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Background: While much is known about how to do usability testing of stationary Electronic

Patient Record (EPR) systems, less is known about how to do usability testing of mobile ICT

systems intended for use in clinical settings.

Aim: Our aim is to provide a set of empirically based recommendations for usability testing

of mobile ICT for clinical work.

Method: We have conducted usability tests of two mobile EPR systems. Both tests have been

done in full-scale models of hospital settings, and with multiple users simultaneously. We

report here on the methodological aspects of these tests.

Results: We found that the usability of the mobile EPR systems to a large extent were deter-

mined by factors that went beyond that of the graphical user interface. These factors include

ergonomic aspects such as the ability to have both hands free, and social aspects such as

to what extent the systems disturbs the face-to-face interaction between the health worker

and the patient.
Conclusions: To be able to measure usability issues that go beyond what can be found by

a traditional stationary user interface evaluation, it is necessary to conduct usability tests

of mobile EPR systems in physical environments that simulate the conditions of the work

situation at a high level of realism. It is further in most cases necessary to test with a number

of test subjects simultaneously.

patient’s medical information at the point of care. A number
. Introduction

ost Electronic Patient Record (EPR) systems currently run
nly on stationary computers, while empirical studies of clini-
al work in hospitals show that health workers are constantly
n the move in a highly event-driven working environment

1]. Clinical work is information and communication inten-
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

ive and highly mobile [2]. EPR content is currently to a large
xtent produced and utilized in point-of-care settings away
rom the computers through the use of paper printouts, hand-
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written notes, and voice memos; while actual interaction with
the EPR is done while sitting down at a stationary computer.
This creates an obvious potential for mobile computing in
healthcare.

To best support health workers in their everyday work, the
hospital’s EPR system should allow for interaction with the
ile ICT for clinical settings: Methodological and practical challenges,

Science, Norwegian University of Science and Technology, 7491

of studies of existing systems have documented the benefits of
mobile computing in health care [3,4], and other studies indi-
cate additional benefits from the use of context information

erved.
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such as the health worker’s location and electronic patient
identification [5–7].

Moving the user interfaces of EPR systems on to mobile
devices creates new challenges for system design and usabil-
ity evaluation. Since its infancy at Xerox Parc in the late 1970s
[8], usability testing of information systems has matured to
an established practice in the software industry, with an ISO-
defined common industry format for reporting test results
[9]. Up until recently, most software products being tested
were desktop based, i.e. single-user software running on
a desktop computer with input through a keyboard and a
mouse. This situation is now changing as more software is
being produced for mobile devices such as mobile phones
and PDAs. This creates new methodological and technological
challenges.

From a usability perspective, the main difference between
desktop-based and mobile computing is related to the use
situation. The prototypical use situation for desktop-based
applications is one-user sitting on a chair in front of a table
looking at a screen with his or her hands on the keyboard and
the mouse. Mobile technology, on the other hand, is to a much
larger degree embedded into the user’s web of physical and
social life. Dourish [10] uses the concept of embodied interac-
tion when referring to this. Embodied interaction, as argued
by Dourish, is characterized by presence and participation in
the world. As such, interaction with mobile technology is not
a foreground activity to the same extent as interaction with
desktop-based systems, but switches between being at the
foreground of the user’s attention and residing silently in the
background.

The hospital as a work environment makes usability eval-
uations even harder, as compared to for example everyday
use of mobile phones. Mobile ICT in healthcare is often inte-
grated with a number of other ICT systems, serves a number
of different user groups, and must allow for use in a num-
ber of different physical environments. Usability testing of
mobile technology in healthcare consequently requires new
ways of designing and doing the tests, new ways of recording
user and system behavior, and new ways of analyzing the test
data.

In the present paper we will address some of the method-
ological and practical challenges related to usability testing
of mobile ICT for healthcare. This will be done by sum-
ming up our experience from two usability evaluation projects
of mobile EPR done in a full-scale model of a hospital
ward.

