwards. However, it is confusing to keep
the record of handwritten notes, especially when EMRS
and a paper chart are used together. To show the lab
test or a graph on the monitor, they may turn the

monitor screen toward patients. Although clinicians
prefer sitting side-by-side or perpendicular to the
patient for easier data sharing and building a closer
relationship, the sitting positions of the clinicians and
patients are restricted by workplace setting—the way
the desk, chairs, computer, and monitor are arranged.
Some clinicians try to face patients by sitting on a
swivel chair, using a notepad or a laptop, and being
detached from a desk or monitor. Despite the merits of
EMRS, both clinicians and patients expressed concern
over widespread practice of using a computer during
patient consultation due to the intrusiveness affecting
the fluidity of conversation, and the inefficiency of
filling out forms. Patients were especially frustrated
when clinicians did not spend enough time with them.
When the bad news was not communicated properly,
patients had hard time assimilating the information,
and were not being able to remember what was said
during the visit.

be carefully designed in a way to encourage the
clinician and patient to face each other or sit side-byside when they need to share data and look at charts.

Conclusion and Future Work
The goal of this work is to reduce the discomforts of
patients and some of the negative consequences of
poor doctor-patient communication by designing
technologies that can support the human
communication of empathy. This was exemplified by rethinking the design of health information technologies.
We claim that empathy is an important consideration in
the process of designing technologies for health. As our
next steps in this research, we will focus on elaborating
the designs of empathic interfaces for patients and
doctors in the context of treating specific conditions,
such as in the case of Alzheimer’s disease or post
traumatic stress disorder (PTSD).
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Active and consistent communication between nurses
and physicians is essential to achieve high quality and
timely evidence-based care, yet, interdisciplinary
collaboration is often lacking in the clinical environment
[7]. Within the intensive care unit (ICU) multiple
clinicians must coordinate care for critically ill patients
who are subject to frequent and extreme status
changes. Paper-based daily ‘patient goals’ tools [6, 4]
allow for clinicians to share in the daily identification of
patient goals and for all members of the team to be
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aware of these goals throughout the day. However, the
paper-based daily tools are not efficient for conveying
frequent updates to a group. Computer-based ‘goals
tools’ within an electronic health record (EHR) can be
continuously updated and viewed by many. According
to Coiera, concrete, routine activities are easily
computerized, and the distributed cognition theory
posits that providing a central repository of information
for all team members to access will decrease cognitive
burden [3, 1]. Therefore, the aims of this study were
to: 1) Develop a common patient goals tool prototype
that might be used within an EHR; 2) Evaluate nurses’
and physicians’ perceptions of the common patient
goals tool prototype in a laboratory setting.

participant’s voice and computer screen, was used.
During each usability session the participant was
provided with four patient goals (typical for an ICU
patient) and four tasks to complete and was instructed
to think-aloud. The four patient goals were: 1) Weaning
mechanical ventilation; 2) Maintaining fluid balance; 3)
Preventing a pressure ulcer; and 4) Preventing a deep
vein thrombosis. The four tasks were: 1) Changing goal
information; 2) Entering information into the discussion
board; 3) Adding information to the To-Do list; and 4)
Entering a new goal. Thematic analysis was performed
on the think-aloud data. Institutional Review Board
approval was obtained for the study.

Results
Methods
Prototype Development
Based on literature and preliminary data, we developed
a prototype of an interdisciplinary computerized
common goals tool. The prototype was developed using
Microsoft Office PowerPoint 2007® (Microsoft
Corporation, WA) and demonstrated the user interface
and examples of the prototype functionality through a
series of PowerPoint slides. After an initial development
phase, one physician tested the prototype and revisions
were made prior to additional usability testing by ICU
nurses, physicians, and nurse practitioners.
Prototype Usability Evaluation
Usability testing was conducted with ICU nurses,
physicians and nurse practitioners at a large teaching
hospital in New York City. The testing took place in a
laboratory setting, in which the investigator sat in a
room with the participant and a computer. Morae™
Version 3.1 (TechSmith, MI) software, which captures a
simultaneous audio and visual recording of the
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Each usability testing session lasted between 15 and 20
minutes. After initial testing with an ICU physician, the
common goals tool prototype was refined and the
discussion board feature named online rounds was
added. Nine critical care staff nurses, 4 critical care
residents, and 3 critical care nurse practitioners were
recruited for the usability testing of the refined
prototype. A sample size of 15 users has been shown
to detect 97% of usability problem areas [2]. Figure 1
shows the revised prototype and the thematic analysis
of the participants’ feedback during the testing.
The Common Goals Overview Page provides an
overview of all of the patient’s common goals organized
by body system or other clinical topic and includes
dates, status, priority level, and the clinicians that have
entered information. There is a Goal Details Page for
each common goal (e.g., Trial on CPAP in Figure 1) that
contains structured documentation categories on the
left side of the screen and an online rounds discussion
board on the right side of the screen.

Thematic analysis of ICU
Nurses’, Physicians’, and
Nurse Practitioners’
Usability think aloud
feedback:

Specific feedback about
potential usefulness of Online
rounds discussion board
feature:
• May be useful in facilitating
intra- and interdisciplinary
information exchange of
patient updates
• May be easier than tracking
down notes in the current
EHR system

Overall:
• The tool may be
useful to ensure that
verbal information
exchange does not
result in a loss of
information during
hand-off

Clinician Concerns:
• Double documentation
• Responsibility to document
on the online rounds
discussion board may fall
solely to the nurses

Positive features:
• Interdisciplinary
• Integrated into EHR
• Explicit goals that
reflect patient care
activities
• Goal rationale
• Goal To-do list
• One screen that would
not require scrolling

Clinician Questions:
• Is the online rounds
discussion board part of the
official patient record?
• Will this tool replace current
documentation?

Missing features:
• Intervention category
linked to the CPOE
system
• Billing diagnoses
• Patient contact
information

Figure 1. Common Patient Goals Tool Prototype. Top: Common Patient Goals
Overview page. Bottom: Patient Goal Details Page including Online Rounds
Discussion Board
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Discussion
This prototype contains both information tools (e.g.,
the structured fields on the overview page and on the
detail page for each goal) and communication tools
(e.g. the discussion board) [1]. Discussion boards are
popular tools to facilitate online communication about a
particular topic [5], yet an extensive search in PubMed,
CINAHL, and Google Scholar for the use of discussion
boards in clinical documentation retrieved no results.
However, in education discussion boards have been
shown to facilitate critical thinking and promote
individual and distributed cognition by forcing
individuals to reflect and elaborate on their thoughts in
order to successfully convey meaning [5].
Concerns regarding shared responsibility of
documenting are inherent in any patient-centered, as
opposed to discipline-centered, documentation system,
and in most clinical settings, would likely be a new
method of documentation. Pronovost et al. dealt with
this issue by mandating documentation on the daily
goals sheet [6]. Further studies should be conducted to
understand how clinicians would use a discussion board
in clinical practice and its impact on workflow.
The limitations of this study included the small sample
size, the limited setting from which the clinicians were
selected and the fact that usability testing was
conducted with a prototype tool based in a laboratory
setting as opposed to a real patient-care environment.

Conclusion
The common goals tool prototype received positive
feedback from the sixteen clinicians who participated in
the final usability testing. The innovative use of the
online rounds discussion board that is linked to each
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common goal has potential to be a new patientcentered interactive method of interdisciplinary
computerized documentation. However, clinicians’ use
of a discussion board, its role as part of the official
medical record, and its impact on clinical workflow has
not been evaluated. Future work should build a
functional system based on the prototype presented in
this study to further explore and evaluate these issues
in the laboratory and clinical settings.
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Using the metrics of the World Health Organisation, the
Global Burden of Disease Study has found that mental
health difficulties are currently the leading cause of
disability in developed countries [1]. Projections also
indicate that the global burden of mental health
difficulties will continue to rise in the coming decades.
The human and economic costs of this trend will be
substantial. In this paper we discuss how effectively
designed interactive systems, developed through
collaborative, interdisciplinary efforts, can play a
significant role in helping to address this challenge. Our
discussion is grounded in a description of four
exploratory systems, each of which has undergone
initial clinical evaluations. Directions for future research
on mental health technologies are also identified.
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Introduction
Mental disorders are health conditions defined by the
experiencing of severe and distressing psychological
symptoms, to the extent that normal functioning is
seriously impaired, and some form of help is usually
needed for recovery. The US Surgeon General’s first
report on mental health concluded that (1) the efficacy
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of mental health treatments is well documented and (2)
a range of effective treatments exist for most mental
disorders [2]. Unfortunately international studies also
conclude that the majority of people experiencing
difficulties do not receive appropriate specialist
treatment [2, 3]. Research concludes that in the UK
mental health has now overtaken unemployment as the
nation’s most expensive social problem [4].

An interdisciplinary challenge
Addressing the challenges of providing more effective
mental healthcare (MHC) services will require the
concerted efforts of professionals across a range of
disciplines. It is likely – indeed necessary – that
technology will play a significant role in future service
delivery. Coyle et al [5] identifies two broad challenges
which interactive systems can help in addressing [5]:
1. Access/capacity constraints: traditional mental
health intervention strategies, particularly talk-based
strategies, are time and resource intensive. As a result
existing services often do not have sufficient capacity to
meet the needs of people requiring professional help.
2. Engagement: research suggests that, even when
professional help is available, many clients find it
difficult to successfully engage with traditional
treatment. The level to which clients engage with their
treatment, and draw on their own personal resources,
is a major factor in the success of interventions.
With several notable exceptions, early research on the
use of technology was generally justified on the basis of
increased access - e.g. electronic contact as a natural
extension of face-to-face dialogue and the
computerisation of self-help materials. Increased
engagement and actual improvements in the
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effectiveness of treatment have received less attention
[5]. Collaboration between HCI and MHC professionals
can help in maximising the effectiveness of new
technologies. While MHC professionals have the
necessary domain expertise, HCI researchers are
experienced in design methodologies and are likely to
have a broader knowledge of the potential uses of new
technologies. For example the experience of HCI
researchers is important given the high cost of systems
failures in sensitive interventions. Other ongoing areas
of HCI research, such as designing for personal
reflection and behaviour change, can play a valuable
role in future research on mental health technologies.

Examples of exploratory systems
We have primarily focused on the design of technology
to support talk-based, psychological approaches to
mental health treatment, e.g. psychotherapy. Reviews
of previous research on technology in this area are
available in [5, 6]. Over the past 7 years we have
developed several exploratory systems.
Personal Investigator
Personal Investigator (PI) is a 3D computer game
designed to support adolescent mental health
interventions. It incorporates Solution Focused
Therapy, a goal oriented, strengths based intervention
approach. PI is used in clinical sessions involving one
therapist and one adolescent. It aims to ease the
difficulties many adolescents experience in engaging
with face-to-face treatments. Two clinical evaluations of
PI have been conducted, the first with 4 adolescents,
the second with 22 [7]. Results indicate that PI can
have a beneficial impact on interventions, supporting
improved client-therapist relationships and improved
client engagement.

PlayWrite
PlayWrite extended the ideas developed with PI. Rather
than providing a fixed game, it provides a flexible game
template and enables end users – MHC professionals to create and adapt the content delivered through this
template. Using PlayWrite MHC professionals have
created 10 games, implementing different theoretical
approaches to MHC and targeting a range of difficulties
including depression, anxiety and anger management.
For example, gNatenborough’s Island supports a six
week cognitive behavioural therapy (CBT) intervention
for depression. Evaluations of this game began in April
2009 and will run until May 2010.
Mobile Mood Diary
Therapists, particularly those practicing CBT, often ask
clients to complete paper based mood charts, but
adherence can be low and they can provide unreliable
information. Mobile Mood Diary, a mobile phone and
computer based mood chart system, was developed to
make recording moods more convenient and reliable. A
controlled school study was run studying compliance
variation between a paper-based chart and the Mobile
Mood Diary [8]. An initial clinical evaluation with 10
adolescent clients has also been completed. Results
showed a high level of adherence amongst participating
adolescents over a sustained period.
Mobile My Story
My Mobile Story makes use of the multimedia
capabilities of mobile phones. It allows adolescents to
record inter-session thoughts, ideas and feelings in the
form of sounds, pictures, videos and text. This content
can then be accessed on a computer to construct
therapeutically meaningful stories. Existing paperbased therapeutic exercises can be incorporated into
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the system as ‘therapeutic plans’, thereby supporting a
range of existing approaches. A pilot clinical evaluation
with 5 adolescents has been completed, with further
evaluations ongoing. Initial feedback suggests that My
Mobile Story can help to increase client engagement
between sessions and, according to one therapist, can
help to “personalise the content for therapy sessions”.

Design challenges and future directions
Theories for design and evaluation
Mental health technologies remain a relatively
unexplored design space. Alongside exploring the
potential of a wider range of technologies, there is a
need for more detailed investigation of theories, from
both MHC and HCI, that can help in generating ideas
and support us in reasoning about designs. For
example mental health frameworks such as the Skilled
Helped Model provide a structured overview of a
helping intervention. Behaviour change models such as
the Trans-Theoretical Model many also prove useful, as
could activity theory which has previously been applied
to a range of healthcare settings. Applying models for
complex medical evaluations may also prove beneficial.
Strategies for collaborative design
While collaboration with domain experts and end users
is important is many design areas, it has a particular
significance in MHC areas. The ethical requirements and
stigma associated with mental health mean that
designers often face severe restrictions on access to
people experiencing difficulties and to situations in
which interactive systems will be used [5]. Faced with
such constraints HCI practitioners may have to rely on
the expertise and insights of MHC professionals.
However research in related healthcare areas has

shown that the success of interdisciplinary teams is not
something that can be taken for granted. We have
discussed initial strategies for collaborative design
decision making in [9]. Providing a deeper
understanding of collaborative design strategies, and of
the techniques which support effective interdisciplinary
teams, is an important objective for future research.
Adaptable systems
Therapists often work with clients from different sociocultural backgrounds, experiencing a range of
disorders, of varying severities. Furthermore, teams of
therapists often have different theoretical backgrounds
and adopt a variety of eclectic approaches to working
with clients. In such situations fixed systems offer
limited benefits. Systems where the core capabilities
are re-usable across a range of situations, and which
can adapted to the needs of end users have been
identified as a important future requirement [5].
PlayWrite represents an example of such a system. In
this case MHC professionals play an active role in
adapting the system. This approach can also help to
support collaboration.
Support for resource allocation strategies
Targeting of resources and needs based service
provision have become important trend in mental
health service delivery. Models such as Stepped Care
encapsulate this notion, with distinct steps - intensities
of treatment - ranging from inpatient treatment,
through primary care teams dealing with issues such as
mild depression, to General Practitioners supporting
initial contact and diagnosis. Designing interactive
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systems to support these different levels of care, and
transitions between them, represents a major challenge
for research in this area.
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Introduction
Many elders experience cognitive decline as they get
older. They may forget particular steps in a multi-step
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task or may have difficulty concentrating on a task.
Occasional lapses in memory, attention, or decisionmaking are a normal part of aging, but consistent
cognitive problems may be the first signs of progressive
neurological conditions such as Alzheimer’s disease or
its precursor, Mild Cognitive Impairment.
Cognitive decline usually manifests itself first as
changes in an individual’s functional ability, that is, the
ability to carry out everyday activities. In particular,
Instrumental Activities of Daily Living (IADLs) such as
preparing a meal, taking medication, using the
telephone, and doing housework are important for
maintaining independence and require a relatively high
level of cognitive ability to be performed. Assessments
of how well individuals perform IADLs can provide early
indicators for decline and allow for earlier interventions
to prevent accidents and delay institutionalization [1].
Maintaining awareness of changes in functional abilities
and adapting to them is key for successful aging.
However, many elders [7] and even their family
caregivers [4] often are not aware of the subtle
changes in their functional abilities that may be early
signs of progressive cognitive decline. Even
performance-based psychometric testing is not always
reliable due to their infrequency, lack of objectivity, and
reliance on simulated, often contrived tasks.
Ubiquitous sensing technologies situated in people’s
homes can collect and provide information about how
often an individual engages in various activities, e.g.,
[9,10]. However, an even earlier indicator for decline is
how well people perform IADLs [8]. This kind of
embedded assessment [6] technology that can track
the individual steps involved in performing a task and
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can detect the amount of time/effort spent or the
number of errors committed prior to task completion
can provide objective, timely, and ecologically-valid
information. This information enables elders and their
caregivers to maintain their awareness of early changes
in abilities and for clinicians such as primary care
physicians and occupational therapists to make earlier
and more accurate diagnoses of decline.
Yet, embedded assessment sensing systems can
produce an overwhelmingly large amount of lifelog
data. Based on our past work with people with
Alzheimer’s disease, where we examined how to use
salient summaries of recent experiences to improve
recall of the experiences and confidence in memory [5],
we believe that we can similarly create salient
summaries of the sensor data. The challenge is thus to
identify the most meaningful aspects of these data and
create salient summaries that are usable and useful for
elders, caregivers, and clinicians to support their health
goals.
In our work, our goal is to address the following
research questions through formative fieldwork, design
of novel sensing systems, field deployment to collect
real data, and evaluations with real users:
1. Is embedded assessment of how well people
perform everyday activities useful for stakeholders
(elders, their caregivers, and their doctors and
therapists) for reaching their goals?
2. What are the information needs of each group of
stakeholders, and how should meaningful salient
summaries of lifelog data be produced?

3. How can embedded assessment data actually enable
stakeholders to reach their goals and what
information should future sensing systems collect?

Initial Fieldwork
To identify, at an early stage, the potential impact and
usefulness of embedded assessment on elders, family
caregivers, and clinicians, we conducted concept
validation sessions in which we presented scenarios of
sensing systems that were capable of monitoring how
well an elder performs everyday activities such as
taking medications, preparing a meal, and using the
telephone. We also presented stakeholders with
hypothetical data that these systems would have
collected over the course of a year and asked how
these data would be helpful to the various stakeholders
to achieve their respective goals, for example, gaining
awareness of changing abilities, diagnosing medical
conditions, or applying solutions to fix problems.
Addressing research question #1, the results of the
concept validation were positive with stakeholders
expressing that the data from an embedded
assessment system was helpful. Elders expressed that
the data would help them keep track of changes and
make the changes necessary to maintain independence.
Family caregivers said monitoring these “mundane”
tasks gave them a new window into the daily
functioning of their loved one. Doctors said that the
sensor data provided them with more detailed
information they can normally obtain from short
interviews with patients during an office visit.
Occupational therapists found the low-level details
helpful for identifying the particular deficit and applying
the right adaptation to maintain task adequacy.
Clinicians also found it helpful for tracking the effect of
a change in medication or new functional adaptation.
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Current and Proposed Research
After this initial validation of the value of our proposed
sensing system, we are currently designing and
building an embedded assessment sensing system that
will be deployed to collect real long-term IADL
performance data from independently-living elders.
With this personalized data we can further identify the
information needs that each stakeholder finds useful for
support their goals. Based on these information needs,
We will create salient summaries of this personalized
data to highlight the most important features, events,
or trends for each stakeholder.
We are currently integrating various existing sensor
technologies with a wireless infrastructure to wirelessly
sense the individual steps of particular IADLs. We are
developing sensing systems for three particular IADLs
(medication taking, breakfast preparation, and
telephone use) because these are important tasks for
independence, common among elders, reasonably easy
to sense, and most importantly, are already used in
existing scales [2,3,8] of functional abilities.
We will continue to refine the design of the sensors
through a combination of field and laboratory pilot
testing to ensure accuracy and robustness for detecting
the individual steps of the task. We will then deploy the
sensors into the homes of ten elders who live on their
own who may be already experiencing some declines in
functional abilities. Throughout the deployment, the
sensors will be validated by comparing their data with
expert assessors and standard psychometric tests for
cognitive and physical decline. After a baseline period
of 1-3 months, a subset of the participants will receive
feedback about their functional abilities in the form of
an interactive display in their home. Their interactions

with these displays will be logged as well as their
comments about whether it provides insight into their
own abilities. After six months of data, we will present
these data to family caregivers and clinicians and ask
them whether the data is useful or interesting to them.
We will begin by showing them visualizations of the
data very close to the sensor data and apply different
summarization techniques to highlight trends. To
address research question #2, we will use iterative
design to develop visualizations that highlight the most
salient information from the sensor data that each
stakeholder wants. In contrast to the initial concept
validation fieldwork, engaging stakeholders with real
data will enable us to address research question #3 by
observing how the data actually impacts the practices
of stakeholders, rather than having stakeholders only
imagine what they would do.

Contributions
This research provides technical, HCI, and clinical
contributions. From a technical standpoint, we will
develop new sensing technology that can sense the
adequacy—instead of merely frequency—of task
performance. From a HCI standpoint, we will
investigate the information needs of stakeholders of
embedded assessment technology through evaluations
before, during, and after a long-term deployment. From
these data, we will generate and evaluate design
guidelines for making salient summaries and
visualizations for long-term performance data of
functional abilities. This research will also have practical
clinical contributions in the form of novel, objective,
ecologically-valid, timely, and salient measures of
functional abilities that can help clinicians make more
accurate diagnoses of physical, cognitive, or functional
decline. This research can also help elders and their
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caregivers become more aware of changes in their
abilities as they age. These sensors and summarization
techniques can influence the design of future
commercial home monitoring for elders, children, and
smart home residents.
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Introduction
In this paper, we describe our ongoing study of a
nationwide deployment of a pedometer-based fitness
program for middle school students called The American
Horsepower Challenge (AHPC). Developed by Humana
Games For Health and sponsored by The Humana
Foundation, the philanthropic arm of Humana Inc.1,
AHPC is a game that turns everyday walking activity
into a team sport.
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"One of the nation's leading health benefits companies"

parents and teachers. We are investigating whether this
game changes the participants' attitudes and everyday
physical activity levels.

Fig. 1. Illustration of a shoe with a
pedometer

Fig. 2. A horse before and after
customization

The American Horsepower Challenge addresses two
trends: a decrease in youth physical activity levels and
an increase in online and computer-based social play.
Adolescents and teens have adopted increasingly
sedentary lifestyles. As of 2004, 17 percent of
adolescents aged 12-19 were overweight, compared to
just under 6 percent in 1980. Most disturbingly, studies
have shown that overweight adolescents have a 70
percent chance of becoming overweight adults. [1]
Additionally, youth are spending increasing amounts of
their social leisure time online. As of 2007, 93 percent
of American teens reported regularly using the Internet,
64 percent of whom reported actively engaging in social
and collaborative activities online. Videogames are
similarly universal: as of 2008, 97 percent of American
teens reported playing video games, and 76 percent of
them play games with others. [2]
AHPC attempts to leverage youth online activity as a
way to encourage everyday physical activity. Instead of
encouraging physical activity on the individual level,
AHPC introduces competition between different schools
and collaboration between teammates in the same
school, providing other initiatives for the children to
have more physical activity.

Design and Deployment
Fig. 3. School busses on the
racetrack (AHPC version 1)

AHPC takes real-world fitness data and feeds it into a
virtual environment: a road race in which schools (each
represented by a cartoon school bus) compete for
grants from The Humana Foundation that support onsite
wellness activities or services. Each participating

42

student at a given school is represented by a horse
avatar that sits inside their school's bus, and the
relative position of the school buses on the racetrack
correlates with the aggregate step-counts of students in
each school.
To input step-count data, each student wears a footmounted pedometer that wirelessly syncs with a base
station set up in a high-traffic area in their school.
Students' step counts are uploaded to AHPC servers
each time they pass within range of the base station.
Students can log onto the game website to check their
steps, see their school's standing against other schools,
and purchase outfits or 'skins' for their horse avatars as
a function of the number of steps the student has taken.
Students can also update their 'status' and view other
students' updates in a Twitter-like activity stream.
The competition takes place over a four-week ‘heat.’
Thus far, there have been three heats: spring 2009, fall
2009, and spring 2010. With a few exceptions, the
same students have been enrolled in all three heats.
During a heat, students’ steps are counted by the
system and their results are updated continuously. At
the end of the competition, the school that has the most
number of steps wins the competition. The program
began with 78 schools across the United States selected
by The Humana Foundation based on participation in
the National School Lunch Program, a federally assisted
meal program. Sixty-one schools have continued in
AHPC across all three heats of the game.

Related Work
AHPC incorporates features of two related research
agendas within the CHI community: games for health
and pedometer-based fitness interventions.

AHPC takes cues from ubiquitous computing systems
that track and display fitness activity in order to
integrate activity awareness into users’ everyday social
lives. Fish’n’Steps, for example, displays users’ physical
activity levels as fish in a publicly viewable fishbowl [6],
while Chick Clique allows small groups of friends to
share instantly updated step-count leaderboards. [7]
Games for health motivate players to complete desired
actions by making use of video game reward structures.
Players are often rewarded for the achievement of a
particular in-application goal. For example, in the
influential diabetes video game Packy & Marlon [3] for
the Super Nintendo system, players were rewarded
when they managed their character’s blood glucose
throughout a level. Players reported taking more
ownership of their food intake and insulin measurement
as a result.
Other health games focus on the desired physical
activity itself, what Florian Mueller has termed 'exertion
interfaces.' This category includes commercial products
such as Nintendo's Wii Sports and Wii Fit series, as well
as research prototypes like Mueller's 'Breakout for Two'
in which two non-collocated players compete in a
soccer-kicking game via a pair of impact-sensitive
video-walls. [4] By encouraging people to have physical
exercises together, this kind of exertion interface
increases social bonding. In AHPC, we also find
emerging social interactions between peers and
student-parents, but we focus more on long-term and
sustainable behavioral and attitudinal change.

Research
In order to study the effectiveness of AHPC and to
understand the ways in which it affects students,
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parents, and teachers, we have been following
participants since the first heat in the spring of 2009
and plan to complete our observation at the end of this
spring’s heat. We have invited each student and parent
to complete an online survey before the start of each
heat and have conducted site visits during which we
interviewed students and teachers, both in focus groups
and individual interviews.
In our survey design and interview protocols, we have
focused on several issues we believe to be central to a
successful intervention for this age group. We are
looking for any effects the intervention may have had
on students’ overall activity levels, but we are also
interested in any changes in their attitudes toward
exercise and physical activities. We are also interested
in AHPC as a decentralized team activity and ways in
which asynchronous team play have affected students
and parents (e.g., taking walks together). Finally, we
are interested in the ways in which socio-structural
factors associated with the program’s school-based
intervention have affected its differing success in varied
school environments. Through these activities, we have
begun to collect a series of preliminary impressions
under the broad themes of family communication, social
media platforms for health, and integration into school
environment.
Family Communication
Our preliminary results suggest that like similar studies
of ‘games for health’, there are second-order social
effects on intra-family communication. [3] In our visits
to schools across the country, children have spoken
about AHPC, despite being a school-based program,
being a way to connect to busy, working parents who
otherwise are too exhausted to provide the attention

the children desire. The program provides a legitimate
reason for children to talk with their parents a bit more
than they might otherwise, and AHPC may serve as a
springboard for health or fitness discussions between
parents and children.
Social Media Platforms for Health
The student participants we have interviewed, who are
primarily in sixth and seventh grade, self-report as avid
users of social network sites, especially Facebook, and
they have expressed a desire to integrate their AHPC
data into other social streams. As videogames become
more social, and as social media become more
integrated into children's everyday lives, integration
with social media platforms will be key to the future
success of programs like AHPC. However, one should
expect that children will access these resources outside
of the school itself, as the schools we visited had
filtering software that in some cases prevented access
to popular social media sites.
Integration into School Environment
When deploying a fitness gaming program within a
school, it is important to understand the characteristics
of the school itself. For example, our preliminary results
suggest school size impacts how students view AHPC;
some schools are small enough that nearly every
student is given the opportunity to be on a sports team.
Because one of the advantages of AHPC is that it
extends some benefits of ‘being on a team’ to its
participants, its effectiveness in small schools (where it
is much easier to ‘make the cut’ at sports) may be
reduced, at least as currently designed, relative to
larger schools.
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Additionally, the subject taught by the teacher
promoting the game matters for a number of reasons.
Does the teacher have a dedicated classroom (e.g. a
history teacher?) or is the teacher in PE and moving
around the campus a lot? Are the children all meeting in
one class or are they spread across classes?
Additionally, classes with fewer strict curriculum
requirements (e.g. science, history) allowed for AHPC
activities to be integrated into the children's school
activities. When teachers had AHPC children in more
structured classes (especially math) there may be little
room for the teachers to have the creativity/time to
integrate AHPC into the school day.
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presented with a special focus on initial user feedback.
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Introduction
For the past decade, the electronic medical record
(EMR) has gradually been accepted as one of the most
viable approaches to improving patient care [1],
reducing medical error [2, 3], and lowering healthcare
costs [3]. Despite these promising advantages, the
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adoption rate of EMRs, although showing some recent
increases, remains relatively low at about 20-25% [4].
Perhaps one of the greatest obstacles to adoption is the
need for better tools, which integrate a user-centered
design approach, to provide clinicians with a more
intuitive user interface to access clinical information
and resources in a timely fashion [5]. This need has
been particularly magnified in trauma care, where
clinicians often work simultaneously on multiple
complex tasks in a highly dynamic environment under
severe time constraints, which subsequently puts much
higher demands on the usability (e.g. efficiency, ease
of use, tolerance of error) of medical technology [6].
The rapid growth of Electronic and Information
Technology (E&IT) in the past decade can be a pillar to
address this challenge [7]. As a key example, mobile
technologies, including personal digital assistants
(PDAs) and smartphones, which have become
ubiquitous today, are generally portable, lightweight
computers with features such as multimodal user
interface, high-speed wireless connectivity, and
enhanced processing power. Such personal devices
have the potential to provide an optimized interface to
access clinical information anywhere, anytime [7].
This paper presents the implementation of a usercentered, ubiquitous computing application for trauma
care and education: an interactive platform termed
MobileCARE, which has been developed at the Ryder
Trauma Center, allows clinicians to access patient
information in real-time by wireless mobile devices. A
suite of multimedia education videos on trauma and
critical care has been developed and deployed on these
mobile devices as decision-support tools. The
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teleconferencing capability has been implemented to
allow physicians at remote sites to provide teleconsultation and/or tele-mentoring. Particular attention
has been paid to the ease-of-use of the system, with
the example of using innovative user interfaces (e.g.
voice interface) to interact with the system and input
non-structured descriptions. Preliminary results are
presented, with a special focus on the initial user
feedback on the various components of MobileCARE.

Methodology
This section presents the implementation details for the
MobileCARE platform, including the trauma care and
education components, as well as the various user
interface technologies implemented in MobileCARE.
MobileCARE client and patient information
A suite of mobile devices (e.g. smartphones,
PocketPCs) running Windows Mobile platform have
been supported as the MobileCARE client, on which
clinicians can get access to patient information in realtime through the MobileCARE data interface layer to
other large scale EMRs deployed at the Ryder Trauma
Center. The patient information available on the
MobileCARE client includes demographic information,
laboratory results (e.g. pathology, radiology), and other
treatment history reports (e.g. operating room history
reports) that occurred in the trauma care unit within
the last three days. The MobileCARE client also enables
clinicians to document a patient’s status at different
stages by various types of notes (e.g. admission notes,
progress notes) through structured prompts, which is
complemented by open form dictation. MobileCARE is
developed by Microsoft .NET and the MobileFrame
development tool kit.

Multimedia education on trauma and critical care
As shown in Fig.1, a suite of multimedia lectures (e.g.
shock management) on trauma and critical care, as
well as a number of procedural animations (e.g. central
line placement) which demonstrate the process for
performing medical procedures using high quality
anatomic animation, have been developed based on a
learning curriculum defined by the steering committee
at the Ryder Trauma Center and refined according to
the feedback of clinicians.

Fig. 1 Example anatomic view during procedural animation

These multimedia education materials have been
integrated into MobileCARE and can be presented to
clinicians within the right context as a decision-support
tool. These education materials are also available for
residents for their initial learning as well as for
maintenance of their knowledge and skills.
Innovative interfaces to facilitate human computer
interaction
HTC HD2, a smartphone running on Microsoft Windows
Mobile 6.5, is being used as the current Windows
Mobile client device. It comes with a 4.3 inch capacity
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touch screen. It supports a tactile interface which
allows the user to use fingers to interact with
MobileCARE. MobileCARE is capable of presenting
information in various forms (e.g. text, graph);
furthermore, it has the potential to actively alert
clinicians by sending tactile cues (e.g. “new patient
report arrived”).
Voice interface is also supported on the MobileCARE
client device to select menu choices, to navigate
through screens, as well as to input non-structured
descriptions to a transcription service and receive the
completed transcription back through the system in a
timely manner.
HTC HD2 also comes with a 5 mega pixel camera. This
camera, together with a third-party product called
iVisit, has been integrated in MobileCARE to support
teleconferencing for up to four MobileCARE clients. This
communication includes audio, video and still images,
which remote physicians can use to potentially make
timely assessments of patients, interact with local
physicians, as well as provide tele-consultation and/or
tele-mentoring.

Results and Discussion
A number of IRB-approved studies have been
completed to evaluate the user acceptability on the
clinical education and telemedicine components of
MobileCARE. As an example of these studies, a 5-point
Likert scale (e.g. 1-strongly disagree, 3-neutral, 5strongly agree) survey on multimedia trauma education
videos was used to gather usability data from 17 army
training team members rotating through the Ryder
Trauma Center. Sample results are shown in Table 1.

Question

% Agree or
Strongly
Agree
94%

The p rocedural a nimations w ere clear
and easy to understand.
The audio was clear and crisp.
I w as a ble t o understand t he a udio
content.
The g raphics in t he a nimation were
clear and crisp.
I w as a ble t o understand t he g raphics
in the procedural animation.
The animations were relevant to
trauma and critical care.
The p rocedural a nimations w ould b e a
useful reference during patient care.
Table 1 Sample results from usability survey
multimedia trauma care education videos
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A heuristic evaluation of the MobileCARE platform has
also been completed, the recommendations from which
have been used to improve the ease-of-use of
MobileCARE.

Conclusion
In summary, an interactive, mobile platform for trauma
care and education has been implemented, which
enables clinicians to access patient information using
mobile devices. It integrates multimedia trauma
education and supports features such as
teleconferencing and innovative human technology
interfaces. Preliminary studies have shown positive
feedback on the user acceptability of different
components of the system. A larger usability study in a
real-life clinical setting is still needed to generalize
these results.
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New technologies open up possibilities for designing
interactive experiences that can engage and motivate
post-stroke survivors to undertake what would
otherwise be boring repetitive movements. In this
paper we outline a few of the challenges we met as part
of the cross-disciplinary Motivating Mobility project.
These are: the extended ‘user’; autonomy and
motivation; and early prototype studies.
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New wireless and sensor based technologies are
increasingly making their way into patients’ homes, e.g.
as self-care and assistive technology packages. The
drivers for this shift are indisputable when most
developed countries are dealing with an aging
population and rising healthcare costs. Apart from
shifting costs and the burden of care, it can also enable
people to take greater control of their health, including
the management of chronic diseases. The particular
concern of our Motivating Mobility project is with homebased rehabilitation of upper arm movement for people
recovering from a stroke. The focus of this position
paper is to provide a general overview of the project

and to highlight some particular design challenges we
have faced as a cross-disciplinary project team.

Motivating Mobility Project
Strokes are one of the leading causes of severe adult
disability, limiting physical activity and affecting
independence and quality of life. There is growing
evidence that post-stroke rehabilitation exercises can
reduce disability [4] and increase independence.
Effective home-based regimes require repetitive
movements, done regularly and correctly as prescribed
by physiotherapists. However, these exercises may be
practiced incorrectly, and patients can find them
monotonous and frustrating. New sensing technologies
open up possibilities for interactive applications to help
motivate and support rehabilitation in the home.

interviewed people in their homes and in communitybased stroke clubs. We gave participants a range of
probes to complete to access the more intangible
aspects of stroke recovery. We also created a clinical
functional matrix mapping levels of ability against class
of activity (e.g., elbow/shoulder, grasp and release)
and the specific movements that a physiotherapist
might prescribe for a patient. The user case studies and
matrix were brought together into personas, prototype
storyboards and prototypes/toolkit components, which
we took to workshops with patients, carers and
therapists. We are currently working with four stroke
patients, developing specifically tailored applications
they can use at home [2]. We have deployed three of
these to date.

Discussion
The Motivating Mobility project is comprised of
physiotherapists, interaction designers, user experience
researchers, software engineers and electronics
engineers. The overall aim is to prototype devices
where patients can undertake repetitive movements
without necessarily thinking of them as exercises –
think here of being asked to swing your arm 500 times
compared to being asked to play a virtual game of
tennis where the arm swings are embedded into an
enjoyable experience. We aim to realise this through a
personalisable “plug and play” rehabilitation toolkit that
would facilitate the continuation of rehabilitation in the
home and where a physiotherapist, patient or carer can
match appropriate input devices that facilitate desired
movements, with motivating content.
To inform the overall approach we spent considerable
time understanding the experience of stroke patients,
their family/carers and their health professionals. We
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Elsewhere we have talked about the issues in designing
technologies to fit into the everyday spaces of the
homes of patients [1] as well as more general design
considerations [3]. Here, we wish to identify a few of
the challenges we faced in trying to support post-stoke
rehabilitation in the home.
The extended ‘user’ network:
Many discussions of healthcare applications implicitly
work with a model of ‘a patient’. Because stroke
patients live with disabilities that often require support
to meet even basic functional needs, their carers
and/or family members also become core participants
and indeed key enablers. The partners will often be the
ones who have to set up and manage any technology
we put into the home on a day-to-day basis, and for
specific exercise sessions. If the patient has
communication impairments from the stroke then their
partners will also need to assist with this.

Addressing the concerns and needs of this extended
notion of a ‘user’ to include the carer as core partner is
not without challenge. Interviews with carers/partners
indicated that they too went through significant lifestyle
changes as a result of their loved one’s stroke. Many
found this a difficult adjustment to make and all were,
naturally, keen to see their loved ones improve. Carers
were active partners in decision making concerning
rehabilitation practice. For example in one case, a
young mother, who had a stroke following surgery for a
brain tumour, was closely supported by her mother and
the mother was proactive in encouraging her daughter
to participate in our study. Another two of our female
participants were senior citizens with supportive
husbands. These men had to take on household and
other responsibilities that they had not ever undertaken
before the stroke. Stroke recovery, like bereavement
may be an incomplete and lengthy process with stages
of anger, denial and so on for both the person with
stroke and their carers. Wanting things to return as
they were is a natural desire but may be unrealistic and
views and attitudes vary over the course of
rehabilitation. It is a challenge then to recognise and
manage the agendas and concerns of all the
participants, while ensuring that the stroke patient’s
own wishes are respected.
The challenge of autonomy and motivation
Another key issue, and one that differentiates this type
of application from a rehabilitation system in a clinical
setting, is that of autonomy: this is the patient’s home
and they have the autonomy, and indeed the right, to
do as they want. In contrast it is common to hear
language such as ‘patient compliance’, which implies
that the clinician knows best and that the patient
should do what they are told. The motivations for this
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are well-intentioned and easy to understand, e.g.,
when there is evidence that post-stroke function can be
recovered with repetitive exercise [3]. However, the
functional pay-off of repetitive exercise can take some
time. The patient can often be more motivated to do
the ‘wrong’ movement if it means a more immediate
‘good’ outcome, e.g., if they can get the cup of tea to
their mouth even if it means incorrectly lifting their
shoulder to do so. The issue of autonomy then also
requires us to re-think the role of the clinician, in this
case the physiotherapist, to be more of a partner and
expert facilitator. Growing interest in techniques such
as motivational interviewing suggest that this move is
already starting to happen.
Autonomy for the patient here is ‘dependent autonomy’
in reality. While the person with stroke has an
impairment that causes disability, the carer can be key
to how much of a handicap this is. The degree of
autonomy they experience then will be influenced by
the carer and this dependent relationship. As autonomy
is also recognised as an important component for
motivation, it is worth considering how our design
solutions engage and impact this relationship.
While a compliance ‘stick’ approach does not work in
the home setting, understanding how best to motivate
unique autonomous individuals through interactive
technology is non-trivial. The evidence for this becomes
all the more obvious when we are trying, on the one
hand, to develop a tool-kit approach that can be
scalable and flexible, and on the other hand trying to
develop applications for specific people. Even in our
four patients, we found huge diversity and resulting in
prototypes ranging from a book reader to a play toy
that can be used in collaboration with a child, to a

tangible chess game. Identifying the key functional
therapy movements and some candidate technology
components is only the beginning. The real challenge is
to design interactive content that engages, that will
evolve as the patient’s function returns or boredom
levels grow, and that can provide feedback in very
specific ways appropriate to the patient’s personality
and interests as well as clinical needs. Even ownership
of the feedback is an issue as therapists feel ownership
of information about exercises they provide; carers feel
responsibility for exercises carried out; and we see the
person with stroke as the primary stakeholder.

approach will work so the expectations of the patients
and carers need to be very carefully managed. If we
want to leave the technology with the patient after the
prototype study has been completed, there is then the
matter of how the maintenance and repair of early
prototypes are managed in the absence of continuing
resources. On the other hand taking the technology
away, having left it with the patient for three months
and having said it may help, is also very difficult to do.
Patients also expressed a frustration about helping out
with research and then not hearing about outcomes
after their involvement is finished. For many, their
study involvement is not just about being a participant
e.g., for a simple usability test. They want to be part of
making a difference for other stroke survivors.
Designing for rehabilitation at home is a complex multistakeholder process.

From concept to prototype... and what next?
A final challenge, just touched upon here, is the tension
inherent in working with real patients who have real
needs, yet also working with very early technology
prototypes and at a pre-clinical technology-trial stage.
We had frequent discussions in our project team arising
from our different disciplinary perspectives. The
interaction/HCI designers were thinking of the project
as a proof of technology concept that if successful
might go on to a pilot trial. Here success was more
about understanding what types of technologies might
have the potential to work in this setting. The clinicians
were more used to working with developed or at least
relatively stable technologies, even if at trial stage,
where real clinical trials can be undertaken and clinical
outcome measures matter. Negotiating these different
research stages and approaches is another challenge
for collaborative working. Similarly there are different
approaches to data collection and evaluation.

[3] Eggleston, S. Axelrod, L., et al. A framework for a
home-based stroke rehabilitation system. In Proc 3rd
Int Conf on Pervasive Computing Technologies for
Healthcare 2009.

Finally is the question of what do we leave the patient
with at the end? We are not conducting a full clinical
trial and can only look for indicative measures that the

[4] Schreiber, J., Stern, P. A review of the literature on
evidence-based practice in physical therapy. The
Internet Journal of Allied Health Sciences and Practice.
3, 4, (2005).
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Based on field studies of work at the surgical department of a university hospital, we propose ideas for
enhancing the visualization of, and collaboration on,
patient information. As several specialized physicians
are connected to a case for a time period of several
weeks or months, we have identified the need for physicians to quickly visualize only the relevant information
on a case, as well as to add and high-light the information based on their specialization. During distributed
multi-disciplinary team meetings we find advantages of
introducing a shared workspace displaying relevant
patient information and interactive tools to support for
instance visualization, annotation and search.
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Introduction
Highly specialized medical care in Sweden has been
centralized to the regional university hospitals, a
rationale introduced to increase medical care, efficiency
in treatment and to improve the possibilities for
research and education. Patients suffering from severe
diseases, and in need of specialized examinations and
treatment, are referred from the local to the university
hospital. As much as possible, patients are treated at
the local hospital and during the specialized care at the
university hospital the local physician is still involved in
the case. Physicians at the university hospital treat
patients during a shorter period of time, when conducting examinations, diagnosis and treatment. Therefore,
one physician does not have sole responsibility for a
patient, rather, all physicians more or less need to be
able to discuss any patient. An important activity in
specialized care is the multi-disciplinary team meetings
(MDTM), where physicians discuss cases and decide on
diagnosis and treatment. It has been reported that
MDTMs for instance improve clinical decision-making
and communication between specialties [7].
A main challenge is to present patient information in a
way which facilitates for physicians to quickly get an
overview of a case. Previous research projects include
for instance Lifelines2 [8], Persival [6] and CAREVIEW
[5], which explore the presentation of patient
information using a bird’s-eye view and ways of
interacting with patient information.

patient records do not meet users’ needs on interacting
with and keeping patient information. They suggest
tools for annotation and pointing, and large shared
interactive displays, both for personal and collaborative
interaction [2, 3]. Lu & Lajoie have investigated
interactive, shared displays and found that they
enhanced group decision-making, visualization of
patient information and communicative interactions [4].

The setting
The specialized medical care of patients suffering from
severe diseases of the liver, pancreas, and esophagus
has been centralized to the department of upper
abdominal surgery, called Gastro, at a university
hospital in Sweden. Approximately 25 surgeons work at
Gastro and it has, due to the complexity of the
diseases, a close collaboration with other departments.
Patients referred to Gastro follow a process, a clinical
pathway, consisting of four main steps:

Coordination Upon referral, patient information is
reviewed and, if necessary, complemented with new
examinations. This step is to assure that available
information is sufficient for the MDTM in the next step.

MDTM: Consensus meeting and Pre-operative
planning At the consensus meeting all relevant patient
information is discussed and consensus is reached on a
diagnosis and treatment. If surgery is decided, the case
is reviewed at a surgical planning meeting.

Surgery Before, during and after surgery, surgeons
access patient information in order to plan the surgery
and write post-surgical notes.



Another challenge is to introduce collaborative tools in
MDTMs to facilitate case discussions, and sharing and
annotation of information. Kane & Luz have conducted
studies of MDTMs, stating for instance that new knowledge is generated during MDTMs, and that current
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Post-operative meeting A few months after
surgery, patient outcome is discussed during a MDTM,
in order to present feedback on the treatment.


Patient information is continuously accessed and
complemented during the clinical pathway, usually by
different physicians and at different occasions. In the
end, they have produced a full description of the case,
including relevant examinations, diagnosis, treatment
and outcome.
Multi-disciplinary team meetings at Gastro
We have in more detail studied MDTMs at Gastro,
specifically on information structure and time-related
aspects [1]. A consensus meeting usually lasts 60-90
minutes, handles ten cases and is attended by five to
twenty physicians (differences are due to level of complexity of the diseases). As all physicians are not
located in the same hospital building, or even the same
city, video-conferencing and screen sharing is used.

chair (a senior surgeon) makes sure they follow the
meeting structure and reach a decision. Each case
discussion begins with the presenter (a younger surgeon or the referring physician) giving a short introduction of relevant patient information. The radiologist
then presents a radiological diagnosis by showing
images and pointing out specific areas. After the two
presentations, prepared in advance, the chair leads the
discussion. Questions can be directed to a specialist, or
any participant can state his/her opinion directly. At the
end of each discussion, a decision on diagnosis and
treatment must be made, and the presenter later
dictates the decision on the patient record.
The meetings use advanced technology, such as
radiology software and screen sharing, but when it
comes to presenting and searching for patient information, physicians rely on their own memory of the cases.
The presenter and the referring physician are best
updated on the patient, but they are not always able to
answer specific questions, which make MDTMs vulnerable as to whom is present and what they remember.

A clinical information workspace
Our research project has a close collaboration with physicians at Gastro and we have conducted initial studies
during the last three years. Field studies of their work
and MDTMs have led us to propose ideas on collaborative tools to be used throughout the clinical pathway.
figure 1. Consensus meeting Two projectors show radiology
images, controlled by the radiologists in the foreground. The
screen on the top left shows participants from other hospitals.

The different roles of the participants, the work-flow of
the meeting and the way information is presented,
make it possible to follow a clear structure [1]. The
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We suggest a shared, interactive workspace to be used
by all physicians connected to the work at Gastro, i.e.
both physicians at the university and local hospitals.
The workspace would be able to present information
from any patient record or medical database, but only
the most relevant information for a case is kept in the

workspace, such as a set of radiology images, a
description of the patient’s general condition or a plan
on how to perform the surgery. Early in the clinical
pathway there might not be much presented in the
workspace, but as physicians start highlighting
information, adding images etc., the description of the
case evolves. Along the clinical pathway, physicians get
an overview of what has been decided and what is
important for the case, and can add new information
which is relevant at that time. In the end, a complete
description of relevant information for the case, from
referral to sign-off and outcome, is presented. A timeline-based visualization ([8]) would be a natural basis
for presenting both all the current patients at Gastro,
as well as information regarding one patient.
The ideas have been refined in workshops and discussions with physicians and the department director.
They identified opportunities to tackle challenges in
their current processes, such as information hand-over
between physicians, feedback loops during the clinical
pathway and access to relevant information. The ideas
will be realized together with the physicians, focusing
on implementing the shared workspace and collaborative tools in MDTMs. As the MDTM is an activity where a
lot of information is presented, asked for and created,
easy-to-use visualization and collaboration tools would
really be beneficial.
Some of the ideas are based on software design, such
as time-line visualization of patients, case-based
presentation of patients, annotation tools etc. Other
ideas will be more hard-ware-based, for instance
interactive screens and pointing devices. In all, the
tools will enhance collaboration between all physicians
during both synchronous and asynchronous
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communication, as well as co-located and distributed
meetings.
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Emergency medical dispatch (EMD) is integral to
emergency health care provision. It involves interaction
between humans and computers and needs to be
resilient to fluctuating demands. Here we investigate
resilience in the London Ambulance Service control
room. We find it useful to distinguish between Big R
and little r, the former relating to strategy creation and
the latter strategy sharing and reuse. Systems can be
designed to allow for Big R responses to the
unexpected. Little r can facilitate the efficiency,
effectiveness and safety of more mundane tasks. This
distinction can help research studies in resilience for
other health care contexts.
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Introduction
Emergency medical dispatch (EMD) is on the front-line
of emergency health care provision. Its effectiveness
has direct consequences on patient outcome and
quality of care. Emergency resources have to be
directed to incidents in a timely fashion, but these
resources are finite and demand for them can fluctuate
greatly. This is especially pertinent for the London
Ambulance Service (LAS) control room which handles
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approximately 3,800 calls on a normal day [1]. In this
paper we investigate the importance of different forms
of resilience in the LAS control room.

Background
Resilience Engineering is a relatively recent area of
study which is contrasted with traditional approaches to
safety [2]. The rhetoric suggests that resilience looks at
building capacity to deal with the unexpected, whereas
traditional safety looks to make the system robust and
error free against predicted threats. Resilience is
commonly associated with coping with beyond designbasis events, i.e. rare and extreme events that systems
are not designed to handle. A common example is the
9/11 attack on New York which required a response to
something that had never been experienced before.
However, it has also been associated with more
mundane interactions, error avoidance, mitigation and
recovery [3].
We subscribe to the view that unexpected errors can
occur even for mundane interaction, and there is a
constant risk of making these sorts of slips and lapses,
particularly where processes, tools and artefacts are
designed poorly. People will often reuse strategies and
work-arounds to compensate for these poor designs
and circumstances, which we define as resilience at the
little r level. This contrasts with the Big R level which
involves the 'creation' of novel strategies to respond to
a vulnerability or threat. So the crux of this distinction
is on the scale of innovation rather than the scale or
frequency of the threat. In the following analysis of the
LAS control room we see that both are relevant, and
extra clarity can be gained by keeping these two types
of resilience distinct.
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Resilience in the LAS control room
To investigate resilience in the LAS control room this
analysis builds on prior work [3, 4, 5]. The novelty in
this analysis is its focus on resilience and the distinction
we use between Big R and little r.

Distinguishing between Big R and little r
This distinction concerns the leap from established
strategies and actions. Big R is to do with the creation
of a strategy, whereas little r is in the propagation and
reuse of a strategy. For example, in a overly busy
Emergency Department Big R resilience might involve
creatively thinking of using the corridor to extend the
department's capacity to accept patients [6]. However,
Big R would be limited to that first creative step. In
contrast, little r might involve the reuse of this strategy
to increase capacity to cope with other peaks in
demand; it might also involve sharing this strategy with
other hospitals that might find it useful too.
Big R in the LAS control room
There are different modes of control in the LAS control
room: (I) normal routine work, (II) transition to a
major incident, and (III) where a major incident is
declared [4]. These three levels signify an increase in
seriousness and scale of the incident. For example, a
terrorist attack, such as the 7th July bombings in
London in 2005, would entail reconfiguring to (III)
where a major incident is declared. This most extreme
mode means that the team that was dealing with the
escalating incident is moved to a separate room whilst
another team takes over their normal duties. This frees
the team's cognitive resources to focus on the incident,
rather than juggling many different incidents. This team
also has special communication and command lines
which makes it more tightly integrated with the other

emergency service' responses e.g. the fire-brigade and
police. These reconfigurations in structure and resource
allows the incident to be handled flexibly and resiliently,
which is required as the incident is likely to be
unexpected in type, detail and scale. This fits the
observation that “you may not be able to design for the
unexpected, but you can design to allow the
unexpected” [7].
Big R relates to big innovation and these can also occur
to address smaller needs, e.g. thinking of more efficient
or less error prone ways of working. To facilitate this
process a staff suggestion scheme was planned to be
introduced to the LAS between 2000 and 2004.
Little r in the LAS control room
In [3] we described resilient markers that were evident
in the LAS control room. These markers are at the little
r level because they are part of ongoing activities, and
strategy reuse, that dampen error and facilitate
improved interaction. These work within and around the
more formal design of the system; they are identified in
five models [3]:
(1) the physical model concerns itself with the
layout of the control room; an example of
resilience was the physical co-location of
individuals which allowed colleagues an
augmented awareness to prepare for oncoming
demand and better joint working;
(2) the information flow model concerns itself with
the structure of the task and its progress; an
example of resilience was 'buffering' because
the LAS staff were observed to hold on to
information before passing it on to colleagues
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so they were not overloaded or unnecessarily
interrupted;
(3) the artefact model concerns itself with the
design and use of equipment; an example of
resilience was redundancy because a computer
system and a paper based system ran side-byside in case the technology failed;
(4) the social model concerns itself with the social
structure in the system; an example of
resilience was the social hierarchy because
staff with more responsibility had greater
experience through successive promotion so
they could better anticipate and control what
was going on and even fill in for others where
needed; and
(5) the evolutionary model concerns itself with the
development of the socio-technical system over
time; an example of resilience was that new
technological opportunities were exploited to
better cope with increasing demand from the
environment.
Little r relates to little innovation and so will include the
sharing of best practice and reuse of past strategies
that had not been entirely thought of or prescribed by
designers. For example, control room staff used their
initiative to preempt the needs of serious incidents and
send more resource straight away even though this did
not fit the automated system or procedure. One
example of this included a report of a construction
worker falling from a great height. The worker could
not be seen so his condition was classed as 'unknown'
by the automated system, and procedure advised one

vehicle to first attend to assess the situation. However,
the dispatcher foresaw that one ambulance would not
be adequate and sent more resource immediately.

Discussion
Resilience is a useful concept for understanding the
performance in the LAS control room. Past performance
measures have included shortening times to the most
serious calls, reducing excessive utilisation of front-line
ambulances, harnessing available technology, and
making people more effective. Some of these very
grounded measures demonstrate resilience e.g. having
spare capacity in front-line ambulance use to absorb
spikes in demand; however, resilience does not seem to
be referred to explicitly. This may only be a issue when
trade-offs are being made in services, especially where
there is pressure on the service to be more efficient
and effective as this can conflict with being more
resilient, i.e. spare capacity to absorb peaks in demand
may be reduced for efficiency gains.
A distinction between Big R and little r further refines a
resilience view. The Big R involves innovation:
reconfiguring to allow for responses to the unexpected
and having processes to encourage new strategies to
be heard and assessed. The little r involves reuse and
sharing of strategies: to help to dampen error and
provide a balance between working efficiently,
effectively and safely.

device coupled with the work context, and the positive
strategies that clinicians have developed to work
efficiently, effectively and safely with devices i.e.
strategies that compensate for poor designs and poor
circumstances. Big R will involve looking at how these
strategies are created, and little r will involve how these
strategies are shared and reused.
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among urban underserved African American and Latino
populations. Telemedicine has been advanced as a
vehicle to increase access to specialty care among the
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Introduction
Telemedicine involves using computer, information, and
telecommunications technologies to provide healthcare
when the provider and care recipient are in separate
geographic locations. It has been advanced as a vehicle
to increase access to specialty care among the urban
underserved [1-2] yet little is known about its
acceptability among minority populations. The objective
of this study was to explore perceptions regarding
telemedicine among African Americans and Latinos in
South Central Los Angeles, who make up the largest
proportion of the minority populations who experience
the most severe and concentrated types of health
disparities [3]. Much of this disparity in health is
thought to be due to lack of timely access to
appropriate healthcare [4].
Telemedicine has been promoted as an innovative
approach to bridging the healthcare delivery gap
suffered by medically underserved communities. The
role of telemedicine in facilitating increased access to
care has traditionally been framed in terms of its ability
to mitigate geographic barriers. Accordingly, remote
rural communities have been the primary beneficiaries
of telemedicine implementation [5]. However, limited
access to appropriate medical care, particularly
specialty care, is a major challenge for inner city
communities as well. Although telemedicine has the
potential to redress the healthcare delivery problems of
the inner city, there is little in the existing literature on
telemedicine or healthcare in general that sheds light
on perceptions about telemedicine among the general
population and more specifically, urban underserved
populations. [6]. Given that the Institute of Medicine’s
report on the quality of health care has already
identified illiteracy and distrust of technology as
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potential barriers to the delivery of telemedicine in
urban underserved settings, it is important to assess
community perceptions of this technology [7]. In this
study, we examined perceptions of African Americans
and Latinos who have not yet experienced telemedicine
to assess their willingness to try this technology. In
addition to our focus on these two racial/ethnic groups,
we examined differences between elders in these
groups (over 65 years and younger adults (parents of
school-aged children), since these are the two groups
that currently receive reimbursement for the use of
telemedicine services from Medicare and Medicaid.

Methods
We used community-based recruiting efforts, namely,
the distribution of flyers in English and Spanish in
community centers and public housing sites, to invite
African Americans and Latinos interested in sharing
their thoughts about “a new type of high tech medical
clinic” to contact us. When 8–10 individuals from the
priority populations (African American and Latino
parents of school-aged children and seniors) responded
to these efforts, 10 focus groups were assembled in
local community-based settings such as senior centers
and community-based public housing sites. Of these, 5
were African American and 5 Latino groups and 6 were
exclusively parents of school aged children whereas 4
were seniors only groups. In total, 49% of participants
(n = 43) were African American, and 51% (n = 44)
were Latino.
After informed consent was obtained from all
participants, they were asked what the word
“telemedicine” meant to them to see what sorts of
initial associations participants had with the word. After

a 5-minute discussion, a brief video presentation—a
dramatization of an actor, playing the part of a patient,
receiving care for ear pain at a local telemedicine
clinic—was shown to focus group participants. The five
Latino groups were shown a Spanish version of the
same video. In the video, the actor arrived at the clinic
with ear pain that was assessed by a physician’s
assistant who then contacted an ear, nose, and throat
(ENT) specialist using a videoconferencing link. This
ENT specialist was depicted as being several miles away
from the clinic, and he was able to examine the patient
without being physically present in the room by using a
video otoscope that transmitted images of the patient’s
inner ear via the Internet to the specialist. The viewing
of the video presentation was followed by the focus
group interview, which concentrated on the
participants’ reactions to and perceptions about
receiving medical care through telemedicine.
All interviews were transcribed, and all Spanishlanguage transcripts were translated into English by a
professional transcription and translation agency.
Transcripts were reviewed for accuracy and then
analyzed using qualitative data analysis software
(Atlas.ti). Through an iterative process of immersion in
the data and refining the categories, key themes and
theoretical insights were identified and interpreted
collaboratively by the authors.

Results
While African Americans and Latinos, for the most part,
perceived similar advantages of telemedicine, there
were notable differences in the types of concerns they
had about it . Most of the advantages revolved around
the following: (1) reduced waiting time, (2) immediate
feedback as to diagnosis and course of action, (3)
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increased access to specialists, and (4) increased
access to multiple medical opinions. While African
Americans and Latinos, for the most part, discussed
similar advantages of telemedicine, there was greater
variation in their discussion about concerns regarding
telemedicine. African Americans in general expressed
concerns about three issues: (1) the physical absence
of the physician specialist; (2) the ability to monitor the
specialist’s qualifications with telemedicine; and (3) and
privacy/confidentiality issues related to the use of
technology. While the Latino participants were
substantially less concerned about these issues and in
some cases felt very differently about them, they did
express concerns about whether telemedicine would be
made accessible to the uninsured. Both groups also
expressed concerns about the adequacy of the scopes
to accurately diagnose their medical condition. There
were no noteworthy differences between the seniors
and the young parents.

Discussion
The advantages of any healthcare innovation are
usually assessed by potential users relative to their
current experiences of receiving care. This was true
regarding telemedicine for the focus group participant
of our study. Given their underserved inner city location
the study participants overwhelmingly identified timely
access to care as one of the greatest relative
advantages of telemedicine. For these minority groups,
the larger socioeconomic context presents several
barriers in terms of access to and utilization of
healthcare. In the face of such conditions, telemedicine
appears to provide some relatively instant solutions to
issues such as the challenge of transportation to get to
specialist care, lack of timely access to specialists, lack
of timely diagnoses and feedback, and lack of multiple

opinions in a specialist-scarce zone. While participants
in both groups perceived telemedicine as having similar
relative advantages as compared to their current mode
of care, they had distinctly different types and levels of
concern about telemedicine. African Americans tended
to identify more concerns and fewer advantages
whereas Latinos had the opposite tendency.

selecting the best ways in which to implement new
telemedicine clinics. Third, these data will also serve as
a baseline point of comparison for studies that will
examine changes in patient perceptions over time.
Studies with larger samples and mixed methods will be
necessary for a more comprehensive understanding of
the issues touched upon in this exploratory study.

The qualitative racial/ethnic differences in attitudes
about telemedicine-based health care among Latinos
and African Americans point to differences in their lived
experiences and values. While the point of reference
for many African Americans is the history of racism and
medical experimentation and abuse they collectively
have experienced in the United States, immigrant
Latinos encounter the U.S. medical system without this
particular historical backdrop and their point of
reference maybe less than optimal healthcare in their
home countries, along with a generally positive
perception of the American healthcare and medical
education systems. For many of the immigrant Latinos,
access to American health care and especially
telemedicine-based care that is perceived as
scientifically and technologically cutting-edge also
seems to be seen as a positive improvement.
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This paper reports a design project for a remote-control
slit lamp microscope system to support telemedicine.
The system realizes real-time teleophthalmology by
remote control of a slit lamp microscope from a remote
site. The project is an attempt to address regional
problems related to local shortages of medical doctors.
It is also a case study of the development and
deployment of a telemedicine system through humancentered design approaches.

of Medicine and Engineering
University of Yamanashi
4-3-11 Takeda, Kofu 400-8511
Japan
go@yamanashi.ac.jp
Kenji Kashiwagi
Faculty of Medicine
University of Yamanashi
Chuo 409-3898 Japan

Keywords

kenjik@yamanashi.ac.jp

Telemedicine, ophthalmology, slit lamp microscope,
human-centered design

Naohiko Tanabe
Faculty of Medicine

ACM Classification Keywords

University of Yamanashi

H5.2. Information interfaces and presentation (e.g.,
HCI): User Interfaces.

Chuo 409-3898 Japan
tanabe@yamanashi.ac.jp

General Terms
Design, Human factors

Introduction
Regional shortages of medical doctors have become an
important social issue in Japan. Reportedly, Tokyo has
4.6 times more medical doctors per capita than Ibaraki
prefecture, which has the fewest per capita among all
47 prefectures [1]. Particularly specialized physicians––
and especially ophthalmology specialists––are
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becoming scarce in remote island and mountain areas.
Teleophthalmology, an application domain of
telemedicine for ophthalmology, has been studied; it is
useful to ameliorate the situation [2].
Using early teleophthalmology systems, an expert
remote presenter who is trained in the use of the
ophthalmic peripherals, hardware, and software can
capture still and moving images of the eyes and
transmit them to ophthalmologists [2]. Therefore, the
current status of teleophthalmology applications
remains limited to specific purposes such as doctor-todoctor consultation, research, and clinical trial
collaboration, in addition to distance learning for
medical professionals. Furthermore, the indirect
operation of a slit lamp microscope, a fundamental
diagnostic device for the eye, makes it difficult for
ophthalmologists to conduct fine appropriate diagnoses
rapidly over long distances. In asynchronous store-andforward setting, opportunities to find serious eye
problems might be missed.
As described in this paper, we report our teleophthalmology project for designing EyeViewRobo: a
remote-control slit lamp microscope system, which is
used for a real-time telemedicine [3]. We introduce the
system, discuss its requirements, and show the current
project status.

Using the slit lamp microscope, the eye specialist’s
basic tasks include adjustment of the microscope
position using the joystick to find a focal position and to
switch slit types using the knobs on the slit lamp unit to
set an appropriate diagnostic condition. The eye
specialist might use a fronting lens and a blue filter
together with the microscope to conduct additional
examinations. Coordinated use of these special devices
requires great skill and experience for microscope
control in addition to knowledge of clinical medicine.

figure 1. Slit lamp microscope in use.

EyeViewRobo: A Remote-Control Slit Lamp
Microscope System

To resolve this shortcoming, we adapt a slit lamp
microscope for a remote control device. An eye
specialist can operate the remote-control slit lamp
microscope from a geographically remote site and
conduct a diagnosis.

For ophthalmologic examination, a slit lamp microscope
is generally used as a fundamental diagnostic device
(figure 1). The microscope comprises a slit lamp unit
and a microscope unit. An eye specialist adjusts the
microscope-unit position using a joystick.

Figure 2 presents an overview of EyeViewRobo: a
remote-control slit lamp microscope system. The
system has an input and output (I/O) device at the
specialist’s site and a clinical robot at the patient’s site.
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The specialist’s site is assumed to be a central hospital
of a region, such as a university hospital; the patient’s
site is a clinic in a remote area. That clinic is assumed
to have a medical doctor who is not an eye specialist,
or perhaps a nurse who would support the specialist’s
microscope operation and assist the patient.
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Motor controller
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camera

P

Touch screen

E

N
Joystick

Patient
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Eye specialist

Doctor’s terminal

Remote-control
Slit lamp microscope

figure 2. Schematic overview of the EyeViewRobo.

figure 3. Percentages of patients visiting
the university hospital for emergency

The eye specialist operates the I/O device and inputs
the microscope position and slit light parameters. The
I/O device transmits the parameters to the microscope
and the microscope changes its appropriate function
levels. It has a 3CCD video camera to capture still and
moving images. It transmits images over the internet
to the I/O device at the specialist’s site using a Digital
Video Transport System (DVTS) [4]. The DVTS provides
standard definition non-compressed video at 30 frames
per second and requires 30 Mbps bandwidth. The eye
specialist examines the received images using the I/O
device and performs a diagnosis.

services in FY2005 (total: 6,314 patients).
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Motivation: Regional Requirements
Yamanashi prefecture, with a population of about 873
thousand people, is located in central Japan. Although
bordered on the east by Tokyo, it is the smallest
prefecture among all eight metropolitan prefectures.
Most of the land (78%) is mountainous covered by
forests.
Yamanashi prefecture has 60 hospitals and 1,081
clinics, including dental clinics (FY2008). Specifically,
ophthalmology services are provided at 18 hospitals
and 34 clinics. However, most hospitals and clinics are
located in urban areas in the prefecture. Moreover,
nighttime emergency services for ophthalmology are
provided at the University of Yamanashi Hospital only,
meaning that only one eye specialist works the
graveyard shift in the prefecture. In FY2005, 6,314
patients visited the university hospital for nighttime
emergency services. As figure 3 shows, ophthalmology
visits are the second most frequent. Because patients
have no alternative in Yamanashi prefecture, all
patients with eye problems must visit the university
hospital at nighttime, with the associated travelling
time and cost. Therefore, teleophthalmology
applications can provide cost-effective services to
potential patients in the prefecture’s mountain areas.

Project Status
We have been working on iterative design of the
EyeViewRobo system with human-centered design
approaches [5]. The first version demonstrated how the
system is used in the form of a paper-based prototype.
The second version was designed as a rapid working
version of the prototype by modifying current
technologies such as a standard slit lamp microscope.
The third version is a refined version of the prototype

intended for field tests. The current version of the
system is at the fourth iteration stage. It was
implemented for clinical tests at a university hospital
and at a regional emergency medical service center.