We have posed two research questions. (1) What classes
of usability problems should a usability test of mobile ICT for
clinical settings be able to identify? (2) What are the conse-
quences concerning test methodology, lab setup and recording
equipment? We will answer the first question by analyzing the
usability issues that emerged in the two projects. The next
question will be answered by analyzing what aspects of our
existing test methodology, lab setup and recording equipment
that contributed to the identification of these usability issues.
Based on this, we will give some general recommendations for
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

usability testing of mobile ICT for clinical settings.
We are aware of the limitations given by the low number

of projects, and will discuss the threats to validity that this
poses.
 PRESS
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2. Background

2.1. Mobile technology defined

There is at present no consensus on a definition of mobile
technology. In [11], Weilenmann does a review of the litera-
ture on mobile usability and ends with a fairly open definition
of mobile technology: “. . .a technology which is designed to
be mobile” (p. 24). For the purpose of the present analysis we
prefer a more precise definition. We define mobile technology
as technology that provides digital information and commu-
nication services to users on the move either through devices
that are portable per se, or through fixed devices that are easily
ready at hand at the users’ current physical position.

Concerning computer devices, the above definition
includes Tablet PCs, PDAs and mobile phones, but also opens
up for ubiquitous and pervasive technologies, multi-user,
and multi-device systems. It excludes the desktop computer,
defined as a one-user-at-a-time stationary computer with
display, keyboard and mouse.

2.2. Usability defined

Up until the late 1990s there was no well-established defini-
tion of usability. A long discussion in the field has led to an
ISO definition of usability. ISO 9241-11 [12] defines usability as
the “extent to which a product can be used by specified users
to achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use”. An important prop-
erty of usability as defined by ISO is that it is relative to the
users, their goals and the physical and social context of use.
This makes the definition of usability context-dependant [13],
and different from context-free definitions such as that of the
meter, which is the same for every user, every goal and every
physical and social environment. By defining usability relative
to users, goals, and environment, it becomes meaningless to
talk about usability as a property of a product as such. A mod-
ern “smartphone” can have a high usability for an adult user
who wants to use it for a multitude of tasks. Due to the neces-
sary complexity at the user interface, the same mobile phone
might have a very low usability for her child who simply wants
to call her mother.

2.3. Usability evaluation of mobile technology

The physical shape of the PC has converged into two domi-
nant forms, the desktop computer and the laptop. This de facto
standardization makes it possible to develop software for PCs
without having to care about hardware issues.

For mobile devices the situation is far more complex.
We find a multitude of form factors, screen sizes, interac-
tion technologies, and button configurations. Mobile devices
range from one-button controllers for garage doors to “smart-
phones” with full QWERTY keyboards. They take input
through different combinations of buttons, touch screens,
ile ICT for clinical settings: Methodological and practical challenges,

navigation wheels, voice recognition, and pen input. Some
devices have no screens, some have very small screens, some
have fairly large high-resolution screens, while some even
have two screens. From a usability perspective, the obvious

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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mplication is that every evaluation of a mobile application or
ervice will at the same time be an evaluation of the device(s)
n which it runs.

Since Weiser coined the term “ubiquitous computing” in
he early 1990s [14], there have been a number of usability eval-
ations of non-desktop systems, both under controlled labo-
atory conditions (e.g. [15]) and through field trials (e.g. [16]).

A number of studies have compared stationary usability
esting and field testing for mobile technology (e.g. [17,18]).
he usability tests took place in “traditional” usability labo-
atories, and consisted of testing the mobile application in a
tationaries use setting. The field trials involved following the
sers in their natural setting. The studies concluded that both
valuation methods have their specific pros and cons, and
hat they complement each other. Usability tests are better at
dentifying details of the interaction, while it lacks in realism.
ield trials are better at identifying contextual matters, but it is
ften difficult to get feedback on specific user interface issues.