Conclusion
This paper presented a remote-control slit lamp
microscope system to support real-time teleophthalmology. Our project addresses regional
problems of a shortage of medical doctors. We are
developing clinical tests both at the university hospital
and at a regional emergency medical service center.
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HCI researchers have explored the implications of
applications that promote wellness in the context of
social units such as friends [2] and coworkers [5].
Other research has looked at how online health
communities can provide social support for people
coping with illness over geographic distances [1]. In my
ongoing work I have designed and evaluated systems
that address wellness in yet another social context: the
local community. I define community geographically,
whereby members are people who live in, work in or
frequent the same general geographic area. In
particular, my research has focused on African
Americans in low-income neighborhoods in Southwest
Atlanta, GA, USA because of the extreme diet-related
health disparities that exist in this context (e.g.
diabetes disproportionately affects this population) [4].
In this abstract, I first overview two systems that I
have designed to promote healthy eating habits in the
local community context: EatWell and Community
Mosaic. I will then briefly describe how through the
evaluation of these systems I am exploring the
implications of helping end-users produce and consume
content in such community-focused health applications.
I offer these reflections as a starting point for
discussion on how researchers can create future
applications that promote health in the community
context.

EatWell and Community Mosaic
I have designed two community-focused systems,
EatWell and Community Mosaic that help people gain
strategies for how to eat healthfully in their local
neighborhoods. EatWell is a mobile phone application
that allows users to create short audio stories
describing how they have tried to eat healthfully locally
(e.g. at fast food restaurants or when cooking at home)
and listen to the stories that others in their community
have created. My three-week field study of EatWell
showed the value of using technology to raise
awareness about the different ways in which it is
possible to eat healthfully within one’s local context [3].
I am currently in the final stages of designing the
Community Mosaic (CM) system. CM differs from
EatWell in that it 1) leverages the mediums of
photography and text to allow people to capture and
convey their experiences with trying to eat healthfully,
2) makes these experiences more publicly visible and
3) provides mechanisms for people to visualize and
react to the content that the community creates. With
CM, people will use their existing cell phones to create
messages documenting how they are trying to eat
healthfully (e.g. by visiting the farmers’ market). These
messages will consist of a photograph and/or a text
description. Once the user sends the message to the
CM system phone number, CM will create a
visualization of this content on a large, public touchscreen monitor. This monitor will be installed in the
lobby of a community center and thus anyone who
walks by the display will be able to view the shared
content, share their reactions and view the reactions of
others.
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In the upcoming months, I will conduct a longitudinal
mixed-method empirical study at a community center
in Atlanta, GA. Through this evaluation I will analyze
how people’s eating habits are actually impacted by
gaining increased access to the experiential knowledge
of others in the local community. Health behavior
theories indicate that the availability of resources for
engaging in healthy behaviors are tied to one’s ability
to engage in positive behaviors [7]. Thus, applications
that make these resources more visible have the
opportunity to be critically useful. Through my
evaluation of this application, I will gain insight into the
relative benefits and drawbacks of my two technological
approaches and subsequently derive implications for
future work. In particular, I will compare the impact of
audio (EatWell), photography and text (Community
Mosaic) as mediums for conveying information about
health resources. I will also examine the impact of
making this information accessible on a public display
(Community Mosaic) versus a mobile device (EatWell).
Thus far, I have described how EatWell and Community
Mosaic facilitate the sharing and visualization of health
information. In the following sections, I focus on the
producers and consumers of that content, and discuss
the importance of 1) considering how to empower users
to share (produce) their experiences and 2) examining
how consuming the shared content affects their healthrelated attitudes.

Empowering Lay Health Advisors
To enable the increased awareness of community
resources, my approach has been to encourage
community members to share their experiences with
others. My approach is similar to the Lay Health Advisor
(LHA) method that is often used in the field of public

health [6]. With this approach, everyday people are
given support to advise others in their community of
how to live healthfully. LHAs are typically encouraged
to interact in-person with community members; in
contrast my research explores the benefits and
drawbacks of a technologically mediated approach. One
potential benefit of taking such an approach is that
technology has the potential to expand the scope with
which people can share their experiences and their
thoughts on how to engage in healthy behaviors.
My approach further differs from the classical LHA
model because CM and EatWell do not provide the
formal training that LHAs typically have for helping
others to live healthfully. Instead, the scaffolding for
what to share and say happens through the social
norms that arise in the community of users, much like
what often occurs in online health communities.
However, while online health communities typically
bring together users from diverse geographic contexts,
my systems support people in sharing experiences with
those in their local communities. Indeed, in my EatWell
user study I found that facilitating the sharing of
experiences in a local community setting is a uniquely
valuable approach. For example, I found that by using
EatWell, many participants felt a sense of community
empowerment [3]. They indicated that the stories that
participants shared inspired a feeling of hope in the
face of the extreme health disparities that exist in their
neighborhoods. This hope was facilitated as individuals
became aware that there were other people, like them,
in their local community who were concerned about
eating healthfully, and who cared enough about
improving the state of African American health to share
their personal experiences with trying to eat healthfully.
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I will further explore the impact of helping people share
health-related experiences in the community setting
through my upcoming evaluation of CM. In particular, I
will more closely analyze to what extent people feel
that they can and are improving the health of their
community by sharing their thoughts on nutrition, and
how such attitudes affect their contributions to the
system.
Like any virtual community dependent upon user
generated content, one challenge that I am addressing
in the design of CM is how to help users feel a sense of
confidence that they are qualified to share their
experiences. As CM publicly displays visualizations of
the content that users share, in my evaluation of CM, I
will examine to what extent these visualizations help
content creators feel a sense of pride in their nutritionrelated knowledge and experiences, and to what extent
the visualizations affect their desire to share
information. Through my work, I will derive implications
for how future research can use technology to facilitate
lay health advising in local communities, and the ways
in which users adopt and react to such applications.

Affecting Perceptions of the Community
In addition to designing systems that empower
community members to share their healthy eating
strategies, I am also examining how using these
systems affects the ways in which people conceive of
their community. In particular, with my upcoming CM
user study, I will study to what extent seeing other
community members’ strategies affects how possible
users feel it is to make healthy eating decisions within
their community. Furthermore, I will also examine how
confident they feel that they can eat healthfully
themselves. These are particularly important concerns

within my target population, as I am studying a lowincome community in which people can face increased
challenges with trying to eat healthfully. However,
beyond my own research, I argue that it is critical that
future work consider how to best address these
concerns because health behavior theories indicate that
believing that it is feasible to eat healthfully in one’s
environment is an important indicator of whether or not
one will actually engage in healthy behaviors [7].

Conclusion
Community-focused health interventions are common
within medical fields such as public health [6]. While
many of those interventions are programmatic (e.g.
educational workshops), I argue that future research
should explore how technology can be leveraged to
promote healthy living in the community context. In
this abstract I described two examples of such systems,
and the initial success that I have shown through my
evaluation of EatWell [3] suggests that this is an
approach with much potential for positive impact. In
addition, I have suggested two ways in which future
health systems can promote healthy behaviors in the
community context: by empowering individuals to feel
confident sharing their experiences for the benefit of
others, and affecting perceptions of how possible it is to
engage in healthy behaviors in one’s community. My
goal is that this abstract will help spur discussion and
future work on designing technologies that promote
healthy behaviors in the community context. I believe
that the resonance of this research with the
community-based approaches used in healthcare fields,
together with the growing interest in HCI to develop
health applications for everyday people, will allow my
work be of interest to the diverse attendees of the
WISH workshop.
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enables parents to log ODLs through input forms on
SmartPhones and automatic collection of sensor-based
data. The system allows for real-time prompting and
feedback to caregivers. This paper describes the
challenges to caring for preterm infants and how ODLs,
specifically those collected by FitBaby, can support
these activities and improve health outcomes.

Keywords
FitBaby, Preterm Infants, Capture and Access

Abstract
Capture and access
technologies to collect and
report Observations of
Daily Living (ODLs) can
strengthen support of
caregivers at home. We
present a mobile capture
and access application for
parents of newborns
conducting in-home
assisted exercise routines:
FitBaby. This system
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Introduction
Over the past two decades, the incidence of preterm
births (born at less than 37 weeks of gestation) has
increased dramatically and in 2002 accounted for 12%
of live births in the US [8]. Premature birth is
associated with long term health impairments including
neurological and cognitive deficiencies, chronic lung
disease, and altered growth patterns of lean, fat, and
bone tissues [6]. Furthermore, in Hack et al’s study,
64% of low birth weight (LBW) children at age eight
demonstrated one or more limitations, including
conditions such as asthma, impaired vision, and

cognitive disabilities [7]. Other studies suggest that an
improvement in care for these LBW infants in the early
months is likely to reduce the incidences and burdens
of their chronic conditions over the lifespan [14, 15].
A primary barrier to care to LBW children is ensuring
the continuity of care from hospital to the home. Upon
discharge, standard procedures are to educate
caregivers about how to care for their LBW infant and
then to discontinue all support and care from NICU
providers to the caregiver and the infant.
Responsibilities for clinical care are transferred to the
child’s pediatrician, who will often request a visit within
the first three weeks after discharge. In addition,
county regional centers have responsibility for
monitoring the progress of these at-risk children after
discharge, but it is common for regional centers to take
up to six weeks to initiate contact with families.

fig 1: information transfer model for ODLs for LBW infants and their caregivers

The
transition to
home can be
very
stressful for
caregivers
(called
parents from
here on).
They suffer
from greater
sleep
deprivation
than
caregivers of
non-LBW
babies,
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because LBW babies have particularly challenging
feeding schedules and needs [16] and sleep for shorter
durations at a time [4]. The physical demands of caring
for an LBW baby is compounded by the stress of not
knowing whether they are properly caring for their
baby. Caregivers are also more likely to experience
depression and isolation from their social support
networks, at least in the short term [5]. The lowered
emotional well-being of parents may impact their ability
to give quality care to the baby.

Related Work
Mobile and ubiquitous computing solutions for
healthcare have become prevalent in both research and
commercial efforts. These systems and applications
have the potential to improve patient care in a variety
of locations for a variety of ailments, improving the
level of care offered and the efficiency with which it is
delivered. In response to this growing concern about
chronic health, major research efforts have focused on
“smart home” technologies.
The increased prevalence of chronic health conditions,
however, is not just at the older end of the lifespan. As
survival rates from acute events in very young children
rise, chronic health conditions in children have also
increased. Thus, researchers have begun to examine
particular issues surrounding chronic health conditions
for children. Of particular interest to this work are
projects related to enabling families to cope better with
the chronic illness of a child (e.g., [9]) and to
documenting early milestones for child development
(e.g., [12]). Findings indicate that families who are
educated about a condition and involved with the
management of it can better cope [3]. In part, this
education may decrease stress and anxiety for the

caregivers as they
become more expert and
involved in the care [10].
These findings also
indicate that greater
education and
involvement in care
correlates to higher rates
of compliance with
treatment regimens [3].
These results mirror
findings with adult
chronic diabetes patients
who showed increased
locus of control and
increased compliance
when better educated
and able to test data
about their health themselves [13]. They also further
support our interest in developing recording and
analysis technologies that will directly involve parents
and their families in understanding and treating the
conditions of pediatric patients.

fig 2: (above) technical architecture for FitBaby system (below) sample
screen of a log entry.

FitBaby
FitBaby is a mobile system for collecting observations
of daily living (ODLs) for premature infants and their
caregivers after release from the hospital. ODL data is
collected by both manual (diary entries, photos and
videos recorded using the mobile phone) and automatic
means (wireless sensors, including scales and crib
monitors connected to the phone). These data are
recorded both on the phone and over the network to
enable clinicians to view data at a distance.
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FitBaby supports collection of ODLs in several ways.
The system generates an alert if a log has not been
completed by a prescribed time. This feature was
found to be very useful during an initial pilot study of
FitBaby and improved the frequency of parents
completing the logs. We are currently developing new
features that will reflect the exercise data back to the
caregiver through simple visualizations. These
interfaces will include glanceable displays [2] on the
mobile phones as well as the ability to “drill down” into
the data on a more traditional desktop platform.
Reflecting this kind of information back to them can
enable greater feelings of self-efficacy and influence on
the health of their babies [13].
This combination of automatically and manually
collected data will enable us to record a significant
amount of information about infant progress without
substantial burden on the families. Furthermore, our
innovative visualizations and reporting to the parents
and clinicians will enable both overview and detailed
reporting on infant progress and development.

Conclusions and Future Work
This work provides multiple significant contributions,
both in terms of research results and the software
systems themselves. First, through interviews and
fieldwork, we have begun to understand the design
requirements for supporting preterm and typical infant
care at home. Second, the FitBaby system itself serves
as a potential model for enabling other computing
researchers to design and develop new related systems
for the chronic care of children. Our current and future
work focuses on the refinement and iterative design of
the FitBaby system and its evaluation in situ through
deployment to families and clinicians of LBW infants.
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There is an increasing need for Human Computer
Interaction (HCI) research in Healthcare Information
Technologies (HIT). In this workshop, we present HCI
research opportunities for mediating communication
between healthcare professionals and their patients
based on our conceptual diagram of HIT. To present the
opportunities clearly, we provide four ongoing research
projects on pediatric asthma management.
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Introduction
Healthcare Information Technology (HIT) is rapidly
growing for improving the quality of public health. It
plays an important role in recording, transferring, and
providing appropriate healthcare information.
Particularly for transferring healthcare information
between medical professionals and their patients, all
relevant stakeholders such as doctors, nurses, medical
sociologists, and technology developers need to better
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understand the human and social aspect of the
healthcare ecosystem. Thus, HCI researchers should
pay attention to interactive systems for mediating
healthcare communication. HCI research can contribute
to engage medical professionals with their patients for
facilitating healthcare communication in effective ways.
In this workshop paper, we present a conceptual
diagram about the role of HIT between medical
professionals and patients since medial professionals’
goals are to improve their patients’ health status.
Based on the diagram, we suggest HCI research
direction including opportunity examples for developing
HIT as communication mediators. In order to present
our idea concretely, we use four ongoing research
examples from pediatric asthma. This domain presents
a good test bed for HIT because asthma is one of the
most common chronic diseases, and children’s
healthcare issues are deeply involved with their
family’s ability to communicate with their physicians..

Concept
Within healthcare communication contexts, a basic
conceptual diagram shows major roles of HIT focused
on two stakeholders, medical professionals and patients
(Figure 1). This diagram aims to explore HCI research
opportunities and future direction in healthcare.
Representative examples of HIT are Electronic Medical
Records (EMR) for medical professionals and Personal
Health Records (PHR) for patients. To collect accurate
healthcare information in EMR and PHR, HIT also needs
to support healthcare communication systems.
Collaborative healthcare systems are necessary for
mediating communication between medical
professionals and patients and are especially important
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in chronic illness management, Therefore, it is critical
for HIT researchers and their collaborators to
understand each stakeholder’s need and consider
human factors and social aspects [1].

Figure 1. A conceptual diagram about the roles of Health
Information Technology

In terms of communication mediation, there are two
different information transfer flows. One is from
patients to medical professionals, and the other one is
from medical professionals to patients. From the
patients’ perspective, reporting their current health
status is key in communicating with medical
professionals. HIT for patients’ health report can
support medical professionals’ decision making process
for accurate diagnosis and appropriate treatment
strategies. On the other hand, after medical
professionals diagnose patients’ health status, they
usually provide lots of treatment information in a short
time. The patient now has to manage information given
by the physician regarding medication prescription(s),
home medical supplies, and daily health monitoring
strategies. Thus, HIT can play an important role in
providing instructions to patients and educating them
with detailed information.

Results: Ongoing Research
The HIT diagram reflects our four ongoing research
projects in pediatric asthma management.
In-depth interviews and technology probes for “PHR”
In order to understand each stakeholder’s need and
develop easy access health systems based on the need,
ethnographic research is necessary. Although asthma
assessment research in medical field is active [6],
looking for HIT opportunities from HCI perspective is
still our assignment since the human and social aspect
of HIT are critical. From patients’ views, what kinds of
technologies are easy to use for asthmatic children’ in
their everyday lives and why? Thus, we conducted indepth interviews with nine families and technology
probes study for four weeks with three families who
have asthmatic children. Finally, in-depth interviews
gave us three implications in developing HIT; managing
asthma triggers by capturing experience, sensing
activities for self management, and inducing collective
efforts to increase asthma awareness. In the probes
study, we found that the level of technological support
should change based on the patient’s disease severity.
Shadowing of healthcare specialists for “EMR”
To understand medical professionals’ needs, we
shadowed them at a local pediatric pulmonology
practice. Since this group of healthcare providers sees
the children with severe asthma, the communication
between parents and physician is especially significant.
Results from the observation indicate the potential for
improving asthma care by leveraging available
technology (EMR) to support physician monitoring of
patients by the introduction of alert systems, the clinic
initiated communication with patients and providing
opportunities for physician reflection on patient status.
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Short Message Service (SMS) system for “Report” by
increasing symptom awareness and disease knowledge
By using mobile technologies, patients can report their
health status to medical professionals anytime and
anywhere. For example, SMS is useful in monitoring
asthma patients’ health status [2]. We are currently
conducting a SMS system study that aims to
investigate whether increased symptom awareness
enhances asthma management in patients and
physicians. During a four to six month period, twenty
children with moderate to severe asthma will receive
asthma symptom related questions and educational
content through SMS from their cell-phones. Based on
their responses to the questions, physicians can
monitor children’s asthma status and take proper
actions. This is the first study that investigates the
effect that communication between scheduled medical
visits has on both patients and physician management
strategies.
Sustainable interactive game for “Instruction”
The goal of giving treatment instructions to patients is
to encourage them to effectively manage their health.
Specifically for asthmatic children, interactive
multimedia games are promising technologies in
educating self-management [3]. However, most
internet-based health educational games are too
instructional and boring for children. Thus, we are
developing a sustainable interactive game with asthma
educators at a non-profit partnership. Our game
reflects asthmatic children’s real life environment for
educating about asthma triggers and medical devices.
Scalability and customization are major consideration
factors in developing the sustainable game since it is
flexible enough that the educational content could be
changed to address other health issues, e.g., diabetes.

Implications for the Interdisciplinary
Community
From our ongoing research experience, it turns out that
collaboration with interdisciplinary communities is
extremely important. These are our three implications
for future HCI research direction in healthcare.
Collaborative formative study: Patient centered
approach is primary in healthcare communication for
chronic illness management [5]. To understand
patients’ need, collaborative formative studies with
medical professionals are one of the best ways for
efficient time management and the quality of the study.
Medical professionals can provide basic healthcare
knowledge that HCI researchers need to know, and HCI
researchers give them new technological tools that can
provide insights on ways to better understand patients.


Tele-monitoring for bridging a communication gap:
Proper usage of tele-monitoring and tele-health is a
major key for effective healthcare communication [4].
Particularly for bridging a communication gap based on
the human and social aspect. Nurses play a pivotal role
because they are, often times, communication
facilitators between patients and physicians. Data
collected via tele-monitoring/health studies can also
provide important insights for the informatics
community and suggest efficient ways of transferring
healthcare information between relevant stakeholders.




Persuasive technology for enhancing selfmanagement: Persuasive technology is significant in
enhancing patient’s self-management skills. For
example, healthcare educators including school nurses,
teachers, and coaches can collaborate with HCI
researchers and instructional designers in providing
useful education methods at the children’s level. In
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addition, it is helpful for developing sustainable
persuasive technology to work with medical sociologists
and social workers because they know how to enhance
social interaction between all stakeholders.

Future work
During the WISH program, we will empower the
research network to improve HCI research in the
medical arena by sharing our research results.
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In this paper, we present a conceptual framework and
a physical prototype of sensor-integrated geometric
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Introduction
Children make significant progress in cognitive, social,
and emotional capabilities as they grow physically.
These early years of a person’s life are crucial for
learning how to perceive and interact with his or her
external environment [1]. During the infancy and
preschool periods, children play with various types of
toys that stimulate intellectual and physical
development. Among such toys, geometric blocks are
widely used by children across broad age groups. These
toys, unlike other toys or games, are well defined for
observing manipulation patterns and developmental
transformations during play. They are also well suited
for enhancing and learning fundamental mathematics,
physics, and general problem solving skills. For these
reasons, geometric blocks are often employed in
education and clinical practice as a play-based tool for
assessing cognitive and learning capability [2]. In
addition, experiments using simple geometric blocks
demonstrated infants’ consistent understanding of how
to rotate objects to make them fit into an aperture
beginning at the age of two [3]. Enabling up-to-date
technology, Mitsubishi Electric Research Laboratories
developed self-described building blocks (MERL’s
blocks), which detect how they are connected to their
immediate neighbors to describe the assembled
configuration [4]. AlgoBlock with a tangible
programming language and Cognitive Cubes are also
examples of technology-enhanced geometric blocks
with computer-human interfaces [5, 6].
In this paper, we present a conceptual framework and
a physical prototype of sensor-integrated geometric
blocks (SIG-Blocks) that provide a novel procedural and
methodological tool for automated play-based
assessment of children’s cognitive and intellectual

82

skills. Furthermore, they are fully individual
homogeneous modules without a specific master block,
and each block communicates with a computer
independently and wirelessly. This paper also presents
an information-theoretic method to analyze the
complexity associated with play, given a set of
geometric blocks. This method is then applied to the
design of a physical prototype.

Children:
Fun toy;
Learning tool

Parents:
Monitoring
device;
Educational tool

Professionals:
Cognitive and
behavioral
assessment tool

SIG-Blocks as an interactive play-based
assessment tool
figure 2. Conceptual overview: SIG-Blocks target three groups
of end-users, children, parents and professionals.

Conceptual and Design Framework
Despite the great potential for wide applications and a
large number of existing end-users, commercially
available geometric toys are not comprehensively
designed for research purposes. Without any built-in
feedback mechanism in these toys, an external device
and/or a person is needed to monitor the child’s
behaviors during the entire play. SIG-Blocks provide
real-time feedback and monitoring capabilities by
integrating state-of-the-art technology, including
sensors and wireless communication. This new
generation of toys will be fun games for children, a selfassessment and educational tool for parents or
teachers, and an advanced research or diagnostic
device for related professionals (figure 2).

figure 3. Images of reattachable cover cards with
4-, 2-, or 1-fold symmetry

In the assessment using SIG-Blocks, a child will be
given a set of SIG-Blocks and a series of goal assembly
configurations to accomplish by manipulating the
blocks. Target information to be acquired during play
include the following: a. overall activities; b. step-bystep completion times; c. assembly or manipulation
patterns; and d. performance changes through
repeated play and/or varying levels of support provided
to a child. Hand manipulations required to play with
geometric blocks are broadly categorized into insertion,
reconfiguration, and assembly. The SIG-Blocks
presented in this paper is designed for assembly tasks.
Play Complexity: In order for SIG-Blocks to be
implemented as an assessment tool, they should be
neither too difficult nor too easy to effectively capture
individual differences. To provide additional
computational data for analysis, we define play
complexity associated with geometric blocks based on
information-theoretic entropy. Entropy is a statistical
tool for quantifying the amount of uncertainty or
information associated with an event that involves a
random variable(s). We first assume that each set of
geometric blocks is intended for a specific type of play
(e.g., insertion, reconfiguration or assembly) and the
final objective is well defined. Then, the play complexity
is defined based on the entropy changes in geometric
blocks during play:
Cplay= Hinitial- Hfinal
initial
where H
is the entropy for a given set of geometric
blocks before play and Hfinal is the entropy computed for
the blocks after a child accomplishes the goal. In other
words, Hinitial implies the amount of uncertainty initially
existing in the blocks and Hfinal is the amount of
uncertainty remaining after play. Thus, the difference
between the two indicates the amount of uncertainty
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reduced, or information handled, by a child
manipulating the blocks to achieve the goal
configuration. The play complexity can be used to
design SIG-Blocks with varying levels of difficulty in
terms of the amount of information required to
complete the task. We note that a higher value of Cplay
implies a more difficult level of play.

Prototype
Hardware: SIG-Blocks consist of four homogeneous
modules. Each block contains a microprocessor, a
wireless communication module, and several sensors
including a tri-axial accelerometer and six optical
sensors. An accelerometer provides rotational
information for each block, and six reflective optical
sensors detect the assembly configuration of the blocks.
Each SIG-Block has a unique ID that enables
communication with the host computer independently.
The blocks presented in this paper are identical to each
other; however, replacing the outer covers with
different shapes or figures can easily change the outer
design of each block. Therefore, SIG-Blocks can be
used for various types of experiments with varying play
complexity while significantly reducing the
manufacturing time and cost. Each block is selfpowered with four 1.2 Volts rechargeable batteries
where the running time is between 4 to 5 hours. The
data collected by the host computer can be read in real
time via wireless communication. 3D graphic models of
SIG-Blocks are displayed and shown along with
collected sensor data in a GUI designed using OpenGL
and C#.
Re-attachable cover images used in the physical
prototype are shown figure 3. These six images are
placed in the surfaces of each block. Using the play

Discussion and Future Work
We presented a conceptual framework and a physical
prototype of SIG-Blocks as a means for a new
automated and procedural method for play-based
assessment. The developed system has been tested in
a laboratory setting to verify technical feasibility. In
order for the proposed technology to be used beyond
the level of currently available assessment tools,
extensive and large-scale experiments would be
necessary.

Wireless
Communication

Real-time
data
collection,
monitoring,
and
analysis
figure 4. SIG-Blocks and the
interactive GUI: The layout and
display components of the GUI
can be easily customized
depending on each use.
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H=log2W, where W is the number of all distinctive
configurations [7]. Depending on the goal assembly
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vary from 10.34 to 22.92.
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screen and shows the real-time rotational movements
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each assembly is recorded on the right side. The graph
at the bottom shows tri-axial acceleration data
simultaneously. The game level can be selected by a
player or an assessor.
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As health communication campaigns enter the realm of
games and virtual worlds, an important affordance is
the ability to navigate a mediated environment through
an avatar. Our investigation explores the psychological
significance of avatar selection and customization on
health outcomes. In particular, it examines how selfpresentation through avatar creation influences avatar
creators’ self-concepts and, furthermore, their
motivation to physically improve their bodies, by
testing two competing propositions: the behavior
confirmation theory and the agency model of
customization. This study employs a between-subjects
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condition in which users are directed to customize their
avatars to be like their desired selves, an actual avatar
condition in which users are directed to customize their
avatars to be like their actual selves, assigned
attractive avatar condition (wherein the user is
assigned an attractive avatar by the system), and
assigned unattractive avatar condition. Expected results
and design implications will be discussed.
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Sundar’s Agency Model of Customization

Behavior confirmation theory [5] predicts that when a
perceiver believes that the target that he/she is
interacting with is attractive, the perceiver behaves in a
friendly way. Furthermore, the expected behavior of a
perceiver changes the target’s behavior. In other words,
when we have an interaction with an attractive partner,
we become very friendly. The attractive partner also
expects our friendly behavior before the interaction and,
in fact, behaves in confident and friendly way during
the interaction. Therefore, regardless of a perceiver’s
behavior, a physically attractive person behaves in
confident and friendly ways, thus conforming to the
perceiver’s expectations. Based on this framework, Yee
and Bailenson [8] found empirical support for the
“Proteus effect,” which can be summarized as follows:
Just as people change their behavior by simply
changing wardrobes in an offline context, the different
looks of avatars will have a significant impact on avatar
users’ behaviors online. In a series of experiments,
they found that when users were assigned to attractive
avatars, they showed higher confidence and higher
self-disclosure. For example, when users see their
really attractive, and then behave in the confident and
friendly way that attractive people are expected to
behave. In addition, when they see their avatars as
being old, they show more positive attitudes and less
negative biases toward the elderly [7]. Like in role
playing, different faces on an avatar influences a user's
self-perception and behavior. Cognitive dissonance
theory [2] and self-perception theory [1] also support
this idea by arguing that the public display of the self
carries over to subsequent private self-appraisals and,
in turn, influences one's public behavior.
The nature of the public display of self was determined
by random assignment in the aforementioned Proteus
Effect study. Some participants were assigned an
attractive or tall avatar while others were assigned
unattractive or short avatars. However, in reality,
avatar assignment is not random and not objectively
attractive all the time. As technologies advance,
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Nature of

interfaces offer sophisticated interactive tools enabling
users to construct richly detailed avatars to represent
themselves. Users will represent themselves in ways
that might reflect their self-schema, but may not be
attractive by an objective measure. They could be
subjectively attractive to the users because they
created them. Therefore, an important conceptual
consideration is the agency afforded to users when it
comes to creating avatars to reflect their own selves.
This would mean that users have a greater sense of
ownership of their avatar. Regardless of how the
created avatars look objectively, avatar users are more
likely to be aware of their own "self" in virtual
environments, which consequently could influence their
private behaviors, particularly health behaviors to
preserve the self.
The agency model of customization [6] emphasizes the
role of the self as a “creator” and “source” for filtering
individual needs and connecting the technological
affordances (interactivity, modality, and navigability)
underlying customization and the resulting
psychological outcomes (i.e., cognitive, affective, and
behavioral). Given that an avatar presents a user’s
sense of self, it is probable that avatar customization
highlights the sense of self more than any other type
customization. More specifically, richer modalities,
including the availability of facial expressions and
movement, facilitate users’ self-representation. In
addition, by providing idiosyncratic features of the
virtual self that are different from others, the user’s
feeling of ‘self as source’ is likely to be heightened.
Furthermore, users have more control over their
interaction with the system and with the avatars that
they create. Identity, control, and involvement are
theorized by the agency model to govern the sense of
‘self as source,’ with significant psychological benefits.
Therefore, avatar creators are more likely to elicit a
strong sense of self-presence, which consequently
influence creators’ cognitive, affective, and behavioral
outcomes. In particular, given that avatar
customization highlights the sense of self, it is likely

that avatar creators would develop a positive
disposition toward self-created avatars, which would, in
turn, motivate their own well-being. In a pilot study,
we found that avatar users perceived higher risks to
their physical bodies upon exposure to a public service
advertisement about skin cancer [4].
Guided by these theories, we investigate whether
assignment of avatars versus user customization of
avatars makes a difference to attitudes toward the
health issue being communicated. Furthermore, we
enquire whether the attractiveness of the assigned
avatar and the design of the customized avatar (actual
vs. desired self) make a difference to users’ sense of
self-preservation.

Method
Stimulus
A health island was created for this experiment.
Modeled after CDC (Centers for Disease Control and
Prevention; http://www.cdc.gov/) in Second Life, the
island disseminates health information.
Study design and procedures
This study employs a between-subjects design
involving 100 participants (25 in each condition) who
will be randomly assigned to one of four conditions: a
desired avatar condition in which users are directed to
customize their avatars to be like their desired selves,
an actual avatar condition in which users are directed
to customize their avatars to be like their actual selves,
assigned attractive avatar condition (wherein the user
is assigned an attractive avatar by the system), and
assigned unattractive avatar condition. The avatars in
the last two conditions were pretested and found to be
significantly different on perceived attractiveness.
As part of the experimental procedure, study
participants explore Second Life, during which they are
teleported to the CDC island, where their avatar is
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greeted by the experimenter’s avatar for an interaction
about a health topic, e.g., sleep disorders, with the
CDC agent (experimenter’s avatar) providing
information about risk factors, symptoms, treatments
and related topics. This is followed by an online
questionnaire measuring their sense of self-presence,
sense of agency, and sense of self-preservation. Once
the participant is done with the questionnaire, the
experimenter asks to take 2 pictures of him/her (one
for whole body, and one for face). Then, the participant
is asked to step out to the waiting room and asked to
select 3 out of the 6 coupons for random drawings for
discounted products (3 healthy ones, e.g., discounts for
yoga class, and 3 unhealthy ones, e.g., discount for
indoor tan service) to measure actual behaviors and
write his/her name on each slip and put each one into
the corresponding box. After the participant leaves the
room, the experimenter debriefs him/her immediately.
For dependent variables, sense of self-presence, sense
of agency, visualization of ideal body, perceived risk to
physical body, and sense of self-preservation will be
measured. Furthermore, to create more valid
measures for users’ sense of self-preservation, this
study attempts to measure users’ behavioral intentions
with self-reports as well as their actual behavior of
picking up coupons related to health services and
products (e.g., discounts for yoga class or fitness
products). For control variables, identification with
avatar, involvement, familiarity with second life, and
body satisfaction using Body Esteem Scale (BES),
Physical Attractiveness Questionnaire (PAQ), Body size
drawings will be measured.

Expected Findings
This study attempts to test two competing theories:
behaviour confirmation theory and agency model of
customization. If customized desired avatar group and
attractive avatar group show higher sense of selfpreservation than customized actual avatar group and
unattractive avatar group, the result shows that

physical attractiveness is key to predicting avatar users’
sense of self-preservation, thereby supporting
behaviour confirmation theory. On the contrary, if
customization groups (customized desired group and
customized actual group) show higher sense of selfpreservation than non-customization groups (assigned
attractive and assigned unattractive avatar conditions),
it means agency is key to predicting avatar users’
sense of self-preservation.

Result supporting behavior confirmation
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Post-traumatic stress disorder (PTSD) describes a
condition occurring as a result of exposure to a
traumatic event (e.g. witnessing a fatal car accident).
While anyone can develop PTSD, it is a condition
typically associated with war veterans. In fact, 30% of
war veterans develop PTSD [2]. Given this statistic, we
have initiated a project to explore the impact
technology can have in PTSD treatment. In this paper,
we discuss our investigation of technologies used to
support treatment of PTSD. Based on this investigation
and conversations with domain experts, we suggest
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opportunities designing interactive systems, which can
address challenges to treatment.

Background on PTSD
PTSD is diagnosed according to the DSM-IV-TR as a
mental disorder occurring when:

Both exposure therapy and CPT involve a writing
component. In the former case, it is used to revisit the
traumatic experience, whereas in the latter it is used to
help the patient re-write his or her beliefs about the
world.

PTSD Treatment Issues
a person witnesses or experiences events that
involve death or serious injury, and



the person’s response is one of intense fear,
helplessness or horror.
Symptoms include intrusive recollection of the event
(e.g., nightmares), avoiding activities, people and
situations that recall memories of the event and hyperarousal (e.g., insomnia).

A number of treatments have been developed to
address PTSD. In our work we focus on cognitive
behavior therapies. In particular we are interested in
exposure therapy and cognitive restructuring. We
chose these therapies because they are considered to
be some of the most effective forms of treatment [1].
Exposure therapy involves exposing patients to the
memories of the traumatic situation to help them
overcome their responses to reliving the event.
Cognitive restructuring or Cognitive Processing Therapy
(CPT) focuses on challenging unreasonable beliefs
patients develop about the world. For example,
someone who experiences a life-threatening car
accident may begin to believe anytime they leave the
house they will experience a life-threatening car
accident.
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While cognitive behavior therapies have been shown to
be effective treatments, lack of patient compliance
reduces the efficaciousness of the treatment [6].
Patients either choose not to seek treatment or do not
consistently attend treatment sessions. Reasons for
this include the difficulty of revisiting traumatic
memories and the stigma associated with seeking
treatment for a mental disorder (especially among war
veterans).
In a discussion with a domain expert from the Seattle
Veterans Affairs (VA) Hospital, we learned palatability
and barriers to remembering are also issues that make
administering treatment difficult. Despite the
effectiveness of exposure therapy and CPT, they both
rely on asking the patient to revisit the traumatic
situation. The expert discussed a desire to make the
therapy more palatable for the patient.
The expert also indicated that helping people make
adjustments in the way they remember the event can
be beneficial. In particular, he cited members of the
United States Armed Forces tend to block out the
negative memories associated with a traumatic event,
which has the effect of blocking out positive memories
as well. He expressed a desire for a means to support
better remembering.

Researchers have developed technologies to address
some of these issues, but we believe there is great
potential for technology to have further impact in this
space.

Technologies Supporting PTSD Treatment
While there have been some efforts to use technology
as part of treatment delivery for PTSD, these efforts
have been largely confined to Computer-Based Therapy
and Virtual Reality.
Computer-Based Therapy
Computer-based therapies typically involve either a
therapist delivering the treatment protocol remotely
(e.g., using video conferencing) or converting the
protocol into a digital form that can be accessed
(without significant involvement of a therapist) through
a CD-ROM on a local PC or over the Internet. For
example, Lange et al. developed and studied a website
in which patients received treatment (e.g., writing
about the traumatic event) and interacted with the
therapist [3]. Similarly, Litz et al. developed a website
for self-managed PTSD treatment [4].
Virtual Reality
The second major type of technology developed for
PTSD treatment has been in virtual reality. VR
experiences resembling the environment in which the
trauma occurred are created for patients to experience.
The VR serves as a form of exposure through which the
patient must endure. Rizzo et al. developed a VR
simulation to support exposure therapy and initially
showed improvement in the patients receiving
treatment through the system.
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Opportunities for Interaction Design
While computer- and VR-based therapies have made
some initial strides toward improving PTSD treatment
delivery, Tarrier et al. found these technologies were
least preferred among patients [6]. We believe there
are many other technologies that could be leveraged to
address the issues of compliance, palatability,
anonymity and remembering.
Mobile and Ubiquitous Computing
In the mobile and ubiquitous computing domain we
posit the use of capture-and-access as well as contextaware devices can deliver treatment in novel ways. For
example, the use of life-logging technologies like the
SenseCam might capture aspects of the event, which
could be used to evoke memories during therapy
sessions.
In addition a just in time (JIT) type of therapy could be
provided at the point when symptoms occur. For
example, if a door slamming triggers recollection of the
traumatic event, ubiquitous devices (e.g., a mobile
phone) might be used to document the incident and
deliver treatment. A more proactive approach might
use devices with GPS capability to deliver treatment
when the patient is in proximity to triggers of
symptoms. In either case, the treatment could be
delivered when symptoms are occurring rather than
induce the symptoms in therapy sessions via
recollection. This approach might address our expert’s
concern for palatability by providing treatment when
symptoms naturally occur.
Storytelling Support
Both exposure therapy and CPT involve some level of
narrative composition concerning the traumatic event.
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Pennebaker found people who write about emotional
trauma show signs of rehabilitation more quickly than
those who do not [5]. We believe the use of
storytelling technologies can provide yet another means
of delivering treatment. Whether providing patients
with a structured journaling experience or a social
network of veterans to develop and share stories with,
we believe exploring more explicit support for telling
one’s story can make a significant impact. The former
could serve as a means to provide self-managed care
that allows anonymity. The latter could address
challenges with compliance and remembering by adding
social support.

Conclusion
We have provided an overview of the challenges
associated with treating PTSD and highlighted some
opportunities for improving delivery of care using
technology. In particular, we underscored the potential
of mobile and ubiquitous computing researchers and
storytelling and narrative technology researchers to
bring their expertise to this problem. In the future we
plan to continue conduct formative design work with
domain experts, therapists, and patients at the Seattle
VA to learn more about what technologies would be of
benefit. Given the number of veterans alone this
condition affects, we expect this work to not only yield
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innovative approaches to treatment, but also make a
significant societal impact.
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Introduction
Prior research has demonstrated that people in general
benefit from social and informational support when coping
with stressful circumstances [12]. These stressful
circumstances are more pronounced when parents receive
news that their child has been diagnosed with a rare
genetic disorder. Stress and uncertainly is compounded
when there is a lack of publicly available information
regarding the illness and when parents lack access to
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others in their local communities who face the same
circumstance. As a result, more and more people are
turning to the Internet in search of health information.
Indeed, Fox and Jones [6] found that 61% of Americans
have searched the Internet for health information;
however, very few are generating new content.
An approach that is receiving considered attention is
participatory design (PD). PD is a design methodology that
is aimed at the development of socio-technical solutions to
real-world problems that groups, organizations, and
communities face. Recently PD has been successfully used
to develop health information systems [4, 10]. In this
research-in-progress, we used PD in a service-learning
project in order to partner with a local family to develop a
global online environment.

MECP2 Duplication Syndrome Community
MECP2 Duplication Syndrome is a rare genetic neurological
disorder for which there is currently no known cure.
Symptoms include severe physical and mental
developmental problems along with a number of other
complications, including daily seizures.
Pam Albert’s son Braden was diagnosed with MECP2
Duplication Syndrome in 2007. When Pam was presented
the diagnosis, she attempted to search the Internet for
information on the disease. However, she became very
frustrated by the lack of public knowledge that existed
online.
Pam envisioned providing a way for parents with children
who are affected by MECP2 Duplication Syndrome to
communicate with each other, learn more about
symptoms, and explore possible treatment options. To
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achieve this goal, Pam and a friend developed a website to
support the exchange of information regarding MECP2.

The Methodology of Participatory Design
The methodology of participatory design (PD) originated in
Scandinavia during the 1970s labor movement as a way to
empower workers by involving them in the design of tools
and artifacts [5]. During the same time, an action research
inspired version of participatory design was developing in
the UK [9]. The PD movement entered the North American
discourse on human-computer interaction during the 1990s
[2].
We prefer an approach that resembles its predecessor,
participatory action research. According to the literature,
PD shares five characteristics with participatory action
research: (1) a problem focus; (2) collaboration between
the researcher and user; (3) an action or change
orientation; (4) empowerment; and (5) an “organic”
process involving systematic and sometimes iterative
stages [1, 11]. The most widely cited form of participatory
action research [11] details a five-phase, cyclical process:
diagnosing, action planning, action taking, evaluation, and
specifying learning.

Applying PD to Develop the MECP2 Website
Diagnosis
We began the PD process through one-on-one discussions
with the primary stakeholder, Pam Albert, in order to
collaboratively define the problem. Through these initial
discussions, we learned that Pam was dissatisfied with
version 1.0 for three reasons. First, this initial version was
not scalable due to the unforeseen increase in diagnoses
worldwide. Second, the website was not very easy to
update. Finally, a comments section was used to facilitate

discussions. Therefore, the solution was a complete
redesign of the site.
In order to develop a solution that was sustainable, we
emphasized user participation throughout the design
process. According to IS participation theory, participation
in system development facilitates systems and
implementation success [8].

Action Planning

Pam and her husband, Scot, were involved in the process
from beginning to end. The students asked their opinions
and included the Alberts in all decision making aspects. In
addition to the numerous e-mail exchanges between the
Albert’s and the students, they also met on two separate
occasions and had a follow-up meeting. At the conclusion
of the project, the Alberts were given a walk through of all
proponents of the site and instructed on how to make
updates and changes.

The action planning process relied solely on low-fidelity
prototyping. Students used index-card prototyping, which
is often used during website development. Using 3 x 5
index cards, students constructed three very different
interfaces. After receiving feedback, students refined the
prototypes. Next, the students constructed three very
different higher-fidelity prototypes using Adobe Photoshop.
Based on continual feedback, the process continued in an
iterative fashion until the Alberts agreed on a suitable
prototype.

The Albert’s are extremely grateful that they were able to
partner with the University on this endeavor. They were
impressed with the students’ dedication and follow-through
and are finding the website to be very user friendly. The
Alberts learned a great deal by being directly involved in
the process. The knowledge they acquired by working so
closely with the students is now helping them maintain the
site with little to no problems.

Action Taking

The use of a service-learning group project was very
rewarding. The opportunity to aid an actual community
that faced a real-world challenge provided an excellent
context to explore information systems development and
design. Students were able to develop and implement a
working application over the course of a semester. This is
supported by research that suggests that students involved
in structured service learning benefit from increased
academic achievement, academic engagement, and civic
responsibility [3, 7].

In order to facilitate control and ownership, Pam acquired
web space from a hosting provider that would support
Joomla. Next, rapid prototyping was used in order to
develop the final application.

Outcome
The redesigned system was implemented successfully. The
Albert family was positively impressed with the
development process and the solution outcome [see,
http://www.mecp2duplication.com].

The Designers’ Initial Experiences

The iterative design process discussed in class was clearly
mirrored in the development of the site. The cyclical
process of gathering feedback and modifying designs
affected every aspect of the site including custom graphics

Initial Experiences
The User’s Initial Experiences
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and navigation verbiage. This project has given the
students a better feel for the role of a technical
professional. Their involvement throughout the entire
lifecycle of the project, from initial requirements gathering
to stakeholder sign-off, provided them with an invaluable
experience that will help prepare them for the IT
workforce.

Discussion
PD is a viable alternative combining systems development
and health informatics in a way that allows users to shape
the development of the technology. We predict that
participation in the MECP2 Duplication Syndrome online
community will improve the social and information support
among parents and caregivers. Therefore, an area of
future research is to empirically explore these
relationships.
Several implications can be derived from this research.
First, it is important to include a medical professional when
developing health information systems. Second, socially
relevant projects can be used as service-learning projects
in order to enhance IS education.
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Background
Many low-resource countries suffer from a critical
shortage of health workers. In order to best address
this situation, health planners and leaders require
accurate information about health worker cadres,
qualifications, deployment, and unfilled vacancies.
Ideally, this information will be captured and
maintained in a human resources information system
(HRIS) that links all human resources (HR) data from
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the time health professionals enter pre-service
education until they leave the health workforce. Many
countries use an HRIS but rely heavily on data that
exist in paper form and are stored in different agencies,
making data difficult to aggregate and analyze.

and Internet access and unreliable electricity supply. In
addition, there are often extremely modest budgets
dedicated to HIS strengthening, such as funding for
equipment procurement, which may fluctuate rapidly
based on donor interest.

IntraHealth International, through the USAID-funded
Capacity Project and the follow-on CapacityPlus project,
supported HRIS strengthening in twelve countries:
Botswana, Ghana, Kenya, India, Lesotho, Namibia,
Pakistan, Rwanda, Southern Sudan, Swaziland,
Tanzania, and Uganda. Based on in-country experience,
IntraHealth created a participatory HRIS strengthening
process to build stakeholder leadership; assess,
integrate and improve existing systems; develop HRIS
software solutions; effectively use and analyze data for
policy and management; and ensure sustainability and
continuous improvement. IntraHealth also developed
free Open Source software products—the iHRIS Suite—
for use in low-resource countries to supply health
leaders with the information they need. Because the
iHRIS products are Open Source, anyone can use, copy,
share, or modify them without paying a licensing fee.

Other challenges are based on limited computing skills,
limited experience in data-driven decision-making, and
few available and qualified local information technology
(IT) administrators. These issues are further
compounded by limited local HR management
experience. Finally, there is a need to adapt an HIS to
existing paper-based processes to avoid drastic
changes in daily use.

IntraHealth’s experience strengthening HRIS is
applicable to strengthening other health information
systems (HIS). Below are challenges and strategies
based on our findings to implementing and
strengthening HIS in low-resource settings.

Low-Resource Setting Challenges
There are several factors that characterize a lowresource setting that need to be addressed when
developing a successful and sustainable HIS. Some of
the technological and infrastructure limitations are
immediately obvious, such as inadequate mobile phone
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It is an unfortunately common occurrence in lowresource settings that an IT solution is adopted and
then dropped when donor funding ends. Therefore, IT
solutions that only address the technological issues
while ignoring the human side of things will likely fail.
Each of the recommendations below directly addresses
at least one of these challenges with the end goal of
creating a sustainable and useful HIS.

Strategies: Working with People
An essential component of a successful and sustainable
HIS is establishing a stakeholder leadership group
(SLG) to lead, coordinate, and provide oversight for all
HIS-strengthening activities. The SLG should be
moderate in size and composed of governmental and
nongovernmental representatives who will be
providing, using, and making decisions based on the
data being collected in the HIS. A smoothly functioning
and communicating SLG that takes ownership of the
HIS ensures it is properly resourced and encourages

further development and improvement. In April 2009,
IntraHealth published the HRIS Strengthening Toolkit,
which goes into detail about establishing an SLG. [1]
To enable the SLG, as well as its representative
organizations, to use the HIS effectively, it is often
beneficial to provide training in the understanding and
effective use of data. With the wealth of new data that
will come with the HIS, training in data-driven decisionmaking empowers local management and policy
makers, increasing local ownership and value of the
HIS. [2]
In order to have meaningful data, the stakeholders
often have to go through the time-consuming process
of standardizing data and models with existing
processes in mind—for example, adopting the
International Labour Organization’s International
Standard Classification of Occupation (ISCO) job codes
for HR job classification [3]. Adoption of standards such
as ISCO codes aids in reporting and analysis. The
involvement of the SLG helps to ensure adherence to
standardized data sets among the various
representative organizations.
In some instances, a step-solution is preferable to
implementing a mature software system: first there is a
transition from a paper-based system to electronic
records, at which point data consolidation and cleansing
can occur before moving to a standards-based HIS.
Often the existing technological capacity of in-country
IT professionals will not meet the long-term
requirements for maintaining an HIS. Thus, efforts
should be made to develop the local technical capacity.
This might involve working with a nearby university to
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provide local and remote training in the applicable
technologies, which can have direct impact on HIS
success and sustainability. Another possibility is to
leverage skills already attained by improving the
interoperability between the HIS with an existing,
related information system.
On a broader level, low-resource countries are not
working in isolation and are often addressing similar
needs. Hence, it is important to foster regional and
global communities between these countries.
Developing and strengthening these communities
provides opportunities for “South-South" collaboration
in dealing with issues in both policy and technology. [4]
Finally, one should look at practicing openimplementation. Project management often becomes
quickly complicated due to the diverse requirements of
the SLG as well as the donors. Open discussions on a
phased implementation to meet these requirements
decrease misunderstandings and keep expectations
realistic. Sharing of information about relevant and
related projects increases opportunities for
communication and collaboration. Making
implementation documents and details publicly
accessible also creates an opportunity for collaboration
with other related information systems.

Strategies: Working with Technology
Many of the technological challenges can be addressed
with a coherent, phased and scalable implementation
strategy with appropriate software and hardware
components. Simply transferring data models and IT
solutions used in high-resource settings is often
ineffective. In particular, commonly used data models

often assume high connectivity, which is seldom the
case.
Often, Open Source software will be an appropriate
alternative solution as it avoids vendor lock-in and
creates the opportunity for local development, and
therefore increasing sustainability. In particular,
modular Open Source IT solutions increase code reuse
among similar HIS. For example, a training module
developed in one country can be modified and used in
another. Particularly with Open Source, stakeholders
should be cautious not to introduce a plethora of
different technologies which increases the learning
curve and can reduce the ability for local developers
and administrators to take ownership of their systems.
One should also look for IT solutions whose
implementation has a scalable complexity so that
immediate benefits and customizations can be obtained
with limited skill sets while at the same time providing
a path to further development.
Finally, procuring a large central server is often
assumed but may not be an appropriate solution for
many countries as it could overburden an already taxed
system with the additional need for IT support
personnel as well as reliable power and climate control.
Moreover, you would also need reliable Internet access
in order for remote districts to connect to the central
office. Rather, stakeholders should look to an appliance
model which is an inexpensive, small computer that
requires minimal maintenance.
Such appliances can be distributed throughout the
region, thereby providing access to the HIS even in the
case of limited connectivity to a central office.
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figure 1. iHRIS appliance loaded with the iHRIS Suite

Where We Are Going
In addition to the continued development and
implementation assistance, IntraHealth is currently
undertaking two projects to provide a clear foundation
for implementing an HIS in a low-resource
environment. The first is to develop a costing model to
determine the real cost of Open Source solutions to
provide an honest assessment of needs for long-term
sustainability. The second, under an initiative of the
Health Metric Network at the World Health
Organization, will provide a reference framework for
HRIS.
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Personal health records (PHR) maintained by patients
and their families offer one solution for ensuring
accurate and comprehensive health records even in
health care systems that lack comprehensive
interoperable standards for data storage and exchange.
They can be desktop-based, Internet-based, or mobile
(e.g., phone-based or located entirely on portable
storage). They can be linked to Electronic Medical
Record (EMR) systems, which are provider-owned and
operated or stand-alone. These records are created and
monitored by the patients themselves, typically without
the substantial restrictions and limitations of paperbased, centrally located medical records. If properly
maintained and up-to-date, these systems can help a
patient communicate important health information with
clinicians, saving both patient and clinician time.
In this work, we set out to understand the particular
challenges limiting the adoption and use of PHR
through a systematic evaluation of three Internetbased PHR systems. Recognizing, however, that many
hospitals and clinics lack the resources to conduct
substantial usability evaluations in practice, we
explored the use of heuristic evaluation (HE) [2] for

PHR through the use of two separate heuristic
evaluations, one using Nielsen’s original ten heuristics
and one with a modified set created by us for HIT
specifically. We compare the results using our modified
heuristics with the traditional set.

Related Work
Usability testing of information systems has been a
known benefit for decades. The cost of conducting
extensive usability tests depends on the number of
end-users, the site, and the process of the evaluation.
This cost can grow quite large when considering
complex medical systems. Thus, it is important to
consider methods that are lower-cost, such as
“discount” usability methods. Discount methods, as
originally articulated by Nielsen and others, include
scenarios, the think-aloud method, and heuristic
evaluations. In this work, we were particularly
interested in the potential applicability of heuristic
evaluation (HE) to HIT. HE is a “discount” method for
low-cost evaluation of an interface. The standard
method involves a small set of evaluators (typically 3 to
5) who “inspect” the interface for issues of noncompliance (bugs) with a set of standard known
usability principles (heuristics) [6]. A benefit of
performing heuristic evaluations rather than other
discount usability techniques is that these evaluations
do not require end-user participation. Interfacing with
potential end users—including both patients and
clinicians—can be a substantial burden for HIT, thereby
making HE an appealing choice.
Although heuristic evaluation has been shown
repeatedly to be useful for uncovering usability
problems for many types of applications with only a
minimal number of evaluators, the original ten
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recommended heuristics may not always be adequately
applied to particular systems. Such is the case for both
Baker et al. and Mankoff et al., who not only applied
heuristic evaluations to computer supported
cooperative work (CSCW) and ambient displays,
respectively, but also modified and used a different set
of heuristics than Nielsen’s original ten to fit the
evaluated system [1, 4].

Methods
We evaluated three specific PHR systems: Microsoft
HealthVault1, Google Health2, and WorldMedCard, now
known as WorldHealthRecord3. These were chosen from
a field of dozens based on the following criteria:
•

Available to the public, not just patients of a
particular healthcare system (e.g, Blue Cross or
Veterans Affairs)

•

Internet-based

•

Mix of familiar and less known corporations

Following the work of Baker et al. who applied heuristic
evaluation to CSCW [1] and Mankoff et al. who applied
the technique to ambient displays [4], we were
interested in whether and how heuristic evaluation
might be used for HIT, in particular for PHR.
While heuristic evaluations are a useful means for
obtaining feedback about interfaces, the general
heuristics originally provided by Nielsen4 do not
necessarily apply in the HIT realm when considering
1
2
3
4

http://www.healthvault.com
http://google.com/health
http://www.worldhealthrecord.com
http://www.useit.com/papers/heuristic/heuristic_list.html

PHR. For example, there are multiple simultaneous
functions and users of a PHR system. Furthermore,
multiple individuals—parents of a sick child for
example—may modify records for a single patient at
once. Ensuring that all information is synchronized
across users and views, however, is imperative to the
usability and usefulness of these systems as well as to
the health outcomes of individual patients. As another
example, Nielsen’s original heuristics emphasize the
interface notifying users of any errors generated
through the system. This heuristic, when applied to
PHR, tended to uncover only technological errors.

into each of the PHR systems to evaluate the specific
system based on their assigned heuristics—either a
modified or the original set of heuristics. For each
heuristic, experts documented how they believed the
heuristic and the actual system matched up. The
evaluations lasted approximately 90 minutes. At the
end of each evaluation session, the HCI experts were
encouraged to give general feedback regarding their
perceptions of PHR systems. After scoring the results
for each heuristic evaluation, we further assessed the
differences between those bugs and usability problems
uncovered with each set of heuristics.

In medical systems, however, many errors are
technologically acceptable but medically problematic.
For example, Koppel et al. found that in computerized
physician order entry (CPOE) systems, systems in
which physicians can enter medication orders into a
computer, medical personnel regularly depended on
CPOE displays to indicate what the effective minimum
dosage of medication should be for the patient.
However, CPOE displays would show dosages that were
not based on clinical guidelines, but rather pharmacy
warehouse purchasing decisions, leading to errors [3].
To address the need for medically relevant usability
evaluation, we developed a set of modified heuristics to
be used in our evaluation of PHR. We first modified
Nielsen’s canonical heuristics and then added two more
to fit the needs of health technologies.

Results

We conducted two distinct heuristic evaluations. Five
HCI experts evaluated the PHR systems based solely on
Nielsen’s set of heuristics. Five other HCI experts
evaluated the PHR systems based on the modified set
of heuristics. In both cases, each HCI expert also had
the end-user task list for reference. The expert logged
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Our Heuristic Evaluation comparison results indicate
that although HE with Nielsen’s ten recommended
heuristics does in fact uncover many usability bugs,
slight modifications to these heuristics perform better
with the same number of evaluators.
To assess the ability of our heuristics to uncover
usability bugs in PHR, we calculated the number of
unique bugs found with the addition of each evaluator.
For each case, beginning with the first evaluator until
all evaluators were summed together, we calculated the
number of distinct usability bugs—that is, only bugs
that had not already been accounted for by a previous
evaluator were added to the total. Five expert
evaluators using the modified set of heuristics were
able to identify more unique usability bugs (45) than
eighteen end-users in lab testing (44). Although the
modified set of heuristics were built upon the original
Nielsen ten and explicitly only modified slightly, there
were still usability problems found by the modified HE
that were not found with the original set (see Figure 1).

Our use of multiple heuristic evaluation techniques,
using both traditional and modified heuristics, provide
an example of how HIT may be effectively evaluated
bearing in mind both standard usability and usefulness
criteria as well as medically-relevant concerns.
Furthermore, this approach of using modified heuristics
can aid in evaluation of other HIT systems, an area for
future work.
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Figure 1. Comparison of unique bugs found across all systems
per quantity of evaluators for each set of heuristics.

Conclusions and Future Work
PHR have enormous potential for empowering patients,
increasing patient-provider communication, and
tracking and monitoring health and wellness over time.
Tracking these data over extended periods of time have
the potential to provide baseline data, making detection
of decline more efficient [5]. Furthermore, regular use
of PHR can be beneficial in critical care situations, such
as a trip to Emergency care, providing up-to-date
information for a patient who may not normally be seen
at the hospital that is currently providing treatment.
Like any novel interactive system, before successful
adoption can occur, however, the substantially
challenges to usability and usefulness present in these
systems must be addressed. Our results reinforce the
need for integrating traditional and more recently
developed methods from the HCI literature into the
field of medical informatics, in particular in light of
designing online systems for the general user
population, such as PHR.
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Introduction
There is growing recognition that applications should be
designed to better match the needs and activities of
individual users, rather than provide a “one-size-fitsall” usage model. It is especially important to consider
user variation when designing applications in the
healthcare domain, because an individual’s health
condition can make it significantly more difficult to use
certain designs. In contrast, a design tailored to an
individual can provide significant improvements in
usability [2].
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Follow the path
straight ahead

Take the path
slightly to your right

Follow the path
straight ahead, then
take the next left

Turn around

Researchers, including ourselves, have observed the
need for customizable and adaptable design to support
individuals with cognitive impairments in wayfinding,
the process of traveling from one location to another
[1,4]. Each individual's unique combination of abilities
and disabilities creates a “universe-of-one” situation [3]
where certain types of guidance may be understood
and helpful while others may be confusing and even
detrimental in wayfinding. A good design must
therefore take into account such wide variation in
potential users’ ability to follow different types of
wayfinding directions (see Figure 1 for examples) in
different contexts, as well as their preferences over the
presentation of directions.

given directions the same way. Missing is the notion
that some directions may be more difficult to follow for
an individual, and subsequently that some routes
consisting of such directions may be as well.
To overcome these limitations, we chose a framework
by which we can incorporate individual user preference
into wayfinding decisions as costs in a Markov Decision
Process (MDP) [6]. This allows us to not only model
preference for one type of direction over another at the
same location, but to also compute lowest-cost routes
from starting location to destination [5]. In related
work, researchers have studied route preferences by
observing expert drivers under the assumption that
certain routes used by experts may be superior [7].

The Importance of Customization

Follow the path
Follow the path
straight ahead, then straight ahead
toward the fountain
take the second
right you come to

Go toward this
building, then turn
right

Follow the sidewalk
toward the lawn,
then take the next
left and cross the
crosswalk

Figure 1. Examples of direction types
that differ by description of locations
and message complexity

Current wayfinding supports assume a simplistic,
default user model that takes little to no account of
individual user preference. Written directions are
worded without regard for how a user prefers to
identify locations, so a person who prefers navigating
by landmarks may find directions that refer solely on
street names to be unhelpful. Maps can include labels
for both streets and landmarks, but since space is
limited, users are left with only the labels the map
makers chose. Both are often difficult to follow by
individuals with cognitive impairment because
associating the physical environment with the symbolic
labels is cognitively challenging.
Current navigation devices that use the Global
Positioning System (GPS) also have poor support for
user preference. Though they dynamically route a user
based on current location, routing choices are limited to
a few static options such as “fastest” or “avoid toll
roads,” under the assumption that all users respond to
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Adaptation to Complement Customization
We believe supporting customization can produce a
better user experience for individuals in wayfinding,
however it is not without challenges of its own. One
such challenge is in eliciting those preferences. Selfreport may be sufficient for some, but there are many
individuals with cognitive impairments who may not
have formed opinions about the different choices
available, or who have difficulty communicating them.
We could give the latter type of individual examples to
rate, ideally in situ with a trial route. The problem is
that due to the physical nature of wayfinding plus the
time and effort involved in performing a trial route, the
number of data points / preferences we can gather will
be relatively small. Thus, there is a risk that a trial
route is insufficient for gathering data representative of
an individual’s actual preferences.
A reasonable approach is to use trial data to seed a
user model and incorporate subsequent observations of

wayfinding success and failure. We can then adapt
models with additional data, and also learn participant
tendencies or capabilities rather than simply
preference. From the modeling perspective, we want to
develop a model that can compute direction difficulty,
the likelihood of a successful outcome when a user is
presented with a certain direction, based on
observations of a user in wayfinding.

Learning a Model of Difficulty
To test the feasibility of learning a difficulty model, we
collected observations via a user study with 10
individuals (7 male) with cognitive impairment who
were tasked with following a sequence of directions
given by a prototype wayfinding application. The
prototype ran on a Nokia N95 phone and supported
audio, text, and image display (see Figure 2). Each
direction was given as a participant approached an
intersection of the predetermined route. We noted
whether the participant followed each direction
correctly, expressed confusion, or requested help.

Figure 2. N95 8GB phone used in
our study. The keypad was divided
into four input areas to request help
(alternate direction), repeat
directions, and switch between a
photo-based direction involving a
turn and a view from the turn facing
the correct orientation (to
disambiguate turn location).

For the analysis, we labeled each direction given to
each participant as being difficult if the participant
incorrectly followed it, showed signs of confusion, or
used the Help button to request an alternate direction.
We created a set of features, informed by this and
previous studies, to describe each direction and then
used linear regression to calculate several individual
difficulty models. We used different training sets to
train the models because we expected that a model
trained on observations from only a single individual
would overfit the relatively small number of data
points, much like a single trial run might not yield a
representative model of individual preference. The
different models were:
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Only p: Each individual’s observations were split
into training and test sets, and linear regression was
performed on the training set



Train: Each individual’s model was trained on all
other participants’ observations

Train + 1x p: Each individual’s model was trained
on the union of the Only p and Train training sets



Train + 2x/4x/8x/10x/20x p: Similar to Train + 1x
p, but the individual’s observations (their Only p
training set) were weighed more heavily by being
included 2/4/8/10/20 times, respectively

Results
Here we describe our initial approach to analyzing the
collected data. We define a measure to quantify the
models’ performance, the remainder incident rate, as
the percentage of observations among the directions in
the participants’ test sets ≥ a given predicted difficulty
value. Intuitively, a good model produces remainder
incident rate values that increase as the predicted
difficulty rate increases. Then the correlation coefficient
of predicted difficulty to remainder incident rate serves
as an estimate of how well a model performs. Figure 3
shows the aggregate correlation coefficient values for
all models across all participants, suggesting that the
variation in performance decreases when we mix
participants’ observations but value an individual’s data
slightly more (4x and 8x in our data set). This occurs
because using that individual’s relatively small amount
of training data causes overfitting, while not weighing it
enough causes underfitting. Direct analysis of the
incident remainder values for each model supports this,
and we are collecting more data to make stronger
claims of statistical significance.

heavily, can predict wayfinding difficulty better than
models trained only on other users or on just the
individual. We are currently incorporating these findings
into the design of an automated wayfinding system that
will provide customized and adaptable directions and
routes for individuals with cognitive impairments.
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Many people go online for information and support in
response to life experiences such as parenting or investigating an illness. Online resources may be particularly
important to those with a chronic illness whose diagnosis
and treatment is uncertain. This paper focuses on people
with Lyme disease, the most common vector-borne illness
in the U.S. today. The patient experience of Lyme disease
is fraught with variability in symptoms and uncertainty
surrounding treatment and the progress of the disease.
This uncertainty is reflected in an active, vocal, and
contradictory presence on the web. We interviewed 21
patients about their real world and online health-related
experiences. Here we discuss the strategies that support
effective online resource use. An unexpectedly prevalent
form of online activity was patient activism.
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Although many people depend on their doctors to diagnose
and treat acute conditions such as a broken ankle, patients
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tend to take a more active role in managing chronic
conditions [5]. Almost everyone eventually encounters chronic illness directly or indirectly. People with
chronic illness face ongoing, often debilitating symptoms and uncertainty about the future. Importantly,
“it is neither clinicians nor health systems that
manage chronic disease, but rather patients
themselves” ([5], p. 290).
Seeking health information online happens
frequently, and online information can influence how
people manage and treat their chronic condition [8].
The web can provide support, information, a place to
research treatment options, and a mechanism for
sharing information with others [6].
Online health information can be inaccurate, incomplete, controversial, and otherwise problematic for
individuals with health questions [7]. Perhaps
because of this, people who use health resources
online may experience increased depressive
symptoms [2]. Misleading information may lead
them to take harmful actions or become alarmed
about symptoms that are in fact not serious. Reading
about disease might increase people’s health
anxiety, reinforce hypochondria or cause them
unnecessary concern about their health status [10].
Other studies suggest more positive outcomes for
some patients (e.g., [2]). For those seeking new
information about a problem, unconnected networks
can link people to knowledge that is unavailable in
their existing networks such as family, friends, and
doctors (e.g., [11]). Accessing new social environments can have value for people who are isolated or
have ill-functioning existing social ties [12].
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Our work focuses on an increasingly common and
highly controversial illness, Lyme disease. Lyme’s
varied and changeable symptoms include, e.g.,
fatigue, joint or muscle pain, headaches, rashes, and
neurological symptoms [4]. There are no conclusive
studies showing how to cure chronic Lyme disease,
and there is disagreement in the medical community
about its diagnosis, progression and treatment (e.g.,
[9], and the commentary on [4]). As a result, people
with Lyme disease may face difficulties obtaining a
timely diagnosis [13]. Once diagnosed, patients may
have difficulty finding a doctor or getting insurance
companies to pay for treatment [13]. This
controversy significantly affects online resources and
people’s experience with online health resources.

Study
Four of the authors have personal or professional
experience with chronic illness, including chronic
Lyme disease. We expanded our horizon by talking
informally with people we had met with Lyme
disease, searching the literature on Lyme disease,
and documenting online resources for Lyme disease
and health sites that contain information or
communications relevant to Lyme disease. Based on
this we conducted in-depth interviews with 21 people
with Lyme Disease to gain more insight into patients’
experiences.
We conducted interviews by phone (in one case,
Instant Messenger), in one to three sessions of fortyfive minutes to ninety minutes. We advertised for
participants online and placed ads in the office of a
Lyme specialist. Participants completed a preinterview questionnaire listing the online and offline
resources they use. In the interview, they were

asked about their experience with their disease,
health practitioners, treatment, and particularly
helpful or unhelpful online resources. Much of the
interview was open ended. Payment was $10/hour.
We used a bottom-up coding method drawn from
grounded theory. One author conducted open coding
of the interview transcripts for concepts that were
significant in the data such as abstract representations of usage of health information, experience of
disease, relationships with people and online
interactions. The resulting list of 35 codes was then
grouped into themes (“axial coding”). The themes
were integrated into findings by contextualizing them
within our problem space of chronic disease and
online information and communication.