. Method

.1. A usability laboratory for mobile ICT in medical
ettings

s part of a national research initiative on health informatics
n Norway (NSEP), we got funding to build a usability laboratory
or evaluation of mobile applications in the health domain.
eing aware of the drawbacks of traditional desktop-based
sability tests for mobile technology, we started out by con-
ucting a comparative usability evaluation to verify the results
f Kjeldskov et al. [17]. The study [19] verified their results and
otivated the construction of a laboratory that allows for a

arge degree of realism. The health domain differs from many
ther domains in that field trials are very difficult. This is due
o medical, ethical and practical reasons. This gave an addi-
ional motivation for building a usability laboratory, and not
elying on field tests.

To compensate for the lack of realism in traditional usabil-
ty tests, we have built a laboratory with movable walls in a
0 m × 8 m room that allows for full-scale simulations of dif-
erent hospital settings. Our hope is that this approach will
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

ive us the best of desktop usability tests and field trials. The
aboratory has been used for testing of mobile and ubiqui-
ous computing [20], and for doing drama-based participatory
esign [21]. In Fig. 1 we see a typical setup of the laboratory

Fig. 1 – The usabili
 PRESS
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where the movable walls and doors are configured to mimic a
section of a ward in an average Norwegian hospital. The rooms
are equipped with patient beds, chairs and tables to create a
high level of realism. We have consulted health workers in this
process.

For recording of user data we use a fully digital Noldus
video-recording solution with our own adjustments and
extensions. We currently have three roof-mounted remote
control cameras, a number of stationary cameras, wireless
“spy” cameras, wireless microphones, an audio mixer, and
software solutions for doing remote “mirroring” of the content
on the mobile devices. The recording equipment allows us to
integrate a number of video and screen capture streams into
a high-definition video digital recording. At the most we have
integrated in real-time three video streams and live screen
capture from seven mobile devices; together with audio from
four microphones.

4. The two experiments

We will report here from two usability evaluations done in
the usability laboratory by the authors. Both evaluations were
controlled experiments exploring the potential for mobile and
ubiquitous computing in the hospital. The aim of the two
studies was to compare specific technological solutions. The
results from the comparison tests have been reported else-
where [22,23], while the consequences for test methodology
were not discussed. We will here summarize the lessons
learned from the two experiments concerning usability eval-
uation methodology.

4.1. Experiment 1: combining handheld devices and
patient terminals

A number of new hospitals now install bedside terminals for
the patients. Such terminals are currently to a large extent
used for entertainment and web browsing. The patient termi-
nal is basically a PC where all input and output is done through
a touch screen. The patient terminal is mounted on a movable
arm (see Fig. 2), so that it can be moved according to the patient
or staff’s preferences.
ile ICT for clinical settings: Methodological and practical challenges,

In cooperation with one of the vendors of these terminals,
we explored the potential for letting physicians use handheld
devices (PDAs) as input device for the bedside terminals. Seven
different prototype PDA user interfaces were implemented, in

ty laboratory.

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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Fig. 2 – A bedside patient terminal.

addition to a baseline solution where all interaction was done
directly on the patient terminal touch screen. The eight alter-
native designs were tested on a scenario where a physician
uses a bedside terminal to show X-ray images to a patient.
Fig. 3 shows two of the prototypes. On the solution to the left,
the physician selects an X-ray image by dragging it to a termi-
nal icon on the PDA. On the solution to the right, the physician
uses the PDA as a remote control to navigate in a menu on the
bedside terminal.

Due to patient safety and privacy issues, we were not
allowed to test the prototypes in situ. The usability tests were
done in our usability laboratory with a replication of a patient
room with a hospital bed, a touch screen bedside terminal, and
a PDA. Due to the nature of the scenario, the tests were done
with pairs of users, one physician and one patient. A total of
five pairs were recruited. Fig. 4 shows the recorded video from
a usability test of a third design alternative. The integrated
video has two video streams to the left and a mirror image of
the PDA to the right.

After having tried out all versions, the physicians and
patients were asked to rank the different solutions by sorting
cards representing the alternatives. They were asked to give
reasons for their ranking.