Interview Results
All of the participants we spoke with were diagnosed,
and either in treatment, unable to afford treatment,
or in remission. Five participants were male, most
were single. The mean age was 41-50. Over 80%
were unemployed, about 60% of these due to
disability. Over 80% characterized their diagnosis as
complex, and the mean time from symptom onset to
diagnosis was two years.
The resources our participants used included
interpersonal email, community resources (support
groups, live group chat, and mailing lists), content
(research articles, organizational websites, medical
portals, Wikipedia, etc.), blogs (read and/or written
by participants), symptom tracking applications, and
medical record sites. Information seeking was
described as a social, often iterative process. Forums
helped eleven participants to find information.
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The presence of conflict online impacted this process.
For example, Susan avoided certain resources
because “you know, we’re going to disagree and I’m not
going to change their minds by reading … and they’re not
going to change my mind.” Lisa visited many resources
because: “It's kind of hard to wade through all of the
information and find out what is an appropriate choice for
my own treatment, when there's so much controversy.”

Participants developed a strikingly sophisticated
understanding of how to vet online resources. As Jen
says, “You just can’t start reading any old thing and
think that this is what it’s all about.… You’ve got to read
any-thing and everything and in doing that … you know
which one is telling you the truth…” Sixteen
participants described a research process that
included selecting among different types of
information and/or triangulating sources. Participants
described how forums helped them to vet the
trustworthiness of information they found, and avoid
scams. Scam awareness and discerning information
consumption were actively taught and monitored in
support group settings.

Participants used online resources at specific times
for specific reasons including ongoing disease
management, support, and tracking new research
results: “…when I really feel desperate for something,
you know, support, information, whatever it may be. At
those times, all your life is websites. (Gail)” At the same
time, participants actively managed the negative
side of going online by reducing some online
activities.

Although not predicted by past work, the pull toward
activism was strong among participants (12 of 21).

“I would risk my life to get the truth out, and to get
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people who are suffering from this disease … the right
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kind of treatment, just information…. I feel really

Participants described
numerous acts that protected or advanced the
interests of the Lyme community. Each person
brought his or her own skills to the table. For
example, Sarah moderated a mailing list. Jackie
described a sub group of people that “do research … I
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Conclusions
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approached online information with sophistication.
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Caring for a child with autism and limited speech
involves overcoming communication challenges and
understanding how best to provide care. In this
research, we used Microsoft SenseCam as a platform
for exploring the potential for automatically generated,
situated and contextualized picture-based
communication and therapy. We present the results of
an exploratory qualitative study examining the day-today use of SenseCam by children with autism and their
caregivers. Our findings indicate that SenseCam has a
variety of potential for improving both communication
and care for children with autism and their caregivers.
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Interventions to support individuals with autism often
include the use of images—both those captured
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automatically and those manually recorded. Use of
these visual artifacts has been shown to reduce the
symptoms associated with many disabilities, in
particular for individuals with autism [2], and can be
used to encourage communication and learning in
children. Non-verbal children with autism often
communicate via pictures [1]. Specifically, visual
supports are “those things we see that enhance the
communication process” [3] and can support children
learning about the world. Visual supports can include
things like body language or natural cues within the
environment [3], but of interest here are those tools
explicitly created to support individuals who may have
trouble interpreting naturally occurring visual cues.
These constructed artifacts use images to represent
simple everyday needs and elements of basic
communication [2]. In these cases, visual supports are
used to augment communication, in much the same
way that sign language can be a visual representation
of language for someone with a hearing impairment.
Visual supports have been shown to reduce the
symptoms associated with autism [3].
In designing an intervention involving visual supports,
to meet the challenges of communication and
documentation in everyday life, we used SenseCam, a
novel recording technology developed by Microsoft
Research [4]. SenseCam is a wearable digital camera
designed to take photographs of everyday life without
user intervention, while it is being worn. Our use of
SenseCam enabled us to explore the potential for
automatically generated, contextualized picture-based
communication and therapy. SenseCam does not have
a viewfinder or a display. Therefore, to ensure that
relevant images are captured, it is fitted with a wideangle (fish-eye) lens that maximizes its field-of-view. It
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has multiple electronic sensors, including a light sensor,
temperature sensor, and accelerometer, which enable
SenseCam to capture images automatically when
changes are detected in the sensors’ readings.
SenseCam images are transferred to a computer and
reviewed at various speeds using SenseCam’s
accompanying viewing interface.
In our work, we aimed to gain a nuanced
understanding of the challenges that can emerge for
caregivers of children with autism with their everyday
facilitation and support of SenseCam use.

Method
We present the experiences of three families with the
SenseCam intervention over three to five weeks each.
Each participating family consisted of one child with
autism, a parent who was the primary participant of the
study and the primary facilitator of SenseCam’s use,
and sometimes other family members and caregivers
who acted as secondary users or stakeholders. All of
the children were either 14 or 15 years old. Two were
non-verbal and used augmentative communication
devices, which turned text to speech, allowing them to
speak to others. All of the primary users were the
children’s mothers.
During an initial meeting, each mother received a
SenseCam demonstration and overview. The study was
explained as largely user-driven, and they were
encouraged to be creative with their use of SenseCam.
After a short training session, the mothers were
instructed to use SenseCam with their child each day
for at least an hour when, how, and where they found
most useful. Each week, each mother participated in an
interview that lasted approximately one hour. During

these weekly interviews, the mothers were asked to
describe their experiences in using SenseCam. They
also reviewed the images with the interviewer, noting
any images of interest and often describing their own,
their children’s, and others’ reactions to the images. To
capture both the creativity and challenges that
emerged in our study, interview and observational data
from the participants’ homes were collected and
analyzed by the research team using a grounded theory
approach.

Results
The three families participating in this study
appropriated SenseCam and our associated intervention
into their lives in vastly different ways, making for
compelling case studies across the varied potential uses
of this novel ubicomp technology.
Our results suggest that use of SenseCam can
encourage more communication from a child with
autism, a significant goal of many educational and
therapeutic interventions and the explicit purpose of
augmentative communication technologies. For
example, Christine, one of the mothers, perceived that
SenseCam images increased her daughter’s
communication through her text-to-speech device:
“Sometimes… she’s really resistant to using [her
current augmentative technology device that does textto-speech]. She’ll just use it like – I’ll give her a choice.
‘What do you want to do’ or ‘what do you want to eat
right now’. Things like that. But she’s a little bit more
talkative when she has the visual [images from
SenseCam] there too.”
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Shared access of this media also introduced
opportunities for a child to communicate about events,
concerns, and even moments of joy that would have
otherwise been missed:
“With the [text-to-speech device] it’s so… she doesn’t
always feel like using it. And it’s not so accessible. So
like if we’re in the middle of SeaWorld that wouldn’t be
a time to go ‘how do you feel right now?’ But later, [we
can] talk about that [through the review of the
SenseCam images]. … My [neurotypical] son, he
processes and talks about things all the time. But she
doesn’t really get that opportunity to do that.”
Our results also indicate that SenseCam has the ability
to give a non-verbal child a “voice.” SenseCam
empowers a caregiver to view the child’s world from his
or her own perspective, and the resulting images say
what the child may not be able to. For example, by
reviewing images and asking her daughter about what
she noticed in them, Christine made a surprising
discovery:
“I noticed [in the images] that she’s sitting there
reading music. So I was asking her about that. And
she’s telling me that she could read music and that she
taught herself. I never knew that. So I asked her ‘do
you want me to get you other music to read, like if I
bought you sheet music’ and she said ‘yeah’. So that
was something we just discovered.”
Caregivers also tended to examine the images very
purposefully to find out about their children’s
experiences. For example, Elaine considered how she
might better interpret her child’s behavior on an
upcoming family trip:

“It’ll be interesting for me to see… like what direction
does she look at? Does she actually look at the animals
[in the zoo]? Is she not interested in the animals at all?
… If the animal moves, is she actually looking or is she
just looking at the people’s backs? Because I don’t
know if she enjoys this or not. I mean if I see that all
she does is look at people’s back, like why am I gonna
take her to the zoo? [If] I don’t think she’s capturing
the essence of going to the zoo. So she can’t talk and I
don’t know where her mind is at. It would be kind of
interesting to see, what is she looking at? What is she
interested in?”

successfully as augmentative communication tools for
children with special needs. These technologies can
provide a “voice” for a child who cannot speak, as well
as additional information to support communication
among caregivers and their children. The case studies
also demonstrate how caregivers can creatively make
use of flexible capture and access technologies for a
variety of purposes. The results of this work indicate
promise for the use of capture and access technologies
for augmentative communication and other related
uses. Their applicability and potential for adoption over
long-term use, however, should be investigated further.

In a later interview, after the visit to the zoo she was
anticipating had taken place, Elaine reviewed the
images with the interviewer, noting that she was able
to recognize that her daughter was in fact attending to
the animals:
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“There she’s definitely looking at the elephants. That’s
kind of cute. Because she’s leaning I think on the rail.”
SenseCam also has storytelling abilities that have the
potential to bring families together through a shared
experience:
“Even if she’s not typing back about it, she’s
responding. She’s lighting up and excited that she can
share through her pictures what she did.”

Conclusions
The three case studies presented in this work
demonstrate that novel capture and access
technologies—such as SenseCam—can be used
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Abstract
In this paper, I present a preliminary argument for the
consideration of socio-affective practices in the design
of healthcare technologies. I present a summary of my
findings on the purpose of emotion expressions in an
emergency room and the various rules that modify
those expressions. Current formal documentation does
not provide the necessary medium for fostering socioaffective practices and thus, different technologies are
needed.
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The notion that information technology will have a
positive transformative effect on the management and
effectiveness of healthcare has conflated the practice of
medicine with information. As Mort and Smith [4]
recently argued, the ‘informatization’ of medicine has
eclipsed the importance of other contextual factors that
are not ‘informatized’. “While seeing images or clinical
data or hearing vital signs signals offers the practitioner
insight, we argue that it is in allowing for randomness
and disorder that clinical practice is strengthened and
patient safety underpinned” ([4], p.226). They argue
that the design of medical information technologies
may be enhanced by taking the “often messy
knowledge generated in the clinic back into the
domains of evidence and design” ([4], p.227). In this
workshop paper, I briefly argue for the consideration of
the ‘messy knowledge’ constructed through socioaffective practices in the design of new technologies for
the medical domain. One such socio-affective practice
is the expression and negotiation of feelings and
attitudes between medical collaborators.

Socio-affective Practices in Action
There exists a growing canon of research that touches
upon the role of the expression of feelings and attitudes
between workers in a medical domain. These have
focused primarily on communication between nurses
and verbal handoffs between healthcare workers.
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For example, during handoffs, nurses wrap objective
medical data within personal or subjective comments,
stories, and experiences with patients [2, 6]. These
stories provide a basis for reflection on these
experiences and a co-development of norms and values
towards patient care. In addition, nurses use
generalized statements to describe patients (e.g. ‘he is
fussy’ or ‘she is very demanding’) that encapsulate
subjective feelings about a patient and are used to give
implicit guidance to the on-coming nurse about how to
handle the patient [1]. Thus, they showed their feelings
towards the patients and directed their colleague as to
how to approach and consider the patient without
explicit directions.
Physicians also use socio-affective information during
verbal handoffs such as what the outgoing physician
felt about the patient – what was his or her intuition
about how the patient was fairing and what does he or
she feel may happen in the next few hours [5]. This is
a direct request for the personal, non-factual
assessment of the patient based on a gut-feeling. Even
though these summary statements include ambiguous
terms and phrases, the physicians indicate that offering
them is an important aspect of information transfer that
helps them to be effective at their job.
The important thing to note here is that little of this
information is transferred via formal documentation
(paper or otherwise) and, thus, this is exactly the type
of data that is ultimately left out of the representation
of medical work through information technology.
For instance, in one study, temporary written
documents that contained socio-affective information
were replaced along with other formal written
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documentation by a new digital medical record [7].
However, after a new permanent digital record replaced
all paper documents, socio-affective information
virtually disappeared from written records, due to
concern regarding the permanence and far-reaching
distribution of the electronic documentation. The
researchers observed a corrective trend to include more
socio-affective information in the verbal information
sharing activities, even though this removed one of the
benefits of a persistent record from shift to shift. Of
particular interest is that the nurses themselves did not
perceive the loss of this information as detrimental to
their work. They “cheered the termination” of the
temporary documents once they realized all of the
objective information could be easily found in the new
information system (p.2067). They did not perceive the
loss of the written socio-affective information as
important as the objective information. However, this
raises the question of the changes to the verbal
handoffs: if the socio-affective information was not
important, then why did the nurses generate longer
verbal reports so as to provide the socio-affective
information?

Expressing Emotions as Part of the Work
Recently, I studied the expression of emotion in the
collaborative work of an information-intensive, tightly
coordinated emergency room (ER) of a large urban
academic hospital. I employed an ethnographic
approach involving observations, interviews, artifact
analysis, and a reflective diary over the course of six
months. As detailed in [3], I learned that the
expression of one’s emotions is integrated within the
work of the ER. For instance, expressing one’s emotion
helped to form shared mental models that enabled
collaborators to agree on the direction of care and work

independently towards these shared goals. Likewise,
expressing one’s feelings can be used as a call to action
(e.g. treat a patient with more care since she has
recently gone through a traumatic event).
Although emotions were an important part of the work
and were often shared in a face-to-face setting, there
was minimal indication of emotion in formal
documentation media such as the paper patient
records. Most emotion words found in these formal
records were those of patients. As for any assessment
of the patient’s condition by the medical practitioner,
only objective, data-driven notes were formally written
down.
The reason for this disconnect is that formally written
emotional content was explicitly viewed as
unprofessional and inappropriate to the standard of
care. This had been codified in official ER documents.
One administrative document specifies that the medical
record is to be “objective” and “factual” and to “refrain
from including your emotions and frustrations” since
this is unprofessional. Yet at the same time, this
document expresses that the medical documentation’s
purpose is for “interdisciplinary planning and facilitate
communication” and to create a “vivid picture” of the
patient. There is clearly a disconnect between what is
acceptable and what is required.
The primary reason for constraining emotion
expressions in the formal documentation is the
organizational role of these information media. Formal
documentation is created for traceability of treatment
decisions and justification of diagnosis. The patient’s
formal record is designed to communicate the course of
care and medical diagnosis to external agents,
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including (1) insurance companies, (2) lawyers, and (3)
admitting physician in other units or hospitals. Note
that this record is not designed to be the primary
medium for the communication of care to other ER
personnel, nor is it a medium for jotting down
‘possibilities’ or ‘concerns’. Thus, it is not the
appropriate medium to debate or discuss the patient’s
diagnosis and care, nor is it the proper venue to share
one’s feelings about the patient.
An attending physician explained it thusly: “You chart
down information in order to make a case for
admission, for medical insurance, etc. You need
objective data.” This means that unless there is datadriven evidence for a diagnosis or course of care it is
not recorded in the official ED Record.
These studies indicate that there are many instances of
a nurse or doctor expressing their feelings to their
coworkers as an important aspect of the work. In
addition, this information is sensitive enough to not be
included in formal and persistent sharing media such as
the digitized patient record. However, this information
provides context for the objective data and can provide
guidance in how to proceed in a patient’s course of
care. Removing diagnoses and course of care from the
socio-affective context provides dangerously incomplete
information to future healthcare providers who are not
privy to this equally important information.

A Socio-Affective ‘Place’
In my observations, within the formal documentation
there was no place for recording that which did not
have evidence to back it up including feelings, data
interpolation, or intuition.

As described by the physicians and nurses in this study,
formal documentation is for recording data (i.e. hard
evidence) as well as the “final story” (i.e. the diagnosis
and evidence that supports that diagnosis). There is no
room for superfluous information that veers the story
off course from leading to a conclusive diagnosis and
course of treatment. Unfortunately, not all cases are
always clear in the beginning. Medical personnel need
more time to work out the answer and new residents
could benefit from seeing as well as hearing the
decision-making process. Medical mystery solving is
also the time when emotions that are felt towards the
patient, one’s coworkers, as well as the work itself
affect the diagnosis. Thus, the emotions that arise and
are expressed as a part of the work should be felt,
examined, and discussed by those feeling them and
possibly everyone who is working on the case.
Because of this structure and intent of the formal
documentation, there were a number of attending
physicians who mentioned the need for a medium to
ruminate on decisions and share their feelings. A
medium used to mull over care trajectories would
support collaborative decision exploration. Such a
medium would also be a safe place to share or consider
one’s feelings about the patient and the current course
of care, and thus might be experienced as a safe place
to discuss the patient’s feelings and state of mind. The
entire patient care team can track and reflect on what
they are doing, why they are doing it, and how they
expect it to progress. The lack of formality gives rise to
more ambiguous expressions, which in turn encourage
a more constructive interpretive process between
collaborators.
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Conclusion
The current direction for healthcare information
systems is focused on one aspect of the information
used in cooperative medical decision-making and
treatment. But cooperative work, in any domain, is
much more than pieces of information being passed
between independent workers. It is a system that is
both social and affective. In this paper I present an
initial viewpoint to begin this discussion.
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G Eysenbach (2001) defines ehealth as “an emerging
field in the intersection of medical informatics, public
health and business, referring to health services and
information delivered or enhanced through the Internet
and related technologies. In a broader sense, the term
characterizes not only a technical development, but
also a state-of-mind, a way of thinking, an attitude,
and a commitment for networked, global thinking, to
improve health care locally, regionally, and worldwide
by using information and communication technology”
(p. 20) [1]. The term ehealth has come to encompass a
variety of types interactions in health care systems
including business to consumer, where consumers
interact with their health system via the Internet;
business to business, where organizations interact with
one another; and consumer to consumer where
consumers interact with each other through technology
[1]. eHealth includes a variety of technologies such as
electronic medical records, telemedicine, consumer
health informatics, and virtual healthcare teams.
Human computer interaction researchers have explored
the use of technology in terms of communication
mediated by technology, consumer to consumer
communication information technology and consumers
interaction with businesses through technology.

Researchers have also explored the concept of
developing and maintaining trust when information
technology is introduced into relationships. However,
studies have shown that users may have different ways
of developing trust in health systems than they do in
other technological systems [2].
As ehealth technologies become more widespread
attention is turning to the factors that determine
successful adoption and appropriate use. Currently
trust is gaining the attention of those who develop and
design websites that contain medical information [3, 4].
Trust is also a topic of interest to health care
administrators and educators in terms of understanding
interpersonal relationships between patients and care
providers who believe that the presence of trust is a
key factor in a successful health care relationship [5-7].
In this paper we explore the definition of trust in health
technologies by gathering findings from trust in
technology literature from a variety of domains. Trust
in medical technology is the focus of this paper; the
efforts expressed in this paper focus on trust related to
medical technologies that are used in health care
environments or to manage health information. The
outcome of this paper is a trust in ehealth technology
model that adopts our definition and can serve as a
framework for experimental research.

Patient-provider trust
Understanding patient-physician relationships is an
important precursor to understanding patient and
physician relationships with health information
technology. Much information is still needed in
understanding patient physicians relationships,
specifically in terms of the major research questions
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what is patient trust in physician, what factors are
related to patients trust in physician, what are the
outcomes of patient trust or distrust in physician.
Studies have found that patient trust in provider is
correlated with satisfaction [6], perception of provider
skill [8, 9], perception of interpersonal treatment [10],
communication [8-10], the length of relationship with
physician [6, 10], patient health status [6], certain
patient demographics [6], how patient pays [6], and
patient choice in physician. However differences in
these findings have been identified across studies; for
example some studies find no difference in a person’s
inclination to be trusting towards their physician based
on ethnicity or socioeconomic status, while other
studies have found trust in physician ratings to be
significantly correlated with being White and health
status [6]. Other studies have satisfaction to be a
correlate of trust while others argues that there is little
data to support a correlation between patients’
assessments of satisfaction and trust in provider [5].
Understanding trust in ehealth has the potential to add
to existing trust in physician literature; it is clear that
ehealth initiatives have the potential to effect how
patients and providers interact with one another about
technology, with technology and in the presence of
technology.

Human-technology trust
There is an abundance of research on trust in
technology, though most of it may not be useful in the
context of trust between users and health related

technologies [2, 11]. In one set of research,
researchers have explored user trust in automation
technology by looking at how the design of automatic
equipment in manufacturing or production processes
systems influences users to trust or distrust the
resultant technologies. This scholarship does not
successfully represent the processes that patients as
users and consumers undergo when forming trusting
relationships with ehealth technologies [12]. In another
group of trust in technology scholarship, researchers
look at users trust in web based technologies, with a
large portion of scholarship focusing on e-commerce.
Researchers have looked at the relationship between
the design of websites and user behaviors of trusting
the websites with personal information. The scholarship
involving trust between people and websites may serve
as a useful model for patient and physician users of
ehealth technology, but it fails to account for the effects
of technologies on the interpersonal patient-provider
relationship.
Patient Trust in eHealth
Health related technology has become an important
aspect of health consumerism. Health information and
services in an electronic format were primarily
“informational” in the past; now patients can engage in
many health-related activities electronically [13]. For
example patients can: View their health records online,
view health information for family, interact with others
with similar health concerns, communicate with care
providers online, communicate with other nonproviders about their health electronically, search for
information about their health symptoms and diagnoses
online (see Figure 1).
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The added complexity of technology in health care adds
new dimensions of risk, communication and privacy. At
the root of these constructs trust must be considered.
In one way, we must examine how using technology
changes the provider patient relationship for better or
worse. In another aspect we must examine how
patients use health technology while keeping their own
information safe and find useful and reliable
information for their care. In an ehealth model the
patient holds a great deal of power in their health care,
which also gives them more entities to trust or distrust.
Future research must address how patients negotiate
information from different sources, how their decisions
effect the patient-provider relationship and important
outcome variables such as patients adhering to advice,
completing treatment plans, and seeking care when
they need it rather than self diagnosis.

Figure 1 Patient ehealth relationships

Integrative model of trust and ehealth
In this paper we argue that medical technology cannot
be removed from the relationships that are present in
the existing health system. Specifically provider patient
relationships are fundamental to patient technology
relationships, as provider technology relationships have
the ability to affect the patient provider relationship.
The conceptual model for trust in medical technology
builds upon socio-technical systems theory [14]. In this
model interpersonal trust has the ability to effect trust
between users and technologies. In order to engage in
collaborative disease tracking with personal health
records, the relationship between the patient and the
technology depends on both the providers’ relationship
with the patient and the providers’ relationship with the
technology. The patient and the provider must both
believe that using the technology will benefit the care
providing process.
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Introduction
Human computer interaction theorists have begun to
explore new definitions of user experience that include
concepts such as trust, engagement, fun and fidelity
[1, 2]. This study used qualitative research methods to
develop a typology of obstetric patients’ user
experiences with medical technology and proposes a
socio-technical systems framework for measuring and
understanding patients’ total user experience with
medical technology. We examined patients’ user
experiences with medical technologies during the birth
of their child using open-ended interviews with 25
mothers after they had given birth. The decision to
explore patients’ experiences with the technologies
used in their care, was based on our hypothesis that
patients have experiences with technologies and the
technologies affect patients’ experiences, even when
patients are not active users of the technologies, in the
same sense that their care providers might be.
Researchers have argued for the importance of Users
bring an array of individual characteristics such as
emotions, values, experiences, and mental models for
interpreting sounds, sight, and touch; each of these
characteristics effects new and current experiences [3].
To design a user experience the designer must
understand the user holistically, which is particularly
important when designing technologies for a health
care experience. The experience of being a patient is
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one of inherent vulnerability and consternation; which
may be created at the moment of the medical event or
over time as one prepares for the event with smaller
medical events. An experience contains countless
discrete experiences that are associated with various
environments, individuals and objects [3]. The
experience of having a baby is made of many small
experiences such as the physical experience of being
pregnant, having an ultrasound, visiting a hospital,
interacting with a doctor and attending a childbirth
class. A woman may have many key stakeholders in
her experience, such as her friends and family who
have had babies before her, her doctor, and her
partner. The context of her interactions with her health
care providers has the potential to create a type of
experience for her; a warm homely doctors office
creates a different experience from a sterile, clinic
office.
This study examined the user experiences of patients in
an obstetric work system to build upon theoretical
perspectives of user experience that move user
experience with technology beyond usability. We were
interested in how patients developed and expressed
user experiences with technologies they might not use.
We also wanted to understand the emotional aspect of
user experience in health care, emphasizing how
aspects of interactions with technologies and systems
might lead to positive or negative user experiences.
Lastly, we wanted to define user experience in the
context of humans as both patients in a health care
environment and as passive users of a technology.

Methods
Participants. Twenty-five new mothers represented the
patient group. All mothers had given birth in a hospital

and were between the ages of 19 and 35. To explore
patients’ experiences with the technology they were
interviewed about the kinds of technologies that were
used in their childbirth experience, what they noticed
about the technology and how the technology made
them feel. Interviews were transcribed verbatim and
data were analyzed using grounded theory methods,
processes, actions and interactions involving many
individuals were studied [4].

Results
Patients reported the technologies that were used
during the births of their children; which were coded
individually and then grouped into singular codes to
describe technologies that were essentially the same.
Participants’ responses to what they noticed about the
technology were divided into what they could see, hear
and feel. Thirty-three codes were derived from sight,
14 codes were derived from feelings and 13 codes from
hearing. Example codes for seeing included being able
to see the monitor, alarms, pulse rate, and graphical
readouts. The group feeling contained codes such as
feeling the internal fetal monitor, the monitor during
contractions, the oxygen mask, and straps of the
monitor around the stomach area and blood pressure
cuffs. Hearing included codes such as hearing heart
beats, unidentified beeps, unidentified noises, the
baby’s heart beat, and monitor print outs. After open
coding, patients’ experiences with the technologies
were categorized into ten positive experiences and
twelve negative experiences.

Discussion
The results show that patients have user experiences
with technologies that are used in their care and
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translate the feedback they receive into positive and
negative feelings. Examples of negative experience
included:
1) Generally feeling that technology was uncomfortable
because it restricted their movement and movement
affected monitors functioning. Nicole expressed
negative feelings about immobility and depending on
others when she said “I didn’t like having to wear the
monitors. I mean they put them around and she… kind
of… you’re kind of on a leash, so if you are trying to
turn around to get comfortable, you can’t.”
2) Participants described frustration about having to
use intervention that they perceived to be unnecessary.
These interventions included intravenous therapy,
automated blood pressure cuffs, and points where
doctors suggested they interventions that had not
planned for such as induction and epidurals.
3) Unreliability was a salient theme in negative
experiences as indicated by the number codes between
and within interviews. Participants expressed negative
feelings when they could not depend on the technology
to accurately reflect the health and well being of their
baby. Jennifer discussed how unreliability contributed
to a negative experience when she said:
“It’s a little nerve wracking when they are like
okay you know uh you know we are
suppose[d] to be able to monitor the baby’s
heart rate and we can’t find it. Even the
attitude of the nurses in the room, they were
agitated when they couldn’t find the heart rate
so you know and then, you know, you hear the
beeeeeep, the loud beeps of straight lines and
things like that. So it is, you know”

4) A final major theme in negative experiences included
participants’ feelings that the technology was unnatural
in their experience. The unwanted presence of
technology was expressed by codes that described the
presence of the machines and their outputs as
distracting, the technology as unnatural and feeling like
they were “in a hospital” as an unwelcomed experience.

Conclusion
One of our objectives was to define user experience in
context for patients in a health care environment. Our
results provide evidence to support the notion that
patients have experiences with technologies used in
their care. We also hoped to understand the
relationship between characteristics of the technologies
and positive or negative user experiences. When
technology worked well, it had the potential to create
positive experiences and enhance the patients’
connection with their babies. Examples of designs that
enhanced the emotional experience were the audible
simulated heartbeat; when patients could hear the
heartbeat they felt reassured that their baby was ok.
Negative experiences occurred when technology did not
work well or when care providers could not get
technologies to work properly. We hypothesized that
patients would expect their interactions with the
technology to reflect their expected emotional
experiences. Patients identified mismatches between
the experience the technology afforded them and their
desired experience. These experiential mismatches
were reflected in patients’ desire not to feel like they
were in a hospital or feeling the technology was an
unnatural artifact in their experience. Patients also
identified experiences where technologies met their
expected needs, such as a need for more information or
assurance that they were receiving high quality care.
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Patients’ experiences with technologies contributed to
positive and negative experiences as individuals and
the resultant co-experiences patients experienced with
their birth partners and care providers [3].
This study was limited by its small sample size, study
population. The qualitative methodology used, was not
intended to build causal relationships but to generate
hypotheses about patient user experiences. Future
studies should explore patient user experiences in other
health care contexts and the effects of patients’ positive
or negative user experiences on the health care work
system. Understanding how to design technologies that
create positive experiences for both patients and
workers will lead to more effective health care systems.
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Introduction
The “freshman 15” is a reality among the majority of
college students in the U.S. Approximately 70 percent
of students gain weight between the start of college
and the end of sophomore year [5]. Overall, students
are not meeting their dietary and exercise needs [1].
The design of interactive systems for health
management has the potential to help maintain healthy
lifestyles by providing meaningful information. These
systems should be human-centered and focused on
individual health to meet user needs. Some of the
barriers documented for college students include poor
time management and lack of accessible healthy foods
[5]. Ubiquitous technology can assist in minimizing or
eliminating some of these barriers by managing and
tracking diet and exercise. College students are ideal
candidates for using interactive health applications to
make better choices regarding their diet and exercise,
and findings in this population can be used to develop
interactive systems for other age groups. ICTs for
health management should be designed following usercentered design principles and through constant
feedback from end-users to match user mental models.
Health informatics tools should target problem areas
and help users adapt to new environments by evolving
with user needs, thus preventing adverse health
outcomes (e.g. weight gain, alcoholism)[1][5].
This study developed and evaluated an interactive
health system called WiscFit, for a class project. This
system advises students about their diet and exercise
schedules. WiscFit can help users find workout
partners, set wellness goals, reach goals, and monitor
progress. The system was evaluated based on the
following questions: Would users find the system
helpful to manage their health goals? Does the system
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Figure 1. Homepage of the WiscFit online application
homepage

match user mental models for interactive health tools?
Are users willing to upload workout information on a
regular basis?

Design Process
The design team used a contextual inquiry process to
develop a health management product concept. The
target population was observed in their everyday
environment and their interactions with ICT were
examined to identify how ICTs could be used for health
management. Available products for maintaining
healthy lifestyles such as caloriecount.about.com,
realage.com, UbiFit Garden [2], and healthvault.com
were also evaluated. The design process included the
creation of storyboards, paper prototypes, a video
prototype, and an interactive prototype. All prototypes
were evaluated and tested by college students. The
paper prototype featured tasks that were important for
the goals of the project, which included registering,
completing a fitness test, creating a workout schedule,

Figure 2. Integration of WiscFit
with the SMS system of a cell
phone, used during the video
prototype.

and setting goals. The paper prototype was tested
using the verbal protocol think-aloud method during
observations. After completing the tasks, follow up
questions were asked. The video prototype (Figure 2)
was evaluated with three students, the class professor,
and classmates. Their feedback was used to develop
the interactive prototype. This prototype had two
access interfaces to WiscFit: a mobile application and
an online health management website (Figure 1). The
mobile application was used to test the input of
workout information from smart phones, and the health
management website was used to test user interaction
with the system and usability of the site design.

User Testing
Two groups of five students tested the system; each
individual evaluated one interface. For the mobile
interface, users recorded workout times via the mobile
application for five consecutive days. The online health
management site was evaluated by asking users to
complete tasks which included: registering for WiscFit,
scheduling time to work out, completing a fitness test,
and posting a message on the wellness community
board. The overall measures of the effectiveness and
success of WiscFit included the completion of tasks and
daily use of the mobile application.

Results
Mobile WiscFit Application Results
Students produced health data to help reach fitness
goals by uploading workout times on smart phones.
Four of the five participants used the WiscFit mobile
application daily. Of the users who answered a postsurvey, all answered “yes” to the application being easy
to access. Two users stated that the application was
easily integrated into their daily lives.
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Online WiscFit Application Results
Users were able to provide and obtain health
information through the online application. During the
registration, some users were confused with interface
labels and wanted to know their registration progress.
Integration with other calendar systems was identified
as a helpful feature. The instructions for the fitness test
were not clear for some users. In addition, some users
had difficulties accessing the online community page.

Discussion
Interactive systems for health management, such as
WiscFit, should be designed for access in user homes
and “on the go.” Integrating health management
systems with available resources, such as those
provided by universities to students, is necessary to
promote regular use. These systems can help students
maintain healthy lifestyles and prevent weight gain or
other adverse health outcomes. University students are
avid users of internet tools [3], thus, online health
management applications that can be accessed through
computers or smart phones are suitable for this
population. Moreover, students have access to sport
facilities and food plans that can be used to meet their
health goals.
The team built a proof of concept health management
application, tested its key features and designed mockup mobile and online applications with the purpose of
tracking user workouts and providing data input into a
health management system. Overall, the team learned
several important design improvements for the
development of health management applications. For
the mobile application, the results were ecologically
valid as users input data “on the go” during their daily
routines. The application should focus on individual

health by allowing user customization depending on
user goals. The following are some trends seen
throughout the project:

questions can only be answered by testing with a fully
functional application for an extended period of time.
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Users found the fitness schedule useful



Registration and fitness test were unclear



Fitness test took longest to complete



Forgot to enter times in the mobile application



Interface clarity and simplicity is crucial

In the future, ubiquitous computing would allow the
system to automatically detect when a user enters a
sports facility or begins exercising. The interface of
online applications must be simple, secure and
straightforward when users are inputting health data.
The user testing was beneficial in this regard, and the
team was able to note changes to be made in a future
version of the application such as tab order, unify login,
and progress status. Adding clear labels and help
options are also useful features. Mobile applications
must not be cumbersome for the users and should also
work without internet access.
Some of the unanswered questions that the team has
include: Would users continue to use WiscFit after they
have identified a routine in college? Would users
tolerate uploading their exercise and diet to an online
application? If users do not carry their phone to the
gym, how will the system keep track of their exercise?
Health management systems should adapt to user
needs as they progress toward their goals. Uploading
and storing personal health information on online
services is a concern among users [4]. Finding
alternative methods for entering data can allow more
students to use the system. These research topics and
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Abstract

Mobile applications that incorporate persuasive
techniques have recently been shown to have a positive
impact in helping their users achieve pre-defined
wellness goals (e.g., keeping active, eating healthier,
etc.). In this paper, we present MoviPill, a mobile phone
based application that combines a set of persuasive
techniques (i.e., social competition through a game,
social support, virtual rewards and entertaining selfmonitoring) to help patients improve their levels of
medication compliance. In a 6-week field study, 18
elders used a simplified version of MoviPill that included
only the game component. Still, both their compliance
levels and the precision of the drug intake time
improved by 60% and 43% respectively, when
compared to the baseline (i.e. their usual medication
reminding tools). We plan on evaluating the additional
persuasive techniques with further studies.

Keywords

Mobile interface, elderly, medication compliance,
healthcare, game, user study
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Introduction

Medication adherence is an essential component of a
successful health outcome. However, a recent review of
139 studies reporting compliance data showed that only
63% of patients continue with their medication after a
year and patients take their medication only 72% of the
time [1]. The World Health Organization envisions a
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more pessimistic scenario estimating that only 50% of
patients follow their doctors’ prescriptions. In order to
tackle this challenge, medical experts have tried a
evening
variety of approaches, such as creating special
dose
calendars, “smart containers”1 , mobile phone-based
(2 points)
reminders, systems for pharmacist telephone follow-up
intervention [3], among others (Kripalani et al. [5]
morning
compiled a review with several of these approaches).
dose
(0 point) Still, previous work reports cases in which medication
compliance was not improved by reminders alone [4],
or even where automated reminders were perceived
negatively by the users [6]. The problem lies on the
time of
next dose fact that passive reminders do not typically engage
users in doing the tasks by themselves. Hence, the
figure 1 MoviPill game screen with
main hypothesis that motivates the work presented
the ranking of players. Emoticons
here is that patients can become more compliant in
represent how compliant they were
taking their medications when the task is not seen as
with that dose (i.e., a laughing face is
an obligation, but rather as an engaging experience.
2 points, smiling is 1 point, worried is
We propose a mobile phone-based system called
0 point, and crying is -1 point).
MoviPill that combines four different persuasive
strategies in order to address engagement: social
competition, social support, virtual reward and
entertaining self-monitoring. Next, we present the
MoviPill system and outline major findings derived from
the field study.

simple: more points are given to players that take their
medication very close to or at the prescribed time, and
fewer points otherwise (see figure 1). Most compliant
patients are highlighted in a virtual “hall of fame” and a
record of their drug intake routine is stored as an
additional resource for their caregivers;

clock

Social support: Game players can also get more
points by reminding peers to take their medication on
time (see figure 2). We expect patients to be more
engaged in the drug intake task by receiving social
reminders instead of system reminders.



Virtual rewards: Whenever MoviPill users take their
medication on time throughout the day, they are
offered a virtual reward, such as a family photo, a
favorite song, or a joke (see figure 3).



Entertaining self-monitoring: MoviPill minimizes the
boredom and complexity of tracking medication
compliance by combining appropriate statistics with an
engaging virtual character that is shown on the idle
screen of the mobile phone (e.g., if the character is a
dog, it looks and acts happy when the patient is being
compliant and sick otherwise – see figure 4);



The current version of the MoviPill prototype
implements the social competition principle. We
describe next the methodology of the user study to
evaluate the impact of this persuasive technique on
medication compliance.

MoviPill system
one user
already
sent a
reminder
to Suzana
back to
ranking
figure 2. Mockup of the social support
persuasive technique applied as part
of the MoviPill game. In the example,
information on how late the user
“Suzana” is to take her medication
(screen visualized after choosing this
user from the ranking list in figure 1).

1

Our approach towards increasing levels of compliance
(remembering to take a dose) and adherence to
medication regimens (taking doses at the prescribed
time) aims to change how the drug intake task is
perceived. In order to provide an engaging experience,
our solution is based on a mobile phone application that
applies four different principles of persuasion [2]:

Field Study

Participants
Eighteen participants (male: 9; mean age: 68 years,

s=4.19) were recruited by phone for a 6-week user
study. A randomized sampling methodology was used
and participants were assessed by FASS2, a social
service foundation in the autonomous community of
Andalusia (Spain). All subjects were retired, did not
know each other, received 40 euro (about 59 USD) as a
gift for participating in the experiment, and they did not
receive any monetary incentive for winning the weekly

Social competition: Users of the MoviPill system are
connected through a social network that relates their
illness with the reality of other people. Implemented as
a game, this technique persuades patients to be more
compliant to their medication by trying to win their
peers in weekly competitions. The game dynamics are


MEMS (aardexgroup.com), Glowcaps (rxvitality.com)

134

2

www.juntadeandalucia.es/fundaciondeserviciossociales

competitions of the MoviPill game. Thirty-nine percent
lived with a husband or spouse, while the rest lived
alone. Ten (55%) did not have any experience with
computers, while 4 (22%) had an intermediary
knowledge, and the remaining 4 (22%) were advanced
users. In terms of medication compliance, the majority
of the participants (12 or 67%) reported that they did
not typically forget to take their medications; four
participants (22%) forgot rarely, and 2 (11%) forgot
sometimes. As for the strategy that participants used to
remember to take their medications, 3 participants
(17%) reported using some form of spatial
arrangements of the pillboxes, while the majority (14
figure 3. Mockup of the virtual reward or 78%) remembered to take their medications
because of their daily routines. Only one participant
reward persuasive technique. In the
(5%) declared taking advantage of family members
example, the user took his/her daily
that reminded her to take her medications.
medications on time and can opt for
Apparatus
Each participant was assigned a HTC smartphone
(model P3300, with its charger) with the MoviPill
application and a pillbox equipped with a sensor (maker
AARDEX model MEMS 6 – see figure 5). The pillbox was
used to collect ground truth on the users’ medication
intake in order to compare with data manually entered
by them via the Dose interface in the MoviPill
application (see figure 6). Drug intake information
entered via the Dose interface was transmitted in real
clicking on
time to the remote server and MoviPill refreshed the
the dog
game status after every 5 minutes to ensure the data
reveals
personal presented in the game was always updated.

hearing a favorite song, seeing a
family photo or reading a joke.

stats

Procedure
During the first meeting with each participant, we
explained the mechanics of the game, supervised the
figure 4. Mockup of the selfinitial interactions with the application, and helped
monitoring persuasive technique. In
them to transfer their medication into the MEMS
the example, the startup screen on
pillbox. For this study, we focused on one –not life
the user’s mobile phone with a happy
threatening, e.g., prescribed for pain, attention, etc.–
dog on the bottom indicating that, so
medication that needed to be taken twice per day so
far, the patient has been compliant to
that each participant had the same chances of winning
his/her medication prescription.
points. Participants were asked to continue taking their
other medications using their usual routines.
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Two intervention methods were evaluated in the study:
Button and Game. On the Button treatment, subjects
used the smartphone to register each drug intake by
pressing a single button on the screen (equivalent to
the button shown in figure 6, but on a blank screen). In
this treatment, participants had to trust their own
methods to remember when to take their medication.
In the Game treatment, subjects also used the
smartphone to register each drug intake (see figure 6),
but they also had a “Game” button on the screen to
view the weekly ranking –by compliance– of all the
participants in the game and their daily drug intake
status (see figure 1). The Button treatment was used
instead of a standard control group (i.e., electronic
pillbox without the phone) because in the case of
proving that subjects were more compliant in the Game
treatment, we wanted to guarantee that the reason
was the game, and not simply because of introducing
new technology to the participants’ day-to-day life.
Given the size and nature of our sample, we decided to
conduct a crossover experimental design to eliminate
individual differences from the overall treatment effect.
Therefore, our sample was randomly divided in two
groups of nine subjects, and each group was submitted
to one of the treatments in the first three weeks (i.e.,
users 1-9: Game; users 10-18: Button) and to the
other treatment in the remaining three weeks (i.e.,
users 1-9: Button; users 10-18: Game).
Results and Discussion
From a total of 1512 doses over the 6-week period,
only 15 doses were not taken in the Button treatment
(1%). However, when participants were playing the
game, this small level of noncompliance was reduced
by 60% (six missing doses). Moreover, only one out of
18 subjects was more compliant when submitted to the
Button treatment than to the Game treatment, which is
a good indicator of why a significant difference could be
found between the medians of prescription adherence
in both treatments (N = 18, Z = −2.263, p = .024). These
results reveal that even with a very compliant sample,
a significant improvement could be observed, thus

confirming that a mobile social persuasive game can
help elders adhere to their medication prescription.

knew each other and no incentives were offered to
those winning the weekly competitions. It is very
interesting to see that such a simple persuasive
technique is able to motivate compliant patients to be
even more compliant. We expect the impact of the
MoviPill prototype to be even more significant on
samples of non-compliant subjects.

Conclusions and future work

We have explored the use of social competition as an
effective persuasive technique to improve adherence to
both medication prescription and medication regimen.
In ongoing work, we plan to validate the impact of the
other persuasive techniques that are part of the MoviPill
system: virtual rewards, entertaining self-monitoring
and social support during the game.
figure 5. MEMS electronic pillbox
used by the participants of the study.

figure 7. Comparison of median and average drug intake
delays over time in the Game and Button treatments

With respect to adherence to medication regimen,
participants took their medication with a shift of ±25
minutes on average of the prescribed drug intake time
( x̄ = 1471s in Button; x̄ = 731s in Game). Due to the
presence of outliers, the median drug intake delay
drug
better characterizes the data, revealing a 43%
intake improvement when participants played the game (x̃ =
button 240s vs. x̃ = 420s; N = 720, Z = −8.944, p < .001).
Another way to analyze this data is to consider each
participant’s median drug intake time as a single output
and compare the median of the medians between
treatments. Again, a significant difference could be
found between regimen adherence in the Game and
figure 6. MoviPill dose screen where
Button treatments (N = 18, Z = −2.250, p = .024).
patients inform medication intake.
Therefore, we corroborate that a mobile social
Drug intake data gathered by the
persuasive game can help elders adhere to their
phone was matched with ground truth medication regimen (i.e., take doses at the prescribed
data gathered by the MEMS pillbox to time). Figure 7 compares median and average drug
check if elders were pressing the
intake delays over time for each treatment.
button at the right time but taking the
dose later on (game cheating).

These results led us to reflect on the impact of social
competition for the elderly. Note that none of the users
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To create interest and motivate people to change their
behavior, engaging prevention methods are necessary.
In other words, people need to be engaged by the
disease prevention strategies so they will learn and
apply the information. However, given the resource
limitations within many developing countries, it is often
critical that the prevention strategies are cost-effective,
efficient and sustainable within the local context.
In Angola, we were challenged to address the HIV
prevention needs of the Angolan armed forces within an
environment where the risk of HIV infection is high and
access to technology is low. Sub-Saharan Africa
remains the worst affected area of the pandemic with
an estimated 22.4 million adults and children living with
HIV/AIDS [1]. In Angola, like many developing
countries, people have limited access to modern
computer technology. For example, the number of
internet users in North America, 253 million (74% of
the population), is dramatically higher than internet
users in Africa, 67.3 million (7% of the population) [2].
Limited access to technology makes it difficult to use of
a number of ICT methods to disseminate information
and motivate HIV risk behavior change.
The experience of developing of multiple HIV
prevention interventions for the Angolan military
provided the opportunity to compare degree of
engagement and sustainability across several
modalities of presentation.

Interventions
For over eight years members of this research team
have worked on a number of HIV/AIDS related projects
with the Angolan Armed Forces which have shaped our
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thinking. Through focus groups, behavioral surveillance,
implementing and evaluating a 5-day intensive HIV
prevention intervention, and creating a HIV prevention
card game and HIV prevention radio drama, we have
increased our knowledge and understanding of Angolan
military life and how to engage soldier around HIV
prevention behaviors.
In 8 focus groups, we found that although a number of
soldiers were familiar with HIV/AIDS, the level of
knowledge was very limited, and misperceptions
regarding signs, symptoms, and transmission were
pervasive [3]. One major concern was a lack of
perceived vulnerability because soldiers did not
personally know anyone who had died of AIDS. As one
focus group member shared, "we never saw a person
that said he had AIDS." This statement is not
surprising given the high level of stigma associated
with being HIV positive in Angola.
Results from a behavioral surveillance survey (n =
1977) we conducted with Angolan servicemen and
police reveal a portrait of a high risk lifestyle and
limited information about HIV prevention [4].
Paper-Based Intervention
During the piloting of a 5-day HIV intervention, we
found that participants particularly enjoyed a HIV
prevention comic book that had been created
specifically for the intervention [5]. Participants were
told the story of a soldiers who became infected with
HIV. During the intervention the participants carefully
wrapped the comic book in plastic to protect it from the
inclement weather, and called each other by the main
character’s name (Lunguka). This proved to be a
fruitful vehicle for teaching the HIV prevention material,

as well as a way of having participants describe the
story of Lunguka to others to disseminate the
prevention messages on the base. However, this
method may be limited in that it is very repetitive for
those teaching the information and didactic rather than
interactive. Over time, these activities can lose their
appeal for the teacher and the participant.

Game-based Intervention
In response to the interest in the Lunguka comic book
and the desire for more engaging activities, our team
developed a card game that complemented our
program of prevention as well as provided an
opportunity to test a new technologically appropriate
method for HIV prevention. The goal of the game is to
have the fewest number of “HIV risk” points at the end
of the game. The card game, which incorporates rules
similar to a number of popular card games such as
“UNO” and a popular Angolan card game known as
“Vassoura,” was developed with a prevention focus.
Cards have particular HIV risk behaviors (e.g., sex with
a prostitute, being infected with an STD) that require
players to pick up cards, while other cards will reduce
points (e.g., practicing abstinence, condoms) to an
individual’s score. The game ends when one player gets
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rid of all of the cards in his or her hand.

ICT-Based Intervention
Given the technology used by the majority of the
soldiers within Angola, we were limited to the ICT we
could use. Therefore, to expand the reach of the HIV
prevention messages and still maintain engagement
with soldiers, we developed a HIV prevention radio
drama. Building upon what learned in the previous
interventions, we developed a program that
incorporated narratives from real soldiers in an ongoing radio program to address many of the challenges
faced by soldiers in preventing infection with HIV. This
program proved to engage military members to listen
regularly, increase the legitimacy of HIV prevention
programs, and increase involvement in HIV prevention
by military members of all ranks.
These studies have revealed the importance of HIV
prevention interventions in the Angolan military and the
value of engaging activities to increase the motivation
of participants to remember and teach others the HIV
prevention messages.

Discussion
Through the process of developing multiple HIV
prevention interventions for the Angolan military we
learned important lessons about engagement and
project sustainability. First, we realized that what is
engaging in one format is not necessarily engaging in
another. Using different formats required that we
adjust the prevention messages according to the way
people prefer to read, play games or listen to the radio.
Second, it is necessary to match the type of
intervention with the level of HIV prevention awareness
within the audience. For audiences with low levels of
knowledge and experience with material, it was
necessary to provide more opportunities for didactic
training as interventions that present general messages
without didactics may confuse the audience and lead to
the creation of myths. For audiences with high levels of
knowledge, providing an opportunity to engage in the
material in new way and maintain salience of relevant
information was more important as a repetition of
information they already know can lead to boredom
and low engagement.

was very challenging. In contrast, having locals in
charge of developing and running the HIV prevention
radio drama increases the likelihood that the program
will continue.
In conclusion, successful implementation of ICT
interventions in developing countries includes
understanding the ways people in the country prefer to
use the medium you are using to deliver your
intervention (e.g., mobile phone, radio, etc), your
intended audience’s level of material mastery (low
knowledge vs. high), and ensuring there are locally
available resources to continue the intervention.
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Introduction
Innovative hardware platforms such as Mobile Clinical
Assistants (MCAs) and tabletop computers are
emerging that have the potential to significantly impact
the interaction between clinician and patient. Previous
studies of the impact of IT on patient-clinician
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communication have focused on interaction around a
fixed position desktop computer. What has not been
studied is how this coordination and communication is
impacted by different hardware platforms. This position
paper describes the results of interviews undertaken
with General Practitioners (GPs) as part of a pilot
experimental study to explore how innovative hardware
platforms impact patient-clinician communication.
We begin by presenting the methods of our study. We
then describe findings from the interviews, and then
reflect on the lessons learnt from the study, both in
terms of the implications for the design of such studies
and possible directions for the introduction of new
hardware technologies into healthcare consultations.

Methods
Experimental task: GPs participated in simulated
consultations with actors as patients presenting with
symptoms based on dummy scenarios. The scenarios
were developed with the help of a practicing GP. The
scenarios were selected to be straightforward, familiar
to any GP. All three scenarios were designed to involve
a combination of information gathering by the GP and
sharing information with the patient. Dummy patient
records were developed to support the scenarios.
Rather than use an electronic patient record (EPR)
system, we created the dummy patient records as
spreadsheets in Google docs. We felt that this simple
solution would allow us to focus on the impact of the
hardware platforms, rather than have the GPs
distracted by features of a particular EPR system.
Hardware solutions: We had three hardware solutions,
a desktop computer, a Panasonic Toughbook CF-H1
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MCA tablet PC with touch screen and stylus input
device, and a tabletop computer.
Sample: Our intention was to recruit 9 participants.
However, we stopped the pilot study after 3
participants, for reasons discussed below.
Procedure: A within-participant design was used, with
each participant using each of the three hardware
solutions by participating in three consultations.
Data: The simulated consultations were video-recorded.
Once all three consultations were completed, a semistructured interview was conducted, exploring the GPs’
perceptions of the different hardware solutions.
Analysis: The video data was analysed using Transana
(www.transana.org). The interviews were transcribed
and the transcripts indexed in order to identify key
themes.

Findings
Our intention in this position paper is to focus on
describing what emerged in the interviews, not to
describe what happened within the simulated
consultations (this will be reported elsewhere).
However, a key feature of all consultations was that
none of the GPs recorded patient notes within the
consultation, instead choosing to do this afterwards.
Our assumption had been that the GPs would make
notes within the consultation and we were interested to
see how the impact of this on communication between
the GP and patient varied according to the hardware
used. The GPs also varied significantly in the extent to
which they looked up information to share with the
patient. This meant that our scenarios provided limited

opportunity for us to understand the impact on
communication. It was for this reason that we chose to
stop the experiment after three participants, in order to
review our scenarios.
The choice to record notes following the consultation
was described by one GP in the following way:
‘There’s no point in writing and intruding into the flow
of what’s going on. [...] what you want to do is get the
business of the consultation without interruption.’
(GP1)
In discussing the use of the computer to look up
information to share with the patient, this GP pointed to
the fact that ‘most consultations are only ten minutes’
so that, although he ‘might look something up very
quickly’, opportunities for looking up information within
the consultation were limited.
Despite stopping the experiment after three
participants, the interviews following the simulated
consultations raised interesting issues that have
implications for the choice of hardware in healthcare
consultations. A key theme, expressed strongly by all
three GPs, was a concern over patient confidentiality:
‘If you have family members in the room and a screen
of any sort, they can read what’s on the screen, sexual
history that they’re not aware of and all these things
they’ve got up to.’ (GP2)
While all three GPs liked the larger screen provided by
the tabletop computer because of the potential for
easily sharing information with the patient, the
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consequence for patient confidentiality was raised as an
issue:
‘Patients often bring in other people with them so if she
brought her mum, her boyfriend, and the last
consultation that we’d had was about her contraception
or her termination or you know the affair she was
having [...] if you’re using something that’s very
display centric then it’s going to be much more obvious
if you’re scrabbling to [...] put the screen saver on.’
(GP3)
While the MCA was generally unpopular with the GPs,
due to difficulties using the stylus and onscreen
keyboard/handwriting recognition, the concern for
patient confidentiality led one GP to highlight the
following advantage of the MCA:
‘It does allow you to [...] position it in a way that you
can do it privately, so I quite like that.’ (GP1)
Another key theme in the interviews was the increased
use of IT within GP consultations, something which our
scenarios failed to adequately reflect:
‘We print out labels for bottles, we print out request
forms for tests [...], we do things like spirometry linked
in with the computer, [...] Quality and Outcome
Framework checks so that we’re constantly referring to
things that the computer’s reminding us that we have
to do, like take the blood pressure or weigh the
patient.’ (GP1)
Such increased use of IT within the consultation led one
GP to anticipate a move to multiple screens. Again, the
larger screen of the tabletop computer was seen as

beneficial for this reason, while the smaller screen of
the MCA was seen as impractical.
Increased use of IT also meant that speed of data entry
was a key concern, hence the dissatisfaction with the
stylus input provided by the MCA:
‘For most GPs [...] a lot of it’s about data entry [...]
and so it’s the input method is probably as important as
anything else.’ (GP3)

Discussion
The value of simulated consultations for research is
accepted, with simulated consultations having been
successfully used in previous research exploring the
impact of IT on health care professional/patient
interaction [1,2]. What is difficult is designing
appropriate scenarios. Our scenarios, although
developed with a practicing GP, were based on false
assumptions about the nature of GP consultations. IT
use within GP consultations has increased significantly
over recent years. Conducting observations of current
practice prior to designing the scenarios may have
enabled us to design scenarios that better capture the
challenges that GPs experience in fitting IT within the
consultation. It is likely that such scenarios would
require much more sophisticated patient records,
significantly increasing the effort to set up the
experimental study.
Our experience also raises questions about the validity
of experimental studies. One of the GPs used the
internet within each consultation to look up information
to share with patients, but the limited time duration of
standard consultations means that this may not be
normal practice. Again, observations of current practice
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prior to conducting such studies would enable
researchers to assess the extent to which behaviour
observed within the experimental setting reflects
current normal practice.
In terms of directions for the introduction of new
hardware technologies into healthcare consultations,
the concerns expressed by the GPs we interviewed
suggest that maybe a combination of hardware
platforms is required. For example, a larger screen may
be beneficial for sharing information with the patient
but a smaller screen that the GP can orient as they
wish may be beneficial in terms of protecting patient
confidentiality.

Acknowledgements
We would like to thank the GPs who participated in the
study and Dr Peter Davis who assisted us in the
development of the scenarios. This research was
funded by a pump priming grant from City University
London.

References
[1]
Gibson M, Jenkings KN, Wilson R, Purves I.
Multi-tasking in practice: Coordinated activities in the
computer supported doctor-patient consultation.
International Journal of Medical Informatics. 2005;74:
425-436.
[2]
McGrath JM, Arar NH, Pugh JA. The influence of
electronic medical record usage on nonverbal
communication in the medical interview. Health
Informatics Journal. 2007;13: 105-118.

Medical Intelligence Informatics
Susan Harkness Regli

Kathleen Stibler

Abstract

Lockheed Martin ATL

Lockheed Martin ATL

3 Executive Campus, 6th Floor

3 Executive Campus, 6th Floor

Cherry Hill, NJ 08002 USA

Cherry Hill, NJ 08002 USA

In this paper we discuss research efforts to apply
technology designed for military intelligence operations
to medical and health informatics applications.

sregli@atl.lmco.com

kstibler@atl.lmco.com

Polly Tremoulet

Lisa Anthony

Lockheed Martin ATL

Lockheed Martin ATL

3 Executive Campus, 6th Floor

3 Executive Campus, 6th Floor

Cherry Hill, NJ 08002 USA

Cherry Hill, NJ 08002 USA

ptremoul@atl.lmco.com

lanthony@atl.lmco.com

Keywords
healthcare information, electronic health records,
spoken language understanding, associate technology,
user-centered design

ACM Classification Keywords
H.1.2 User/Machine Systems: Human information
processing; H.5.2 User Interfaces: Natural language;
H.3.3 Information Search and Retrieval: Query
formulation; J.3 LIFE AND MEDICAL SCIENCES: Medical
information systems.

Alexei Samoylov
Lockheed Martin ATL
3 Executive Campus, 6th Floor
Cherry Hill, NJ 08002 USA
asamoylo@atl.lmco.com

General Terms
Human Factors, Design

Kenny Sharma
Lockheed Martin ATL
3 Executive Campus, 6th Floor

Introduction

Cherry Hill, NJ 08002 USA

This paper addresses shortfalls in how healthcare
information is collected, stored, distributed, and
analyzed that thwart basic understanding about patient
conditions, as well as efforts to understand patterns of
health incidents in individuals and groups. The state of
affairs for medical “intelligence” is similar to that of
military intelligence. At the small unit level out on
patrol, details are not often reported in a way that can

ksharma@atl.lmco.com

Copyright is held by the author/owner(s).
WISH 2010 April 11, 2010, Atlanta, Georgia, USA.

145

be shared or analyzed across geography and time
(different medical information systems and
procedures), reported data is described differently by
different people (different terminology and record
fields), data is not easy to share among units (offices,
hospitals, states), and the people who actually need
information may not know what to ask for or how to
create a valid query for it (patients and families rooting
for information in medical records). The patient is often
the only central repository for his own and his family’s
health history and the doctor or a distributed set of
doctors is often the only window into the actual medical
records that are behind that health history.
We discuss several user-centered technology efforts
that have been designed to assist in the collection,
analysis, and usage of military intelligence that needs
to be collected on-the-fly, as it happens, and without
interrupting the flow of normal events. We believe
these efforts have the potential to be applied to the
collection and usage of medical data to address similar
constraints. Doctors, patients, and other medical
professionals must be able to collect and store
information more easily, ask the right questions to
ensure comprehensiveness of data, and maintain
context and history as events unfold in a way that
captures both what happened and why it happened.

Collecting Health Information
The first step is improving mechanisms for basic
reporting of information in formats that can be stored,
shared, understood by multiple audiences, and ideally
digitized in formats that can be analyzed by multiple
systems for modeling and prediction. One way to
improve the ease of reporting as well as the
standardization of reporting formats is through the use
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of a spoken language understanding system that takes
in audio data from a speaker, extracts critical
information, and provides a consistent representation
of the resulting data.
We have worked on Spoken Language Interaction for
Computer Environments (SLICE) for multiple military
contexts and are extending the domain to allow medical
information to be reported in domain-appropriate
language, parsed into machine readable formats,
organized in more standardized ontologies without
completely restricting individual preferences in
reporting style, and requested as needed. SLICE goes
beyond speech recognition by understanding the
context in which utterances are spoken and
determining the intent, and then communicating with
both the user and networked information resources to
compute user-centered solutions. To date, those
solutions have included filling out reports, sending
requests, database access, issuing alerts/notifications,
and performing a variety of system commands. When
there is insufficient information for the task at hand,
the system prompts the user for that information.
We are working to improve the flexibility of describing
medical situations using SLICE. With end-users, in this
case medical experts, we define a vocabulary list and
utterance grammar that is modeled on a standard
medical ontology but remains flexible to allow for user
preferences. The transcribed text is reduced to a subset
of critical information. The grammar provides a set of
rules and definitions that can efficiently categorize
treatments, symptoms, and mechanisms of injuries into
standardized report formats, consistently representing
the data while providing the caregiver with flexibility to
describe situations in a natural and appropriate style.

Doctors would use such a system in place of or as an
enhancement to spoken dictation, thereby creating
more usable data. The interactive and minimally
intrusive nature of the technology could assist other
medical personnel who are less used to relying on
dictation (e.g., nurses, medical technicians, or first
responders) in creating and updating medical
information while on rounds or in transit. And ideally,
patients themselves could learn to use such a system
to continually monitor and document their changing
conditions, symptoms, or applications of treatments
such as medication or daily tests.

Asking the Right Questions
The second step for improved data and history
collection is the ability to ask the right questions based
on history and current status. Tactical Access to
Complex Technology through Interactive
Communication (TACTIC) technology is designed
improve query construction to provide a bridge from
human to information in any situation for which a)
there is a complex information environment in which
information requests are typically composed and
executed by an expert (someone extremely familiar
with the data sources, required values, parameters,
and expected results that relate to an information
query) and b) there is a need to enable relative novices
to be able to use this complex information environment
to acquire operationally relevant information in near
real-time with minimal assistance.
In this research area, we consider the patient and his
or her medical history to be the complex information
source and the individuals rooting through medical
records to be the information seekers. The TACTIC
interface assists users in formulating requests for

147

figure 1: Example TACTIC interface.

information by producing a set of templates that can
easily be configured based on current information
needs. As the queries are constructed, known
information is used to help the user understand what
other questions should be asked, what parameters
should or can be specified, and what types of
relationships between information can be explored. The
system uses the rich store of data, such as patient and
healthcare information that has been built up in
electronic health records (EHRs), to ensure thorough
interrogation of current information.
In one prototype of this technology (figure 1), the
working area of the screen comprises three panes that
contain the Objects and Conditions as well as the
Request Specification Area (RSA), which is the primary
workspace of the user. The user drags objects and
conditions into the RSA which then uses an accordionstyle interface element to expose required and optional

characteristics to create a valid query. Object choices
refine the list of possible conditions and vice versa.
Data in the underlying information source could be also
used to suggest or prompt for questions to be asked.
For example, a system for a first responder system like
an EMT would be able to wirelessly access the data on
an individual’s EHR and suggest questions to ask based
on chronic conditions or current medications of the
injured person.

plans include integration with plan monitoring software
so that the system could prompt users to add
annotations when unexpected events happen. This
would be particularly useful in a home healthcare
monitoring application which would enable an individual

Maintaining Rationale over Time
Finally, there is the challenge of tracking linked data, or
more simply, the progression of events over time.
Technology developed to support operators in
maintaining situation awareness across disruptive
events (e.g. shift changes) illustrates techniques for
lightweight capture of ongoing dynamic event data. The
Situational Awareness Continuity Across Disruptive
Events (SACADE) disruption assistant (figure 2) was
designed to help people bridge gaps in situational
awareness and prepare briefings to communicate
information about event progress and dynamic
situations to others. In the healthcare information
collection domain, it could be an ongoing tool that
individuals use to help log events and enter explanatory
information about those events. It could also be used in
hospitals to get information about patient status off the
“whiteboard” and into a format that can be stored and
used as part of a dynamically updated EHR.
The SACADE data model represents key activities,
events, and decisions that occur during shift. It serves
as the foundation for pre-positioning critical information
required for a shift change briefing and is generic and
extensible across multiple domains. Future research
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figure 2. SACADE interface with annotation capability.

to track progress of symptoms, vital signs, or
medication administration and prompt for annotation
when unexpected events (missed medication,
anomalous levels, troubling trends over time) occur.

Summary
The technology assistance described in this paper
combines to create a suite of information management
assistance in the healthcare domain to support the
dynamic maintenance of EHRs containing accurate,
complete, and rich data about the health of individuals.
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Introduction

User-Centered Design Process

The application of modern technology in clinical practice
leads to a massive increase in quantity and complexity
of electronically available medical data. Thus, medical
records have become a write once read never medium
[5] and users of current commercial hospital
information systems ask for alternative, more intuitive
solutions. Interactive Information Visualization (InfoVis)
is an instrument to overcome information overload and
to make information from multiple heterogeneous data
sources comprehensible. Particularly in healthcare,
time-oriented data plays a central role, but time has a
complex structure and time models of parameters
relevant to patient care diverge [1]. Thus, physicians
can use InfoVis methods to analyze changes of
patients' conditions, evaluate therapeutic interventions,
and recognize trends, patterns, and relationships
between parameters over time [6]. For handling such
diverse and complex sets of medical parameters,
physicians need advanced interaction mechanisms for
their InfoVis systems. Obviously, these interaction
techniques need to be easy to use, so that, above all,
they do not hinder patient care, but improve it.

Intensive study of tasks and data of target users is key
to any successful InfoVis project [3]. For the
VisuExplore project an interdisciplinary project team
collaborates, which involves not only InfoVis
researchers and physicians of a local hospital, but also
human-computer interaction (HCI) researchers and
experts in hospital informatics systems. We apply
methods of user-centered design [7] as outlined below
(Figure 1):

This paper presents our VisuExplore prototype, which
allows physicians to visualize medical data available in
the hospital information system and, thus, helps them
do their daily tasks. Physicians can choose multiple
medical parameters of varied time and data models and
analyze these in a simple and unambiguous fashion.
The prototype is based on LifeLines [4], but uses
additional visualization and interaction techniques.
Further, we present our working methods as a case
study for interdisciplinary collaboration and we
summarize the requirements emerging from our
introductory user study.

150

For introductory input to the project, interviews
with five physicians resulted in general requirements
and an overview of medical tasks and parameters.



A contextual observation with one more physician
and a registered nurse yielded deeper insights into the
users’ needs.



Figure 1: User-centered design process in the VisuExplore
project


Then, we started an iterative process of the InfoVis
experts designing visualization and interaction
techniques and physicians and HCI experts giving
feedback. Earlier iterations involved paper mockups,
and then we worked with software prototypes.

For the final iterations, usability experiments are
planned and a field study will conclude the project.

Requirements
Based on the introductory interviews with five
physicians and contextual observation the following key
requirements emerged:

Simple user interface: The interfaces should be
particularly clear, simple to use, and make it possible to
gain unambiguous insights.

Flexible for various medical parameters: Different
patients or different medical disciplines require the
analysis of different sets of parameters.

typical screenshot with four visualizations that are in
alignment with a common horizontal time axis. The
visualizations shown are well-known representation
techniques for categorical and numerical data: Event
chart, line plot, bar chart, and timeline chart. They
form the basic package of the prototype because they
are easy to use and interpret for physicians without
extra training.
The prototype’s interactive features allow physicians to
get an overview of multiple medical parameters and
focus on parts of the data. Physicians can add
visualizations with one or more additional parameters.
They may resize and rearrange visualizations. Further,
it is possible to navigate and zoom across the time
dimension by dragging the mouse, by using dedicated
buttons, or by selecting predefined views (e.g., last


Time-oriented data: Various measurements of a
parameter over time need to be followed.

Multiple patients: Data of multiple patients needs
to be compared to find out whether some therapies are
more effective than others.