The ranking session for each alternative was recorded, and
the post-test interviews were transcribed. The interviews were
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

then analyzed in search of recurring patterns. The comments
made in the tests and during the card rankings gave insight
into the factors that were perceived as influencing the usabil-
ity. All factors listed below were found for all pairs of testers.

Fig. 3 – Two of the eight design alte
 PRESS
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4.1.1. The graphical user interface
The usability of the graphical user interfaces (GUI) on the
two devices had an important impact on the overall usability.
When the users were unable to comprehend the user inter-
faces, or when they were awkward to use, the corresponding
design alternatives got a low ranking.

The usability of the graphical user interface is here defined
as what is normally evaluated with a stationary usability test
on a desktop computer. It includes the visual design, the ease
of use of the interactive screen elements, and factors such
as affordance, constraints, visibility, feedback, and interface
metaphors. The simplicity of the GUI was explicitly appreci-
ated by many of the users.

4.1.2. Screen size and ergonomics of the patient terminal
All participants reported that the screen of the patient termi-
nal was large enough to show X-ray images, while the screen
of the PDA was too small for this purpose. Having the patient
terminal positioned by the bed within arm’s reach from the
patient made the X-ray images easy to see for both physician
and patient. The terminal was easy to operate for the patients
through touch, while some physicians were uncomfortable
with the solution, as they had to bend over the patient’s bed
to reach it. Some physicians commented that a good thing
about the PDA-based design alternatives versus the baseline
alternative (no PDA) was that they no longer had to bend
over the patient’s bed to operate the terminal. This influenced
their ranking of the alternatives in favor of the PDA-based
solutions.

4.1.3. Shared view versus hiding information on the PDA
One recurring issue during the interviews was whether the
selection list should be on the patient terminal or only on
the PDA. Four of the design alternatives had the list of X-ray
images present on the patient terminal all the time, while the
remaining four had the list only on the PDA. Most physicians
thought at first that there was no point in hiding the list for
the patient, while some meant that the list could distract the
patient. Some were afraid that the patients would interpret
information on the list without having the skills to do so.

Most of the patients initially wanted the list to be present
on the screen. They wanted to see an overview of the images
and felt that the physician was keeping secrets for them when
the list was not present. Two of the patients changed their
mind during the tests, and felt that the list took too much
ile ICT for clinical settings: Methodological and practical challenges,

attention. They felt that it was easier to focus on the X-ray
images and the physician when the list was not present. One
patient felt that he had enough confidence in the physician
that it did not matter whether the list was present or not.

rnatives that were evaluated.

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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Fig. 4 – The physician uses her PDA to s

The evaluation was inconclusive as to whether the physi-
ians should be “allowed” to have “secret” information on the
DA. The answer to this question is not relevant here, what is
mportant are the arguments used in the preference ranking.
he arguments for allowing some of the information to reside
nly on the PDA were related to optimal use of the screen for
howing X-rays, and hiding of unnecessary information. The
rguments for sharing all information on the patient terminal
ere related to trust and overview.

.1.4. Focus shifts and time away from the patient
lmost all physicians commented that the PDA became an
xtra device to focus on. One of the physicians reported: “I
et two places to see, and I experience that I speak less to
he patient. I have to share my focus between there [patient
erminal], there [PDA], and the patient. It’s quite demanding,
nd I have to share my focus between three different levels”.

The results from the usability test showed that the change
f focus between the PDA and the patient terminal was quite
emanding for most of the physicians, and it became a dis-
urbing element in the communication with the patient. The
rguments made by the test subjects during the preference
anking indicate that design alternatives requiring many focus
hanges between PDA and patient terminal were rated lower
han less demanding design alternatives.

When the physicians and the patients looked at or used
he same screen, they felt that they were communicating on
he same “level”. When the physicians started using the PDA,
ome of them felt that it became a disturbing element in the
onversation and that they now were communicating on dif-
erent “levels”.