Interactivity: A variety of interaction techniques
such as (semantic) zooming, filtering, grouping,
opening medical documents from the visualization, and
writing annotations should be included.

Interactive Prototype
Based on the requirements listed above, we designed a
prototype for interactive visual exploration of medical
data. The diabetes outpatient clinic was selected as
prototypical medical scenario. Figure 2 presents a
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Figure 2: VisuExplore prototype showing categorical and
numerical data for a diabetes patient (anonymized medical
data)

year). Moreover, the prototype allows selecting and
highlighting data elements.
Other time-based visualization and interaction
techniques can extend the prototype to support special
purposes. For example, the document visualization
technique shows medical documents (e.g., discharge
letters) as document icons (e.g., PDF, Word) that
physicians can click on, if they want to open the
document. The prototype integrates with the hospital
information systems and accesses the medical data
stored there. It uses the Java libraries prefuse [2] for
visualization.

user-centered design and development process involves
physicians to match their requirements and needs. Our
VisuExplore prototype visualizes a flexible selection of
medical parameters over time. It provides a range of
interaction techniques, and is designed to be easy to
use as well as unambiguous to interpret.
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Conclusion
InfoVis provides powerful tools for patient care to ease
the information overload of the medical staff. We
presented our VisuExplore prototype, an interactive
InfoVis application for exploring healthcare data. Its
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Now that many health delivery organisations are
starting to use eHealth systems, researchers have
uncovered unintended negative consequences of such
systems for work practice [1]. Stakeholders could
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benefit from methods to predict at least some of the
consequences of implementing a new eHealth system.
Changes needed in system design, work practices, or
implementation plans could then be identified and
negotiated well in advance of implementation.
Most evaluations of eHealth applications are
retrospective, focusing on existing implementations
that have been partially successful or unsuccessful [2].
As part of a broad program of research, we are
developing methods and tools that support prospective
evaluations of information and communication
technology (ICT). One part of our research focuses on
the introduction of electronic health records (EHR) to
the intensive care unit (ICU). Much prior research in
this area has taken work practices as a primary focus
and information and communication technology (ICT)
as a secondary consideration. In contrast, we take
information flow as a primary focus, while noting that it
reflects the work practices of users.
In this paper we present a simplified model of clinical
information pathways in an ICU some months after the
implementation of an EHR. We show information flow
as a patient moves from the cardiac operating theatre
(OT) to the ICU. Such modeling provides a basis for
determining some of the changes in information flow
that will occur with new ICT. However such modelling
also reveals factors that challenge attempts to
prospectively evaluate the impact of new information
systems such as EHRs.

Methodology
Setting
The setting was the cardiac post-operative recovery
area of a large Australian ICU.
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Data collection
Traditionally, data flow diagrams depict information
movement and state changes in an existing system [3].
Recent field studies of healthcare environments model
system-wide workflow [4] and emphasize the
fundamental interrelation between the technical and
social features of a system [5]. We combined both
approaches and collected data on information flow via
occupational shadowing of ICU nurses, document
analysis and semi-structured interviews with key ICT
and nursing staff. We inventoried the contents of
information artifacts, electronic and otherwise, and
analysed how their contents were generated,
preserved, and transmitted during a normal work shift.
Model preparation
Figure 1 shows a highly simplified version of some of
our modelling. It shows the information sources, forms
of transmission, and destinations in three areas of
patient stay: a pre-operative area, the OT itself, and
the cardiac post-operative part of the ICU. Computer
screen icons represent various information systems
that are working independently, in conjunction with
biomedical devices, or with other information systems.
Arrows with labels are information pathways indicating
how and where information is passed between locations
and/or devices, and what information becomes part of
the paper-based record. Note that some objects persist
across the three areas of Figure 1.
The model has three types of pathways, each
associated with a work process. (1) A  D refers to
analogue to digital conversion of physiological signals,
(2) (e) refers to the exchange or transmission of
electronic information, and (3) printout refers to printed
artifacts such as lab results and progress notes.

Findings
The model plus fieldwork reveal a complex picture.
First, separate pathways support the flow of medical,
physiological, and administrative information, yet there
are points at which they converge. Second,
communication and coordination is required between
physicians, nurses and staff to successfully execute
patient care. Third, all the ICT requires some human
interaction. Fourth, a large paper-based patient chart
persists, despite the ICT present. Fifth, there is
variability in practice across nurses and patients in how

the EHR is used: work gets done in different ways,
reflecting adaptive behavior in the face of change,
uncertainty, or different knowledge levels.
Variability in practice also affects the flow of
information. For example, the integration of bedside
technologies with the EHR varied with operator
knowledge and with the availability of basic resources
such as adaptors and cables. Moreover, printouts were
sometimes filed in the patient chart but sometimes just
discarded. Finally, constraints imposed by the EHR on

Figure 1. Highly simplified and partial model of ICU information pathways, showing various existing health and clinical
information systems alongside the paper-based patient chart (square with vertical lines) and an EHR (lower right). Note
persistence of some physical objects such as patient chart and patient (circle) which move across units.
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work practices led to a variety of workarounds that
became the means of keeping the record accurate (e.g.
back-dating orders, writing in progress notes, and
relying upon verbal handover).
Variability in practice presents a modelling challenge to
prospective evaluation. Because different practitioners
in different situations arrange their information
environment in different ways, new technologies may
enhance such arrangements, disrupt them, or leave
them unaffected. Therefore, analysts attempting to
evaluate ICT prospectively must infer forms of change
from several versions of current practice. They must
also determine if new technology will pose challenges
that motivate new forms of variability in practice.

forthcoming eHealth initiatives, and they have
expressed strong interest in using the approach.
In future work we will extend and formalise the
prospective evaluation process, supplementing other
work in progress with the highly specific visual tools
that the present approach provides. We will then apply
our approach to several local eHealth initiatives.
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Implications and Future Work
Our approach of focusing primarily on information flow
and secondarily on work practices gives us a solid basis
for determining the impact of new ICT. Models such as
Figure 1 let us view the exact technical changes that
will occur, and also to see where further opportunities
for interoperability may lie. An understanding of work
practices and how they vary then lets us analyze the
different ways that the impact of a technical change
may be realised.
Our approach is useful for health informaticians,
students of workplace practices, and healthcare
professionals, all of whom in our experience appear to
recognise its usefulness. Feedback about the model and
process from stakeholders in the ICU has been very
positive. In addition, information specialists managing
ICT procurement within our healthcare system
recognise that the model and process will add value to
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Health communicators have tended to deploy
interactive systems for the purpose of message
tailoring rather than seeking active user input through
customization in message design. Based on studies
conducted in our lab, we show that health websites
seldom deploy customization tools, and when they do,
only about half the users bother to customize, driven
by considerations of efficiency, identity, and
socialization, with the other half being generally
oblivious to customization opportunities in the
interface. An experimental intervention using
customization tools that promote preventive health
regimen reveals that user involvement is a critical
factor, thus underscoring the need for designing
scaffolds and other creative tools to motivate users to
customize more actively and widely.
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Message tailoring, achieved by constructing relevant
health messages and targeting a specific group of
individuals to influence health related behaviors and
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outcomes, has been a popular health intervention
strategy for decades. Over the years, health
communicators have successfully used computer
technologies for tailoring and targeting [6]. However,
such strategies tend to place individuals at the
receiving end of messages, without much control over
message content and message delivery, thus treating
users as passive receivers of content, rather than active
information consumers.
With the changing media landscape, however, that is
exactly what many of us are becoming. We see more
and more individuals going online to look for health and
wellness related information [2], often using that
information to seek better care from their providers
[5]. Health care workers have responded by jumping
on the ‘e-health’ bandwagon and using social media
(web blogs, instant messaging platforms, video chat
and social networks) to deliver health care information
[3].
While these efforts have served to increase the amount
of health information and the ease of accessing it, they
do not adequately leverage the interactivity of new
media technologies to motivate health-related
behaviors. Studies have shown that the already
efficacious individuals are the ones who go online for
health information-seeking and act upon it [4].
Therefore, a strong motivational component underlies
the success of interactive health systems. In order to
maximize message impact, communication technologies
should not simply deliver information but motivate
users to interact with that information and act upon it.
In order to realize this, health interfaces ought to be
user-driven rather than sender-driven.
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Customization
User-initiated customization is one of the most
noteworthy features of interactive media interfaces. We
define customization as a user-initiated and largely
user-driven process [8] where information technology
users are able to make changes to the functionality,
interface, information content or distinctiveness of a
system [1]. By situating the locus of control within the
user and by enabling the user to actively solicit and
manage information [9], customizable interfaces
stimulate a sense of personal agency (a feeling of being
in control and influential within the environment)
thereby increasing their sense of empowerment.
Nascent research using the agency model of
customization [7] has shown many positive
psychological consequences of customization (such as
increased sense of self-efficacy, control, agency and
message involvement) over simple message tailoring
[9].
However, there is not enough published research on
how the new media tools and interactive features are
being used by health care professionals as well as
laypersons. We conducted a quantitative content
analysis of major health websites/ web portals in order
to review the most popular health portals and produce
a baseline estimate of deployment of interactive
customization features.

Content Analysis
Based on rankings obtained from ebizmba.com (which
takes into account a combination of indicators such as
inbound links, Google page rank, Alexa rank and traffic
data on number of visitors/ month), we sampled 20
most popular health websites, along with 25 other
websites that belonged to the following 5 health

categories: Child health, Nutrition, Fitness, Weight loss,
and Mental health. We found that a total of 22 out of
45 health websites/ web portals had customization
options, majority of them being .com websites.
Medhelp.org had the highest number of customizable
features (18 total: 5 cosmetic & 13 functional), followed
by Everydayhealth.com (17 total: 5 cosmetic & 12
functional) and Realage.com (16 total: 3 cosmetic & 13
functional).

Top 5 cosmetic customization
features in health websites

This content analysis shows that despite enormous
potential of web portals to allow active customization,
they still typically follow a traditional transmission
model of health information delivery. We also found
that there was no statistically significant relationship
between the number (and type of) customization
options and the number of visitors to the websites,
implying that customization options are not yet a draw
with users.

Survey

Top 5 functional customization
features in health websites

A follow up survey of health communication portal
users was then conducted to investigate user
motivations surrounding the use of existing
customizable features on these portals. An online
sample of Prevention.com users (n=318, 97.5%
female) revealed three main customization
gratifications sought by users: conveying personality,
bringing efficiency to the task at hand and engaging in
customization to enhance social life. Each gratification
factor significantly predicted the number of
customization features used.
We also found that the amount of online health
information seeking was significantly correlated with
each gratification factor. Interestingly, we also found
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that preventive, rather than therapeutic, information
seeking was significantly correlated with each
gratification factor.
Moreover, we also found that more than 40 percent
(44.4%) of respondents who reported never
customizing any features on Prevention.com were not
aware that Prevention.com provided such features.
Having no time to customize (30.0%) and not using
prevention.com very often to spend effort in
customizing (24.1%) were other major reasons why
respondents reported not engaging in customization on
Prevention.com.

Experiment
We conducted an experiment to assess the use and
effectiveness of customization tools in a controlled site
dedicated to prevention of colorectal cancer. We
constructed three versions of the site, with one serving
as an electronic leaflet, being purely informational. This
was our control condition. We also had a tailoring
version wherein the site would provide
recommendations for diet and exercise based on the
subject’s demographics and health history. Our third
condition was a customizable version wherein subjects
would enter their daily diet and exercise activities on
the site and obtain highly individualized feedback from
the site.
Healthy individuals over the age of 50 (n=33) were
randomly assigned to one of these three conditions and
instructed to log into the dedicated site every day for
one week. While there were no main effects, we found
that subject involvement (in the site and the
designated activity) significantly moderated the
relationship between customization and intention to

follow preventive health behaviors. The positive health
benefit of customization was clearly contingent upon
user involvement, whereas involvement did not matter
in the control and personalization conditions.

Discussion
Results from these studies suggest that although
customization promises agency and a sense of control
to users, and although these attributes positively
impact health outcomes, the mere availability of
customization features is not sufficient to promote
healthy lifestyles. It seems that we need technologies
to motivate use of customization in the first place.
What are some solutions? How can we motivate users
to customize more actively in interactive health
systems? Perhaps we could develop a suite of
scaffolding devices to help users realize the autonomy
and control afforded by these tools and therefore
engage in customization more widely. Another strategy
would be to identify drivers of intrinsic motivation and
accordingly target users who are likely to score high on
autonomy, competence and relatedness, the three
predictors of self-determination. Alternately, we could
design tools that serve to enhance these motivational
drives. At WISH, we hope to brainstorm these and
other approaches to designing effective interactive tools
for enhancing user agency en route to adopting and
maintaining healthy behaviors.
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Introduction
Social ties and social integration often play a beneficial
role in the maintenance of psychological well-being and
to a better state of mental health [1, 2]. Alzheimer’s
disease (AD) are considered by many the fastest
growing intellectual disabilities that can be affected by
the accompanying challenges to establishing long
lasting social ties [3, 4]. For instance, an elder with AD
might be physically aggressive, even pushing away all
their love ones. Social interaction may be even harder
for these populations as the new spectrum of digital
technologies
evolve.
These
new
tools
include

everything from the use of Social Networks Sites (SNS)
to personal devices for communication such as IM.
Although there are obviously many advantages to the
availability of these services, they paradoxically, are
limited in their potential for non-technical users to
socialize through them. Moreover, these less technically
inclined individual may even feel like outsiders in their
off-line social networks or families, contributing to
further cognitive decline and isolation. To fully support
these populations, then, we require a new computing
paradigm: one capable of seamless integration of both
traditional and digital social communication tools.
In this paper, by binding the ideas of sentient
computing [5] and ambient displays [6], we explore a
new way to augment everyday objects as digital
artifacts acting as a natural interface for people to
interact with an ubiquitous computing environment. To
demonstrate the feasibility and applicability of our
approach, we describe a sentient display capable of
monitoring elders’ context and providing them with
continuous information in a subtle, peripheral and
expressive manner about their social network.
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Similar studies have explored ambient displays to keep
elders in touch with people they care about. For
instance, the CareNet display [7] and the Family Digital
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Portrait [8] are digital frames augmented with elders’
information such as patterns of communication or
information about the ADLs being conducted to inform
relatives about sensitive data facilitating day to day
care. In contrast other have explore mechanisms that
allow relatives to send relevant information to the
elder. For example, the Epigraph [9] is a screen divided
into a number of channels, one representing each
family member. Channels can be updated via email,
text or picture message.

Understanding social ties: A case study
For a period of four months, we studied the social ties
of elders in three conditions: (a) elders with cognitive
decline that live in a private nursing home (b) elders
living with their relatives or independently and (c)
elders participating in a social network site (SNS)
(Figure 1). A total of 9 elders, 32 of their relatives and
the nursing manager participated in the study.
Figure 1. Participants of our study
during
one
of
the
day
of
observation
(a)
Elders
with
cognitive decline that live in a
nursing home (b) Elders living with
their relatives or independently and
elders participating in a social
network site (SNS)

Information shared and communication patterns
The information shared is highly varied, including
everything from merely shallow interactions, such as
jokes to information that include emotional elements,
such as problems or feelings. During this study,
participants shared mostly shallow information when
they were face-to-face. This could be partially
explained,
because
they
interact
quite
often.
Furthermore, the time they spend together is used as
gateway to escape from their problems and their
everyday routines, aiming instead at having a playful,
nice and relax time. In contrast, the type of information
shared in a SNS is very explicit and frequently includes
information about feelings and moods such as detail
about participants’ location, activity or status. Patterns
of communication depended on the time people spent
together, their proximity and the stage in their lives.
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Becoming an outsider due technology usage
One of biggest barriers of maintaining a strong
emotional tie uncovered in this work was the
disassociation of the elders with those relevant events
that arose in the everyday lives of their relatives, such
as a grandson’s soccer game or daughter’s problems at
work. As a result, elders’ conversations often remained
superficial, making it difficult to preserve long-lasting
deep personal relationships. To cope with this
emotional detachment, photos can be shared between
elders and their relatives. In addition, families used
SNS to maintain communication with other relatives,
coworkers or friends. However, these individuals did
use these sites to connect with their non-technical
elderly relatives. Thus, the elders sometimes described
feeling disconnected with such community and even
feeling like “outsiders” in their own families.

A sentient display to connect people to SNS
The study findings motivated the development of a
sentient display to integrate elders with cognitive
decline into SNS. We defined a sentient display as an
everyday artifact augmented with digital services
capable of perceiving information from the environment
to then offer continuous awareness or allow users to
change the ubiquitous environment [10]. This sentient
display is a digital frame –the ePortrait (Figure 2)- that
works in pair with a decorative bowl –the eBowl (Figure
3)- to provide elders with everyday knowledge about
their relatives and feedback to the SNS.
The ePortrait collects ten new photos uploaded by each
member to Facebook (Figure 2). The system then edits
the photo’s content by adding a caption at the bottom
of each photo and the owner’s image at the left side
(Figure 2a). Next, it publishes the downloaded photos
in a RSS file to be read by the digital frame.

The eBowl is a bowl decorated with an array of leds
that emit derided light patterns as virtual laughter from
relatives and within the bowl aesthetically pleasant vine
balls containing RFID tags are used to control the
information in the ePortrait (Figure 3). The bowl lies on
a wooden base that contains a Phidget RFID reader to
monitor the RFID tags, a PhidgetLED to control the
array of LEDs and a netbook, which controls both
phidget boards. The eBowl allows the elder to share the
current joke displayed in the digital frame by placing a
unique sharing vine ball inside the eBowl. Once the joke
is sent, every family member has the opportunity to
read and rate the joke from one to five stars whether
they like or dislike the joke. At a given time, the ejoke
service collects the rates of the current joke and
displays a light pattern on the elder’s eBowl as an
indication of the family members laughs. In addition,
the eBowl is used to notify relatives whether the elder
is home. When the elder places her home keys inside
the eBowl, her status in the social networking system
changes to “at home”; when the keys are removed, her
status change to “outside”.

Evaluation

Figure 2. The ePortrait (a) The digital
photo modified to be displayed in the
digital frame (b) An elder using the
ePortrait (c) The ePortrait placed in
the TV room

We conducted a preliminary field trial of our prototype
system with one family. From the elders who
participated in the original fieldwork, we selected
Dana1, an 88 year-old grandmother whose family
members are geographically distributed, many of whom
have been using Facebook at least two years. Her
family members include 18 adults across two
generations. Both sentient displays were deployed in
the grandmother’s house (Figure 2b,c and Figure 3c).
Dana rapidly adopted the sentient display and
1

All names have been changed to protect the privacy of our
informants.
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described it as pleasant and attractive. She stated that
it was a way to keep up with family events:
“to see if there is something new, to be informed…”.
Pathways and communication routines
Dana changed her daily routine to include viewing the
photos every morning for around 30 minutes. The
sentient display acted as a communication enhancer by
providing awareness of her relatives’ activities and
generating new topics of conversation. The system also
provided relatives opportunities of knowing when the
grandmother is “at home” to choose a good time to call
her. Throughout the pilot study, family members
demonstrated new patterns of use of the SNS. For
instance, one son joined Facebook motivated by the
opportunity of sharing photographs with her mother.
Moreover, we observed a change in the content of the
photographs and an increment in some activities in the
family social network like tagging the grandmother
when she appeared in a photograph.
Acting as a virtual entity and communication enhancer
Dana used the ePortrait as a virtual entity of the family
members in the SNS to induce a sense of presence.
She described feeling emotionally connected with her
loved ones even if they could not visit or call her. In
general, photographs helped the grandmother feel in
contact with her relatives even when they cannot visit:
“I keep seeing them… as when they come to visit
me […] and I realized that we have more topics to
talk about”.
Digital social interaction engagement
Relatives’
activity
in
the
SNS
was
rather
heterogeneous—largely due to similarly heterogeneous
computer usage patterns, but overall, they described
being pleased with the participation of their

grandmother in the SNS. As a result, they incorporated
several strategies to involve her. For instance, more
photographs with family content were uploaded
Facebook with the aim of increasing the probability that
share them with their grandmother. Another strategy
was to tag the grandmother when photographs so she
can see them more quickly. Consequently, Dana began
using digital information as an information source when
socializing with their love ones. For instance, an elder
explained:

2. Morris, M., J. Lundell, E. Dishman, and B. Needham. New

“I told them last night a joke about a photo. I like it
because now I know about what can I talk to them”.

in preventing dementia. Indian J Psychiatry, 2009. 51(5):

Conclusions and implications of our work
Sentient displays offer a new type of interaction,
helping elders to connect with SNS while avoiding the
high cognitive load present in the standard interfaces of
these systems. ePortrait is an affective digital frame
that allows an elder to become part of a social virtual
network and keep in touch with her relatives’ life.
Evaluation results highlight the importance of providing
feedback so that a bidirectional sense of presence in
the social network can be established. This research will
contribute to new opportunities of use of the online
communities by giving new ways of interaction to the
elderly. We plan to investigating the advantages and
problems of using ambient information systems to
integrate the elders to these online communities will
provide feedback into the design of these systems and
might help prevent isolation, disassociation and
enhance their quality of life.
Figure 3. The eJoke (a) Component
of the eJoke and (b) An elder using
the eJoke
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Introduction
Chronic kidney disease (CKD) is the ninth leading cause
of death in the United States [1]. CKD is a progressive,
permanent condition in which kidneys are damaged and
gradually lose their function. The final stage of CKD is
end-stage renal disease (ESRD), where people require
dialysis or transplantation in order to stay alive. ESRD
is thus a demanding and life-threatening disease;
indeed, 17% of all ESRD patients in 2006 died [7].
ESRD is also a disease characterized by health
disparities. Specific groups experience higher rates of
disease, as well as disproportionately poor healthrelated outcomes. Young adults (YAs) and rural
dwellers are two groups which experience such
disparities. YAs are less likely to adhere to ESRD
treatment, thus increasing their morbidity and mortality
risks [6]. Similarly, rural dwellers who live a greater
distance from renal health care services experience
worse quality of life and higher mortality rates [4].
Peer mentoring—training selected patients to listen to,
empathize with, role model for, and empower other
patients—is an effective approach to enhancing
communication and patient education [3]. The National
Kidney Foundation of Michigan (NKFM), our partner in
this research, has achieved success with an adultfocused, peer mentoring program [5]; yet, challenges
exist when extending this model to certain populations.
Because YAs constitute only 2.7% of dialysis patients in
the US [7], they are often the only young person in
their dialysis unit. Consequently, YAs may feel alienated
from other patients, who tend to be 65 or older [7]. In
a similar manner, rural residents with serious illnesses
have limited access to peer support groups [2], and
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may have more difficulty meeting peers than urban
residents.
We report here the pilot results of a research program
which aims to extend the reach of peer mentoring to
YAs and rural dwellers, two groups with fewer
opportunities to meet peers. Through three pilot
studies, we investigate the potential of offering online
peer mentoring for both groups by examining their
experiences and needs. Findings reveal much promise
for online peer mentoring, but suggest that very
different approaches are appropriate for each group.

Three Studies
Study 1: Key Informant Interviews
We conducted key informant interviews with eight
NKFM staff and volunteers. The interviews lasted from
one to two hours, and focused on the experiences of
ESRD patients and their needs for, and experiences
with, peer mentoring. The interviews were audio taped,
transcribed, and analyzed using a constant comparison
approach. We also conducted informal interviews with
18 renal health care providers to learn about YA needs.
From these interviews, we learned that rural ESRD
patients experience difficulties with transportation to
hemodialysis treatments three times a week. Such
problems may be associated with insufficient financial
resources, winter weather, and a lack of local
transportation services. Consequences of transportation
issues are serious; for example, they may result in
missed or shortened dialysis sessions that could be lifethreatening to the patient. Rural dwellers, who are
disproportionately elderly and poor, may also
experience greater challenges in obtaining information,
particularly due to lack of Internet access and computer

competency. However, we found that the time spent at
dialysis could be an opportunity to provide peer-based
education and support, given that patients must spend
a long period of time at clinics while dialyzing.
We also learned that renal health care providers are
concerned about YA non-compliance with treatment.
For example, they expressed sentiments such as ―they
[YAs] think they are invincible,‖ ―they don’t listen,‖
―their priorities are all mixed up,‖ ―they don’t tell us
what they are really doing,‖ and ―I worry myself sick
about them.‖ Because of their challenges in dealing
with YA patients, these providers expressed enthusiasm
at the idea of online peer mentoring for YAs.
Study 2: Ethnographic Observation in a Dialysis Clinic
Based on results from our key informant interviews, we
conducted ethnographic observations to investigate
whether dialysis clinics might be an opportune location
for providing peer mentoring. We conducted 40 hours
of ethnographic observations in an urban dialysis clinic
in order to understand: 1) whether, and how, ESRD
patients currently exchange information and support in
this setting; and 2) current technology use in clinics.
We observed many instances of patients offering
support and encouragement to each other, but this
primarily took place in the clinic waiting room. Patients
often inquired after each others’ health and recent
experiences, medical or otherwise. Several told each
other to ―have a good run‖ and to keep sticking with
treatment for its benefits, even if some days were
tough. Some patients also shared information related to
ESRD, such as what happened with procedures they
underwent or how they got help resolving difficult
financial aspects of their healthcare. However, many
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patients who interacted in the waiting room did not
continue conversing once seated for dialysis. This was
likely due to the physical layout of the clinic, which
created large distances between patients, and
background noise from dialysis machines, televisions,
and staff calling out to each other while working.
Based on these observations, we concluded that
interaction between patients may be further facilitated
through use of laptop computers in the dialysis clinic, to
help patients ―speak to‖ each other—for example,
through real-time chat. Moreover, interview data
revealed that providing Internet access may be
appropriate for rural dwellers, since they are less likely
to have connectivity at home. However, YAs require a
different approach. Our observations revealed that YAs
who struggle with compliance often miss dialysis
treatment. Since YAs are also more likely to have
Internet access outside the clinic, a more distributed
(e.g., web-based) approach seems suited to them.
Study 3: Pilot Peer Mentoring Intervention with YAs
In a third effort, we created a DVD of interviews with
YA peer mentors that included YAs discussing the effect
of ESRD on their lives. In addition, based on
participatory design sessions with YA peer mentors, we
developed an online patient community website,
ktalk.org. On ktalk.org, YAs can interact with those
featured on the DVD, who act as peer mentors on the
website, as well as other YAs who join the community.
This hybrid intervention was deployed in a preliminary
trial with 39 YA dialysis patients who viewed the DVD
and were given a registration code for ktalk.org.
We found that the ktalk.org site garnered interest from
YA participants, with 15 of 39 (39%) of those invited

joining the site. The majority of the conversation on
ktalk.org took place on the individual profiles, rather
than in online forums. While young people expressed
enthusiasm about the site in their online posts, we
found that the small numbers on the site meant that
discussions often petered out after a few responses. As
such, the majority of the content on ktalk.org involved
personal introductions. Anecdotally, however, some YAs
indicated that ktalk.org had helped them, such as when
making treatment decisions. The authors were further
encouraged that eight months after the launch, YA
participants were still communicating on ktalk.org.

Implications and Recommendations
Findings from our research confirm the initial premise
that online peer mentoring is a promising strategy for
addressing challenges facing YAs and rural dwellers.
However, this study also reveals the necessity of
utilizing different design and implementation strategies
based on the unique needs of each group. Next steps in
this research program include further development and
evaluation of separate rural and YA online peer
mentoring models. Our rural research will involve
observations and interviews in rural dialysis clinics in
order to look for uniquely rural features. We will then
conduct participatory design sessions with rural ESRD
patients, deploy laptops in dialysis clinics and work with
NKFM to train rural peer mentors. Further, we will
deploy and evaluate the intervention on a pilot basis.
As for the YA model, we will continue to offer the YA
website, ktalk.org, to the YA participants of the study
as well as other YAs with ESRD. In so doing, we plan to
work with NKFM to increase the number and scope of
participants. We will also study activities on ktalk.org to
shed light on the online behavior of this group.
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As we move forward with this research, we plan to
investigate our hypothesis that online peer mentoring
can improve the quality of life of YAs and rural dwellers
with ESRD, while addressing factors which contribute to
the health disparities that they confront.
This work was supported in part by Grant #
UL1RR024986 received from the National Center for
Research Resources.
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The increasing availability of electronic hospital records
has already improved hospital process and provided
indirect benefits to patients through increased provider
efficiency. However, to date, electronic medical records
are typically not presented to patients during hospital
visits, and are not structured to be accessible to
patients. We suggest that the lack of patient-friendly
views into the medical record represents a missed
opportunity to keep patients more informed about their
own care, more engaged in dialog with physicians, and
ultimately more compliant with medical instructions
when they leave the hospital. In this position paper, we
describe the basis for this perspective, we summarize
our own results from a study exploring patient and
provider responses to real-time, patient-facing views
into a hospital’s electronic medical record (EMR), and
we propose future work regarding the automation of
such displays.
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Introduction: Patient-Facing EMR Systems
Electronic medical records are gaining traction in both
hospitals and private-practice clinics, and numerous
nation-scale efforts are presently attempting to make
electronic medical records ubiquitous. [2] and [3]
discuss the tangible benefits of EMR adoption. Reasons
frequently cited for the value of the EMR transition are
efficiency of information transfer among providers,
comprehensive record-keeping for liability mitigation,
and accurate and efficient record-keeping for
streamlined billing. Anecdotally, providers rarely cite
“keeping patients more informed” as a primary benefit
of electronic record-keeping.
In parallel, however, medicine is seeing a philosophical
shift toward patient ownership of information. The
Health Information Portability and Accountability Act
(HIPAA), passed in 1996, provides a legal foundation
for this trend, guaranteeing patients in the U.S. access
to their medical records. The emergence of personal
health record (PHR) systems and their (slow but
promising) connection to electronic medical records
offers a realistic path for convenient access to the
records promised to patients under HIPAA.
However, the availability of medical records is just the
first step in making those records useful to patients and
their families. By necessity, EMR systems are
structured to be practical for their primary consumers:
physicians, nurses, lawyers, and hospital
administrators. Patients are rarely (if ever) taken into
account when considering the language and user
interface built into an EMR. The information at the core
of the EMR – diagnoses, test results, tests ordered,
medications, etc. – is similarly written by providers for
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providers, in language that is accurate and efficient for
inter-provider communication.
Furthermore, this may be an inevitable condition within
EMR systems: it is likely not possible in the foreseeable
future for providers to craft every medical note to be
patient-friendly, nor would we want this at the expense
of accuracy and efficiency in patient care.
We thus postulate that EMR systems will offer
significant direct benefit to patients, but that significant
research is necessary in finding the right analysis,
translation, and presentation techniques for
automatically building practical patient-facing interfaces
to modern EMR systems.

The Real-Time, Patient-Facing EMR
While there are numerous scenarios in which automatic
analysis of EMR content could produce useful patientfacing materials, we focus on a particular scenario in
our own work. Specifically, we examine the practicality
of using the EMR to keep emergency department (ED)
patients more informed about their care in real-time
through in-room displays.
We note that large displays and diverse input systems
are becoming so ubiquitous and affordable that –
particularly given that the cost of such items in a
medical context can be amortized over many patients –
it is reasonable to propose that such technologies can
be made available to patients in a wide array of
hospitals. We further note that the emergency
department is particularly well-suited to this type of
information presentation, since (1) the temporal
density of medical events is extremely high, (2) the
chaos of the ED environment often prevents providers

from spending extensive time communicating with each
patient, and (3) patients often drift rapidly and
unpredictably among states of awareness, suggesting
that a persistent information display might be
especially valuable (so that information can be available
whenever a patient is prepared to consume it).

Patient-Facing Displays: Initial Study
In [1], we present the results of our initial exploration
into the methods, benefits, and limitations of patientfacing, in-room displays in an urban emergency
department. This study was conducted using a realtime Wizard-of-Oz technique, in which paper prototypes
were prepared using information gathered from the
EMR used within the ED. Patients received either largeformat (3’ × 4’) posters (13 patients) or letter-sized

Figure 1. Display prototype prepared as a 3’x4’ poster.
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handouts (5 patients). Examples of each prototype
form factor are presented in Figures 1 and 2.
We designed our prototypes to contain several
information categories, allowing us to explore patient
responses and preferences, provider responses, and
preparation challenges associated with each. We
specifically aimed to include the following categories on
each poster:
1)
2)
3)
4)
5)
6)

Reason for present visit
Vital signs
Care team (including names and photos)
“What’s Next” (pending steps in the care process)
“We’ve Completed” (previous steps in the care
process)
Medications administered in the ED

Figure 2. Display prototype prepared as an 8.5”x11” handout.

data from the EMR and the adaptation of that
information for patient viewing, using natural
language generation, machine learning techniques,
and heuristics that we have built from our initial
experiences in the ED.

We point readers to our paper for a full description of
our prototypes and the results of semi-structured
interviews with patients and providers, but we briefly
summarize our results here:
1)

2)
3)
4)
5)

6)
7)
8)

Overall, “What’s Next” is the perceived by patients
as the most useful display component, with some
dissenters.
Patients liked the information display in general,
even patients who already felt well-informed.
Privacy was much less of an issue than we
expected, with a few important caveats.
Patient displays facilitate within-visit information
sharing among patients and visitors.
Patient displays will likely facilitate post-visit
information sharing with family and other
providers.
Patient displays provide memory aids in the ED.
Providers were generally supportive of an in-room
information display.
Most of the information necessary to prepare an
effective information display can be extracted from
an EMR, but there are still important gaps that
need to be filled in by physicians.

2)

Our initial study looked only at a small deployment
in a single emergency department. However, we
propose that the principles gleaned from our initial
work and the technical developments discussed in
(1) will apply to a variety of display types (in-room
displays, discharge materials, online viewing of
EMR data at home, etc.) and a variety of clinical
environments. Further work is necessary to
evaluate the appropriateness of patient-facing
views on the EMR for other scenarios.

Supplementary Materials
The full set of display prototypes used in our study is
available in the supplementary Web page prepared to
accompany our paper:
http://research.microsoft.com/cue/patientdisplays
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Introduction and Background

older parents, and older adults. Forty-three semistructured interviews were conducted with this sample
during April-May 2006. Each interview covered the
participant’s current health records and how they are
used; the types of data they would like to keep; the
circumstances under which they would create, maintain, and use a PHR; and the usability, privacy, and
security of PHRs. The interview transcripts were inductively coded and analyzed further using Nvivo (v.7).

Personal health records (PHRs) contain the information
that individuals need to make decisions about their
health and are owned and managed by the individuals
they describe [1]. Thus, they are distinct from and
complementary to the electronic medical records held
by healthcare providers. PHRs also include software
tools that allow healthcare consumers to interact with
them [5]. PHRs have the potential to empower people
to participate more fully in their healthcare management [4]. However, designing PHRs so that they are
usable by healthcare consumers presents a variety of
challenges.

Results and Discussion
Study participants raised and discussed a number of
issues in relation to their possible interactions with a
PHR. Results related to the ways in which users might
add/edit and use their PHRs are briefly summarized and
discussed here, including issues related to who will be
able to view and edit the PHR.

Based on previous studies, healthcare consumers can
be expected to use their PHRs for a variety of purposes,
from reviewing lab results, to monitoring trends in their
health status over time, to making an appointment to
see a physician [2,6]. While people can envision many
possible uses for PHRs and over 150 different PHR
systems are now available [3], it is not clear that a PHR
can be designed that will be usable by the intended
audience. PHR usability considerations need to take into
account PHR functionality (e.g., entering and sharing
data), the data to be stored (e.g., lab test results and
physician appointments), and specific usability issues
(e.g., complexity, flexibility, and user control) [3].
Results from this study provide the basis for concrete
recommendations for designing usable PHRs.

Creating and editing the PHR
A core aspect of the definition of a PHR is the control
that the healthcare consumer (rather than the healthcare provider) has over the content of the record. Many
of the study participants recognized the advantages
provided by such control, such as the integration of
data from their medical records and their personal
experiences. For instance, participants noted their
desire to be able to annotate their existing medical
records with notes about specific symptoms or their
reactions to a doctor visit. As Edouard1 said, “If I were
to have symptoms, let's say I'm feeling dizzy someday,
I might want to just enter it. I would say it is not worth
calling a doctor. At the same time, I might want to
enter this in case it proves significant.” Sandy wanted
to ensure that her own knowledge was included in the

Methods
The study was intended to be diverse, including four
specific groups of healthcare consumers that are likely
to be early adopters and heavy PHR users: parents with
young children, adults with chronic diseases requiring
self-management (e.g., diabetes), adults caring for

174

1

Pseudonyms are used for all participant names.

record, pointing out that, “The doctor has a lot more
knowledge about anatomy and physiology, but sometimes a doctor, even if they listen very well, just doesn't get what you're saying or doesn't understand you.”
While most people believed that their health care providers should be allowed to view their PHR (even records
aggregated from several providers), some expressed
reservations about allowing complete access, particularly to their personal annotations. At the same time, a
few of the participants expressed no interest in controlling their own records. They believed that their doctors
could and should maintain all the information needed.
Jack summed up this perspective: “We don’t worry
about [our health information]. The doctors… keep it.
Our house can burn down faster than the [doctor’s
office]. They have computers. They can put it on their
computers.”
A few respondents had concerns about whether they
were qualified to maintain a PHR, stating that they
would be more comfortable with the accuracy of the
records if professionals were responsible. They were
particularly interested in having their healthcare providers be responsible for entering technical information,
such as lab results. As Evelyn suggested, “I guess,
results of tests, it might be nice to have him or her do
it rather than me, because they apparently understand
the medical terminology better.”
Given these results, it seems most workable to allow
the healthcare consumer to download records from the
provider’s system and to augment them with personal
notes. Some of the participants suggested that a Q&A
dialogue might aid in the addition of content, pointing
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to Quicken personal finance software as an example of
the type of interaction desired.
Using the PHR
The study participants expected that a PHR would
provide assistance to them in understanding and
interpreting the data stored in it. They wanted to know
such things as what test results mean and whether
they’re in a normal range or not, how their health
conditions have been changing over a period of time,
and whether they’ve been successful in managing a
chronic disease. Thus, the design of the PHR display
must include mechanisms for both general and
personalized assistance in interpreting the data.
Participants would also like to be able to filter and sort
the entries in their PHRs. They would like to be able to
filter the entries based on time period (e.g., date range
or seasons), condition/disease or body part/system
(e.g., heart/cardiac condition), and physician. They
would like to be able to sort the entries based on these
same attributes: date, condition/disease, physician.
Many of the participants’ comments focused on displaying data/trends over time. For example, Judy wanted to
see, “If I had problem with my blood pressure. Just to
notice if there is a pattern or general variations in my
health, trying to figure out what it is impacting.”
Similarly, Evelyn said, “It would be cool to plot out from
a 10-year period or whatever, things like cholesterol
level, the IDL and HDLs. And blood pressure. The kind
of things that matter. Bone density. See it on a plot –
that would be cool.” From these example comments,
it’s also clear that PHR users would like to have a fair
amount of control over the displays they received,

adjusting the time periods and the content of the
displays through easy-to-use tools.
Participants also spoke about the usability criteria to be
applied to a PHR. While most of these comments were
quite general (asking that the PHR be convenient, easy
to use, or user friendly), others were more specific. For
example, Margaret mentioned accessibility issues: “Is
there a way to do voice recognition, for people who
have visual impairments or for people who may have
literacy issues?” Sandy was concerned about errors in
the data: “I have no concerns other than, possibly,
someone entering the data might make an error. The
doctor may make an error in computerized entry.
Anyone can make an error.” From these comments, we
can conclude that certain aspects of usability are
particularly important for PHR design.

Conclusion
While PHRs are already available to healthcare consumers, their form is not yet established and we have the
opportunity to incorporate users’ perspectives into their
design. Findings from this study of the behaviors and
opinions of a variety of people likely to need PHRs can
be used to improve PHR usability. They promote a
vision of a PHR that is collaboratively created from
electronic medical records, patient/user notes, and
healthcare provider notes. Such a PHR can be used by
healthcare consumers to understand their own health
status more completely – by understanding their
current health status and being able to track trends in
their health indicators over time. With an accessible
and understandable view of information about their
health, people will be able to participate more fully in
managing their health care.
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Introduction
In a world where healthcare work is increasingly
complex and collaborative, and where healthcare
systems and organizations face significant challenges in
managing huge volumes of information, there are
interesting opportunities for new technologies to
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facilitate and enhance the effectiveness and safety of
the work. Yet in spite of this, studies of healthcare
work reveal a continuing reliance on artefacts such as
informal paper notes, forms and status boards and
there have been several notable failures of Information
and Communication Technologies (ICTs) introduced in
clinical settings. One reason for this has been a failure
to take adequate account of the situated clinical work.
In response, there is now a greater appreciation of the
important contribution that many disciplines, including
human-computer interaction, can make to the design of
healthcare ICT systems. This view has underpinned
recent work that we have undertaken in the
development of PaperChain, a novel system to support
one specific form of collaborative healthcare work
known as clinical handover. The design of PaperChain
was user-centered and participatory; it was motivated
and inspired by workplace studies of handover. In this
paper, we briefly summarise our studies and the
resulting PaperChain system. Our aim is to exemplify
the rich insights we gained from a strong focus on the
work and the benefit this brought to the design.

Background
Clinical handover is the process by which responsibility
for patient care is transferred from one healthcare
practitioner or group of practitioners to another and in
which relevant information may be shared between the
two parties [3]. We have been investigating clinical
handover for a number of years and one of our
interests has been the potential role of information
technology in supporting effective handover.
To understand this role, where technology may be
useful and where it may be less so (e.g. see [2]), we
have undertaken substantial field studies of handover.
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These studies were located within a variety of hospital
settings [3] and focused primarily on nursing shift
handovers, medical shift handovers, temporary
delegations of responsibility and transfers between
settings (e.g. from an Accident and Emergency
department to an admitting ward). The studies took the
form of non-participant observations recorded as field
notes, audio recording of verbal communications and
informal interviews with staff. We have spent over 700
hours in the field undertaking these studies and have
acquired a rich set of data.
Handover has tended to be regarded as a batonpassing activity, in which there is a single point of
transfer of responsibility and information. Based on our
field studies, we have suggested that it may instead be
fruitful to view handover as a process and the
attendant information sharing as on-going activity
(rather than a single transition) that promotes good
clinical situation awareness [3]. This reframing of
handover motivated and has grounded the
development of PaperChain, a system designed to
support the real-time sharing of clinical information for
one of our field study sites, a paediatric ambulance
transport service in London, UK.

Workplace Studies
The ambulance service transports critically ill children
from regional hospitals that do not have intensive care
facilities to the paediatric intensive care units (PICUs)
of major London hospitals. It also provides advice on
the treatment of children either prior to transporting
them or instead of doing so, in situations where
transport is deemed inappropriate. The service is
staffed by doctors and nurses, and the transport or

“retrieval” of each child is a collaborative activity
involving multiple healthcare professionals.

system but about the nature of the work and the
circumstances in which it was conducted. For example:

We spent 111 hours at the ambulance service as part of
our initial field studies (and many more hours since
then). We observed the work at the base office,
travelled on retrievals, and conducted informal
interviews with the staff. The retrieval of a child starts
when a regional hospital phones the office of the
transport service. At the time of the field studies,
details of the case were then recorded on a multi-page
paper form by an administrator and a trainee doctor
known as a “fellow”. If the decision was made to
retrieve the child, a team consisting of the fellow, a
nurse and an ambulance driver would be mobilized and
would travel to the regional hospital taking the paper
form with them to record further clinical details. Senior
physicians, who generally remained at the base office,
did not have access to the information on the form and
had to rely on a telephone handover from the fellow
prior to authorizing transport of the child.

The fiction of a normal course of events
Healthcare work is well-known for its contingent and
responsive nature. When we spoke to the staff about
their work they gave us a high-level, process-oriented
description of how the service operated and what
happened on a retrieval. This was very valuable but
with the field studies it rapidly became apparent that
retrievals rarely (or never) conformed to this idealized
description. Instead, they varied in myriad ways that
we could not have anticipated and which the staff
would not have been able to articulate easily. It
became clear that our system should not be
constrained by a strong, process-oriented view of the
work but instead should acknowledge the non-normal
courses of events, allowing staff to flexibly capture and
view relevant clinical information irrespective of what
happened in practice.

Based on the field studies, we set out with the goal of
developing a system to support better real-time
information sharing between the clinical staff, thereby
taking the pressure off “baton-passing” handovers.
Specifically, the aim was to improve information
sharing between the team who travelled to the regional
hospital to stabilise and transfer the child, the senior
physicians and others at the base office and the PICU
staff. The field studies yielded valuable information
about handovers, how they happened, what
information was communicated etc, and this informed
the design of PaperChain. However, some of the most
valuable insights were not about the functionality of the
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Benefit without pain
The priority for the doctors and nurses on a retrieval is
looking after the patient. They are working in highpressure, sometimes life-critical circumstances. When
dealing with a critically ill patient they have no capacity
or motivation to use a system that adds to their work
or removes their attention from the patient unless
there is some immediate benefit to be gained. For us,
this was an imperative for truly lightweight data
capture and an argument against the perhaps obvious
solutions of a PDA or tablet PC-based system.
Similarly, staff at the base office are busy and perhaps
unlikely to access a display that requires effort on their
part. We needed a display paradigm where information
was “pushed” not “pulled”.

PaperChain

Status and Brief Reflection

PaperChain uses a novel combination of digital
pens/paper and shared displays to provide light-weight
capture and sharing of information in (almost) realtime. Digital pen and paper is a relatively new
technology. Anything written on digital paper with a
digital pen is captured electronically and can be
immediately transferred to a central server via the
mobile phone network.

PaperChain is a robust research prototype. It has now
been deployed for several months and is in routine
everyday use. We are currently evaluating its impact
through post-deployment field studies using multiple
evaluation methods. While there have inevitably been
some practical problems, our experiences thus far, and
the enthusiasm with which the clinical staff have
embraced PaperChain, suggest that this combination of
technologies has much promise. The strong focus on
the work provided by the detailed workplace studies
was invaluable and demonstrates (yet again) the
benefit of multidisciplinary approaches in healthcare
ICT design. The value of the studies was not just what
they revealed about the tasks and the information flow,
but what they told us about the many ways in which
work routinely varied from the norm and which had to
be accommodated in a flexible design.
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the base office acts as an “awareness display” [1],
providing a continuously updated view of current cases
and giving staff access to the digital form (Figure 1).
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Abstract
We describe how an interdisciplinary collaboration has
created a “living laboratory” in which researchers maintain a direct and ongoing loop between innovation and
production and study true adoption of technology in real
world settings. The collaborators include the Department of Biomedical Informatics and the Department of
Computer Science at Columbia University, industrial
partners developing commercial health IT applications,
and New York-Presbyterian Hospital’s Columbia University Medical Center. In this paper we discuss our current
projects, and mention some of the unique benefits and
challenges of building a living laboratory for health information technology.
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Introduction
The health care industry maintains tight connections
with research communities in such areas such as Computer Science (CS), Human-Computer Interaction (HCI),
and Biomedical Informatics, among many others. Traditionally, researchers investigate problems experienced
by health care professionals and identify opportunities
to enhance work practices with novel technologies. Oftentimes, especially in the field of HCI, researchers work
with potential users of new technologies through formative studies, user-centered design approaches and evaluation studies, often leading to prototypes. Occasionally, these prototypes inspire new commercial products
that are adopted by health care professionals and shape
the way health care is delivered. In many cases, however, the engagement of research does not extend
beyond the initial investigation and prototyping phases,
and opportunities to study adoption of innovations and
incorporate lessons learned into the design of new technologies are limited.
In contrast to this approach, the New York-Presbyterian
(NYP) Hospital’s Columbia University Medical Center,
jointly with the Department of Biomedical Informatics
and the Department of Computer Science, have cultivated a “living laboratory” environment in which technological innovations can be deployed for use in real
clinical settings. Throughout the years, these innovations included complete Electronic Health Record (EHR)
systems for the hospital and a number of novel applications that have enhanced commercial health information
technology (IT) applications used by the hospital [2].

Current Collaborative Projects
We are applying our experience with system integration,
patient-centered design, computerized provider order
entry, and electronic documentation to design clinical
innovations focusing on quality, safety, and effective-
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ness. Below, we outline current projects on which we
are collaborating.
Including patients and their loved ones as part of the
inpatient care team.
This project focuses on the design of patient-centered,
bedside information technology, linking the inpatient
EHR with the hospital’s personal health record (PHR)
system. We build on previous work on collaborative
communication among the care team, including studies
of patient handoff, goal-setting, and task coordination
to answer the question: how can we include patients
and their family members in the care team?
Achieving effective medication reconciliation across care
settings.
We are conducting a formal study of the paperless medication reconciliation process at NYP that uses a medication list based on discrete, coded elements to bridge
ambulatory and inpatient care settings.
Improving electronic documentation tools and assessing
their use.
We are currently evaluating the impact of electronic
documentation at NYP (over 100,000 clinical notes are
entered each month into the EHR). Through commercial
systems that we have augmented and deployed [6],
and research prototypes used in design explorations
[7], we are investigating new approaches to information
retrieval for documentation and content management.
We are beginning to answer questions such as: How can
technology enable relevant information retrieval from
unstructured documents? How can technology better
enable clinical notes to serve as effective communication artifacts?
Extending the reach of the EHR using mobile devices to
support task management for clinicians.

For this project, we are developing technology to support the delivery of subscriptions to messages originating in the EHR (e.g., laboratory results and task reminders) to care team members, via mobile devices
such as the Apple iPhone. This project explores questions such as: how can mobile technologies better enable care team members to coordinate tasks and share
information? What types of interaction and presentation
techniques can permit clinicians to view and manage
notifications and alerts in the context of care delivery?

!
Our particular approaches to these and former projects
point to a number of unique benefits for the researchers
in HCI, CS, Biomedical Informatics and related fields.
However, they also face a number of challenges. Next,
we discuss these challenges in the context of design,
implementation, and evaluation of technology. The list
presented here is far from exhaustive; our hope is to
highlight some salient points that could inspire a discussion within the community.

Design Challenges
Health and medical care are extremely expertise-heavy
domains. Medical professionals undergo years of intensive training and continue to refine their expertise
throughout their practice. This limits the designers’ ability to become domain experts. At the same time, medical professionals are some of the busiest people, leaving
little opportunity for traditional user-centered design
processes, such as interviews, observations, and participatory design [1,5]. These challenges present a need
for different approaches to engaging users in research
and design. We found that short but intense feedback
sessions (e.g., 30 minutes [7]) can save clinicians’ time
and provide sufficient information to inform ongoing
research and design. We also found that it was effective
to include a feedback mechanism to capture clinician
feedback, not as a bug reporting utility or service func-
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tion, but as a way to record frustrations and ideas for
improvement.
Practicing medicine as part of a living laboratory often
leads to cautious attitudes to novel designs and solutions. This presents a need to balance innovation and
familiarity and places particular importance on achieving
the right tradeoff between longer-term benefits and
immediate adoption costs. Also, new technologies require adjustments to work practices that could lead to
initial inefficiencies. This is especially true in cases when
new technology initially co-exists with older technology
rather than replacing it, which often leads to duplication
of work.
Modern medicine relies heavily on computing technology. The information technology presents a complex ecosystem of infrastructures and applications designed for
interdisciplinary teams, as well as individual clinicians.
Each new application needs to be designed with respect
to this ecology and each new design needs to be considered in context of its implications for the overall system.

Implementation Challenges
Information technology in health care industry is slow to
change. Many clinical centers, small and large, continue
using outdated technology, often decades after its
prime. Novel technologies typically need to be integrated with legacy applications, infrastructures, data
storage and communication standards.
Health care is an intensely regulated industry, with various standards controlling many aspects of care itself,
as well as information technology supporting care practices. Controlled vocabularies, information exchange
protocols and data structures are a necessary component for each new application.

The existing ecology of computing systems and infrastructures impacts both implementation and design of
new applications. Each new innovation needs to co-exist
with existing systems.

Evaluation Challenges
The living laboratory presents an opportunity to go
beyond usability studies and small-scale deployment
studies to study true adoption (or lack thereof) of computing technologies. At the same time, it presents a
need for new metrics for evaluating the long-term impact of technology and its adoption by users. This integrated view of a computing system as an ecology
makes it difficult to separate the effectiveness of its
components.
The complex and mission-critical nature of health care
settings makes it difficult to run rigorous controlled experiments. Often, researchers have limited impact on
the consistency of usage, or it is hard to isolate and
control variables; In these cases, it may be impossible
or impractical to include a control condition. Moreover,
clinical tasks are often interdependent and not clearly
defined, further complicating experimental design.
Any health care IT should be evaluated on clinical outcomes, such as improved quality of care or on improved
efficiency and cost-saving. However, these measures
require extensive longitudinal studies, presenting the
need to introduce intermediate outcomes. For example,
for applications specifically targeting improved clinical
documentation, there are no existing gold standards
that could be used for comparison. One approach is to
invite experts to judge the quality of work mediated by
novel technology [3]; however these approaches tend
to be costly and time-consuming.

Finally, the years of collective expertise in conducting
usability studies has allowed the HCI community to formulate a number of heuristics that allow experts to predict usability of computing systems with a certain level
of confidence [4]. There is a need for a set of heuristics
that can allow experts to anticipate the likelihood of
adoption of computing systems. Longitudinal studies of
health IT adoption, which are possible in living laboratories, should make it possible to formulate such heuristics.

Conclusions
In this paper, we discussed some of our current collaborative projects, and our experiences designing novel
computing technologies that support clinical work in a
living laboratory. We also discuss some key challenges
associated with conducting research in this unique setting.
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Introduction
Culture is important in health education and behavior
change interventions. In face-to-face interactions,
many studies have demonstrated the importance of
cultural congruity between health providers and their
patients. For example, health counselors from a
patient’s own culture are usually “deemed more
desirable because of their presumed familiarity with the
cultural values” [2]. Culture is also important in printbased interventions, with several studies showing that
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health-related content tailored to a particular user is
more effective than standard materials in promoting
behavior change [3]. Although culture is becoming an
increasingly important research focus in HCI, little work
has been done on cultural adaptation of computerized
patient health interventions, and particularly those
delivered by conversational agents.
Figure 1. The interactive
interface of the system
featuring Carmen

In this work, we present our experience in adapting a
relational exercise promotion agent originally designed
for older Anglo adults [4] for a population of older
Latino adults. Relational agents are conversational
agents designed to build and maintain long-term socialemotional relationships with their users, and, in the
healthcare context, leverage these relationships to
increase adherence to health regimens.

A relational agent to promote walking
among older Latino adults
Figure 2. A close-up look of
Carmen

In collaboration with Dr. Abby King at the Stanford
School of Medicine we developed “Carmen” as a
relational agent that promotes walking among older
Latino adults (Figures 1 & 2). Carmen runs in a kiosk in
a community center in San Jose, and is designed to talk
to people several times per week about their walking
behavior, measured by pedometers. In a typical tenminute conversation, Carmen greets the user, follows
up with brief social chat, then uploads the user’s
walking steps from their pedometer and discusses their
walking goals. At the end of the session, Carmen says
goodbye and walks off the screen. Carmen can talk
with users in either English or Spanish.
LINGUISTIC ADAPTATION
Since most members of the development team did not
speak Spanish, the dialogue content of the system was
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first developed in English and thoroughly tested before
translation into Spanish. As the target population is one
with low health literacy, literal or “word-for-word”
translation of the dialogue was avoided, and complex
terms were broken down to simpler but longer phrases
in order to convey the sense and meaning of the
dialogue originally developed in English. When the
translation was complete and implemented in the
dialogue system, both versions were placed in parallel
in the system so that the agent could switch between
the languages based on user preference.
Prior to the development of Carmen, we conducted
literature reviews on nonverbal behaviors of Latinos
and analyzed videos of a Spanish-speaking Latino
researcher counseling members of the target
population about their exercise behavior. After detailed
analyses of several dialogues and accompanying
nonverbal behavior, we concluded that the rules used
to generate nonverbal behavior for our Anglo Englishspeaking agent did not need to be modified. This
decision was confirmed by having several Spanish
speakers review the conversational behavior of the
agent. There were, however, some behaviors that we
observed that could not be implemented in our system,
including touching.
CULTURAL ADAPTATION
Hofstede’s cultural dimensions research shows the
Latino culture is high in power distance and collectivism
[1]. Much of the dialogue content from the original
project that Carmen is based on was adapted to match
the Latino culture on these dimensions. For instance,
Carmen’s coaching strategy puts an emphasis on
walking with friends or with other walking partners
(emphasizing collectivism). Also, appeals to authority,

such as healthy behavior recommendations framed with
“experts say” in the English system, were reworded or
removed to increase the counselor’s affinity
(emphasizing power distance) [2]. Latino music wellknown to the community, such as “El electricista” and
“Pasito Tun Tun”, is also played when Carmen walks on
and off the screen, as well as at other appropriate
points.

Preliminary results indicate that intervention group
participants talked to the counseling agent an average
of 1.1 times per week, and retention in the intervention
group over the four months was 95%. Anecdotal
feedback about the agent and the walking intervention
was very positive. Intervention participants increased
their step counts by an average of 1,276 steps per day
over their baseline at enrollment. Comparisons to the
control group are still underway.

RELATIONAL ADAPTATION
Having the agent demonstrate cultural congruity [6],
through any means, improves solidarity and likemindedness, which should boost rapport and trust with
users. In addition, we extended the system so that
limited information about users’ lifestyles (e.g.,
culturally appropriate leisure time activites) and social
networks (e.g., names of friends and family members)
could be input to the system at enrollment time,
enabling the agent to refer to these in dialogue.
Reference to social networks is especially important in
collectivist cultures. Reference to this information by
the agent demonstrates mutual knowledge, knowledge
of users’ personal lives, and integration into users’
social networks, which should all serve to decrease
social distance with users
PILOT STUDY
An evaluation study has just been completed with forty
participants aged 55 and over. Those in the
intervention group were asked to wear pedometers
daily and check in three times a week for four months
with Carmen. Half of participants chose to conduct their
counseling sessions in Spanish.

LESSONS LEARNED
Cultural differences can be very subtle and difficult for
non-members of a culture to even perceive, thus
increasing the importance of participatory design with
members of the target population. Two obstacles
prevented us from using these methods as much as we
would have liked in our development: lack of access to
the user population due to geographic constraints, and
the fact that most of our development team did not
speak Spanish. Future efforts should take care to
address both of these issues.
Holding off the translation until the system is
completely tested in one language turns out to be a
successful approach. However, the translation process
required several iterations. Since most users in the
target population have low health literacy, some of the
original Spanish translation had to be revised to
improve readability, generally by breaking complex
wordings into longer phrases. According to one of our
translators, it would be helpful if translators could
review the scripts to spot discrepancies before the
English system is finalized.
User feedback in the study shows that participants felt
sad when Carmen joked about herself being trapped “in
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the box” (of the computer), and when she says she is
staying “in the box” over the weekend. The participants
expected Carmen to be able to walk freely, and have
friends to hang out with during the weekend. We
initially restricted Carmen to talking about herself as a
computer since we were worried about the potential
dishonesty perceived by the participants, but a recent
experiment shows that in this context, first-person
human autobiographical stories can in fact increase
engagement without users feeling deceived [5].

Future work
As an initial attempt at the cultural-specific design of
health counseling systems, we integrated counseling
strategies based on Hofstede’s theory. Two of the five
dimensions defined by Hofstede, namely power
distance and individualism vs. collectivism [1], were
explored in this system, although power distance plays
less of a role due to the specific context of the dialogue.
One direction of future work is to develop guidelines for
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cultural adaptation of a counseling agent between any
two cultures, by identifying the modifications require
for movement along any of Hofstede’s five axes.
Another important research question is the individual
impacts of language and cultural congruity on outcomes
for health counseling systems. Cultural congruity,
defined by Luna [6], is “the agreement of the cultural
manifestations expressed … with the cultural
manifestations of” the users of a computer system. In
the system presented in this paper, language is chosen
by the user, and the congruity level of the system does
not vary between languages, thus we cannot tell
whether language or cultural congruity, or both, have
an impact on the participants’ attitude towards the
system, and on their health behavior outcomes. We
plan to conduct a study that teases apart the impact of
these factors to provide further insights into the design
of culture-specific systems.
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A workaround is a user-initiated alternative means of
accomplishing a task that bypasses intentionally or
unintentionally introduced obstacles. Through a
qualitative investigation, we studied causes of and
reasons for clinician workarounds in their day-to-day
interaction with a computerized prescriber order entry
(CPOE) system. We found that clinician workarounds
for the CPOE were pervasive in the clinical environment
we studied. By examining their distinct purposes and
potential consequences, we conclude that tolerating
maleficent workarounds may compromise patient
safety; however, dismissing those beneficent ones
could forgo opportunities for organizational learning
and improvement.
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As estimated by the Institute of Medicine, preventable
medical errors are responsible for 44,000 to 98,000
patient deaths annually in the United States [1].
Computerized prescriber order entry (CPOE) is
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generally regarded as a promising tool for reducing
medication errors through its ability to eliminate
illegible handwritten prescriptions and common human
omissions (e.g., decimal point errors). Despite the
great potential, introduction of CPOE has been slower
and more problematic than anticipated. This is partially
due to the overly simplistic models underlying current
CPOE designs that are not well aligned with clinical
workflow and clinicians’ tasks, cognitive limitations, and
established practice styles [2].
Workarounds is a consequential, end-user response to
this technology-task misalignment [3]. Workarounds
occurs when a clinician’s usual work routine is ‘blocked’
by certain obstacles introduced by CPOE. Some of these
‘blocks’ are intended (e.g., to comply with regulatory
requirement); some are unintended, such as those
used to address design deficiencies of a CPOE system.
To better understand this dichotomized nature of
clinician workarounds of CPOE, we conducted a
qualitative study to investigate clinicians’ workingaround behaviors in their day-to-day clinical practice
before, during, and after a CPOE implementation.

Methods and data collection
The empirical study was conducted at a large academic
medical center. From January to August 2008, the first
author conducted an ethnographic study in an inpatient
unit, where a commercially purchased CPOE system
was introduced in April 2008. Informed by the findings
from the ethnographic observations, we subsequently
conducted semi-structured interviews with 18 nurses, 6
clerical staff, and 6 physicians to solicit additional
working-around tactics they adopted as well as their
explanations of and attitudes toward the behavior.
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Results
Five major types of workarounds of CPOE emerged
from the qualitative analysis. They were created to: (1)
accommodate new patterns of team communication
and coordination; (2) shift workload and responsibility
to others; (3) address issues from inadequate system
integration; (4) improve technology affordance; and (5)
avoid undesirable information sharing. Below we
describe each with an example, respectively.
Team communication and coordination
Prior to the CPOE implementation, physicians had to
physically present themselves at the nursing station to
write orders. While inefficient, it provided an
opportunity for them to meet nurses regularly to
discuss patient conditions and unclear orders. After the
CPOE implementation, this routine communication
channel was no longer available. Nurses had to log into
a computer terminal periodically to find out whether
there were pending orders that needed their immediate
attention. As a result, orders that should have been
administered in a timely manner were often delayed or
missed. Because requiring nurses to closely monitor
patient orders at all times was unrealistic, a workingaround solution was created, which became a regular
practice across all units at the medical center: clerical
staff were assigned a new duty to constantly monitor
order status for all patients and notify the nurses when
actions were needed.
Shifting workload and responsibility
Depending on a patient’s progress, physicians often
need to prescribe a new order for the same drug, but
with a new dosage and usage, while the old order is
still in place. In the old paper-order operation, nurses
understood that an order with an updated dosage and

usage would overwrite an existing order. After the
CPOE implementation, a number of extra and timeconsuming steps were required for physicians to modify
an order, including locating the old (existing)
prescription from a large volume of orders that can not
be easily searched or sorted, discontinuing it, and then
placing a new order with updated dosage and usage.
Hence, physicians often chose to start a new
prescription without discontinuing the previous one,
hoping the issue of duplication will be subsequently
taken care of by the nursing team. This working around
behavior of physicians shifted the workload and
responsibility to nurses, who were extremely unhappy
because the volume of duplicated orders was
overwhelming and they needed to take on additional
responsibilities which were originally not part of their
work.
System integration issues
The medical center has a wide range of heterogeneous
hospital information systems in use because of legacy
reasons. Many are not well integrated and do not allow
for seamless data interoperability. For example, the
emergency department and the pharmacy department
have their own specialized software applications that
have limited data exchange with the CPOE system. As a
work-around solution to assembling essential patient
care information residing in multiple systems, nurses
often manually transferred patient data to their
personal sheets and then sometimes voluntarily typed
them into the CPOE system.
Affordance of technology
To avoid waiting in line for CPOE workstations during
peak time to prepare medication, some nurses chose to
transfer patients’ medication information onto their
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personal sheets in advance. Clearly, this extra step was
not only time-consuming, but could cause errors in
transferring patient data, missing new orders, or
missing modifications to existing orders. Similarly,
using paper artifacts as a temporary recording media
became a common working-around approach to
address the need for conveniently accessing
information. For example, in order to catch a physician
in the hallway to clarify unclear orders, many nurses
chose to print out all orders so as to present the patient
case to the physician.
Unintended information sharing
Implementation of the CPOE system, by design,
eliminated most of the paper forms. However, some of
these forms were utilized by nurses in subtle ways that
could not be fully replicated in the CPOE system. For
example, nurses used to maintain temporary, working
documents where sensitive psychosocial information
was recorded. These working documents would be
tossed away following the patient’s discharge. Forcing
nurses to document such information in the CPOE
system raised great concerns among nurses, as
electronic documentation would become part of the
patients’ permanent legal medical records. Additionally,
it increased the visibility of information. The sensitive
psychosocial information, which often conveys a nurse’s
judgmental words about the patient’s behavior, could
now be easily accessed by anybody across the
institution. As a result, instead of recording the
information in the CPOE system as instructed, nurses
started passing it on through verbal communications.
However, the oral information relay was only effective
from one shift to the next. Important information could
be diluted or lost across multiple nursing shifts [4].

Discussion and implications
Clinician workarounds of the CPOE pervaded the clinical
environment we studied. They represent clinicians’
first-order problem-solving tactics for addressing the
immediate symptom of a problem without treating its
cause. Further, workarounds can be studied to reflect
clinicians’ thought process leading to the perception
that working around an obstacle is a more preferred
method. For example, clinicians may have applied
decision-making heuristics, or ‘rules of thumb,’ in order
to arrive at a solution rapidly with minimal cognitive
efforts. Clearly, working around a problem without
initiating the effort to learn from the problem will not
lead to informed and improved practice. However,
certain workarounds, such as those created to remedy
technology deficiencies, could sustain, propagate, and
eventually become new organizational routines.
Treating workarounds differently according to their
distinct nature could inform more realistic CPOE policies
and more useful and usable CPOE designs. In this
study, we differentiated the workarounds discovered
based their varying purposes and potential
consequences. We also differentiated them based on
their distinct lifespan: temporary fixes employed shortly
after the CPOE implementation, versus long-term
solutions institutionalized as new organizational
routines. Transferring patients’ medication information
in advance to reduce waiting time, for example, is a
temporary workarounds that was used only initially
after the CPOE implementation. This working-around
behavior was gradually abandoned when nurses
learned better ways to manage their work processes.
On the contrary, several other workarounds reported in
this paper, such as assigning clerks to monitor the
orders have become institutionalized as new ways of
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work. Furthermore, passing sensitive psychosocial
information verbally rather than recording it in the
CPOE system as required represents a workaround that
was socially accepted (even though it was problematic)
as a norm among the nurses.

Conclusion and future work
By differentiating clinician workarounds of CPOE based
on their distinct purposes and potential consequences,
we concluded that while tolerating maleficent
workarounds may compromise patient safety,
dismissing beneficent ones could forgo opportunities for
organizational learning and improvement. In our future
work, we will seek to understand the psychological and
social underpinnings of clinicians’ working-around
behaviors by answering: “What leads to clinicians’
judgment that working around an obstacle is a more
preferable option as compared to the prescribed
means?” and “What stops clinicians from expending
additional resources to solve any blocking condition so
that it will not occur again?” Further, we will interview
additional types of clinicians to learn about their
perspectives regarding workarounds of CPOE.
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