.2. Experiment 2: automatic identification of patients
t point of care
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

he aim of this evaluation was to assess and compare the
sability of different sensor-based techniques for automatic
atient identification during administration of medicine in a
ard.
an X-ray image to show to the patient.

Lisby et al. [24] analyzed the frequency and cause of med-
ication errors in a Danish hospital. They found that 41% of
the errors were related to administration. Of these, 90% were
caused by wrong identification of patients. Currently, few hos-
pitals have computer systems supporting the administration
of medicine at the point of care. A recent study of the use
of technology in drug administration in hospitals shows that
only 9.4% of US hospitals have IT systems that allow the nurses
to verify the identity of the patient and check doses at the point
of care [25].

During drug administration, a health worker (typically a
nurse) distributes prescribed medicine to ward patients. The
nurse also signs off on the respective patients’ medication
chart that the medicine has been administered and taken. For
simplicity, the chosen test setup involved only two patients.
Moreover, it was assumed that the patients were located in
their respective beds throughout the whole scenario. For sim-
plicity, it was also assumed that the correct medicine dosage
for the respective patients was carried in the health worker’s
pockets. Fig. 5 shows a health worker in front of the first of the
two patient beds.

The problem being addressed in the developed prototypes
was that of identifying the correct patient at the point of care.
A typical solution for patient lookup on a PDA or bedside ter-
minal would be name search or selection from a patient list.
These are activities that take time, and where the potential
for error is large. By adding new ubiquitous-computing tech-
nology to the mobile EPR, such as token readers or location
sensing, there is a potential for automating patient identifica-
tion.

Four different design solutions to the problem of automatic
patient identification were compared. The four alternatives
were the 2 × 2 possible combinations of two sensing technolo-
gies and two device technologies. The two sensor technologies
were barcodes (token-based) and WLAN positioning (location-
ile ICT for clinical settings: Methodological and practical challenges,

based). The WLAN positioning system used consisted of
directional antennas in the ceiling that continuously detected
the physical position of all WLAN devices in the room to an
accuracy of approx. 0.5 m. The two device technologies were

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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nd t
Fig. 5 – Location-based a

wireless PDAs (mobile) and bedside touch-screen terminals
(stationary). An implicit assumption in the prototype imple-
mentations was that the computing devices could retrieve
medication charts from an EPR system. The user interface for
the medication chart was made extremely simple, as the focus
of the study was not on medication charts, but on automatic
identification of patients.

A total of eight Norwegian health workers (seven nurses
and one physician) were recruited from a local hospital. We
had two persons with experience from health care simulate
the two patients. The test participants were also encouraged
to interact with the persons simulating patients just as they
would do in an everyday work situation.

As in Experiment 1, the test subjects were asked to rank
the four alternatives while explaining their rankings. The tran-
scripts from the ranking sessions were analyzed in search of
factors that influenced their ranking. These are summarized
below.

4.2.1. Time on computer devices versus time on patient
Many test participants expressed a general concern that cum-
bersome information navigation would require them to pay
too much attention to the computer devices, rather than
attending the patient. They consequently all saw the benefit
of automatic patient identification.

The two location-based interaction techniques got a high
ranking. These design alternatives took advantage of the
user’s natural mobility in the physical environment. The fact
that these techniques allowed patient identification to occur
in the background of the user’s attention can be viewed as an
important reason for their high rating. According to one test
subject, retrieving medication information based on a care-
giver’s physical location “gives meaning simply because you
necessarily have to be with the patient when administering
his medicine.”

In order to retrieve patient information via tokens (i.e.
barcodes), the users had to explicitly scan them. The test
participants who preferred location-based interaction to
token-based interaction argued that barcode scanning took
attention away from the patient and the care situation.
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

4.2.2. Predictability and control
Earlier work on context-aware/ubiquitous computing has
pointed out that autonomous/automatic computer behavior
oken-based interaction.

often comes at the cost of user control [26,27]. The conducted
usability tests revealed similar tendencies. Users that pre-
ferred token-based interaction to location-based interaction
found that getting computer response as a result of an explicit
and deliberate action gave them a feeling of greater control
over the application. According to some test participants, the
feeling of control over the application made the computer sys-
tem seem (quote) “safer” to use. In other words, it made the
users more certain that they were signing off on the correct
patient medication chart.

We found that the potential lack of control some users
experienced when testing the location-based solutions was
related to the fact that the zones in the room were invisible.
The system “magically” knew when the physician was near
a patient. Despite the lack of control that many users experi-
enced with the location-based solution, many were willing to
give up control as long as it made patient identification easier.

4.2.3. Integration with work situation
Most test subjects commented that when administering
medicine in their everyday work, they were accustomed to
informing the patient verbally what medicine he or she was
given. Many of the test participants therefore saw an addi-
tional benefit of having the opportunity to visually show
medical information to the patient via the shared screen of the
bedside terminal. Accomplishing this via the small screen on
the PDA was experienced as being far more cumbersome. The
PDA, however, was not found more unsuited for accessing and
signing off on electronic medication charts, per se. Neverthe-
less, the perceived positive effect of having a shared computer
screen left the majority of participants with the impression
of getting the job done in a more satisfactory way with fixed
bedside terminals.

Several test participants pointed out that another benefit
of using stationary patient terminals versus a portable device
was that it allowed them to have both hands free. This was
seen as important as they often perform tasks at point of care
that require both hands free (e.g. hand over medicine, help
patients in and out of their beds). Based on this, the majority
of the test group found the fixed bedside terminals to be more
ile ICT for clinical settings: Methodological and practical challenges,

seamlessly integrated with the overall work situation, while
the PDA imposed more of a physical constraint.

One of the potential drawbacks of the implementation
involving a stationary device, as pointed out by test partici-

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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ants, was related to privacy. When using a shared screen it is
lso possible for others (e.g. patients and visitors) in the room
o see the information.

While not found to be an important criteria for the chosen
est scenario, a number of test subjects pointed out that they
ften consult the patient chart of a given patient prior to vis-

ting him or her. This is done in order to get the latest, most
pdated information on that patient. Many test subjects there-

ore saw the added value of having a mobile computer device
hat allowed them to access patient information anywhere in
he hospital.

. Factors that affect the usability of mobile
PR

number of factors that affected the overall usability were
dentified in the two experiments. We have grouped them into
hree large classes: GUI usability, physical and bodily aspects
f usability, and social aspects of usability.

.1. Usability of the graphical user interface

n the two experiments, relatively few usability issues were
aused by bad GUI usability. This is probably due the simplicity
f the prototypes. The simplicity of the GUI in the prototypes
as appreciated by the users, but in more realistic mobile EPR

ystem the user interfaces will be more complex and more of
he usability problems will probably be due to problems in the
ser interfaces.

.2. Physical and bodily aspects of usability

ne could argue that usability problems caused by the GUI
ave their roots in a mismatch between the graphical user

nterface and human cognition. In a similar fashion, one could
rgue that there is a class of usability problems that have
heir roots in a mismatch between the physical aspects of
he systems and the human physiology. The latter are often
eferred to as ergonomic problems, but for mobile ICT it also
ncludes issues such as the accuracy of sensing technology.
n the two experiments there were a number of physical and
odily issues.

Both experiments had issues related to screen size. In
he first experiment, the PDAs were found to be ill suited
or showing X-ray images, while in the second experiment
arge screens were preferred for showing medication lists to
atients.

Both experiments also had issues related to body move-
ent and the use of hands. In the first experiment some

hysicians commented that a good thing about having a PDA
as that they no longer had to bend over the patient’s bed to
perate the terminal. In the second experiment, some users
referred a bedside terminal because it allowed them to have
oth hands free for other purposes.

The most important aspect of mobile ICT is that it supports
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

uman mobility by allowing for computer access “any time,
nywhere”. The simplest way to achieve this is by letting the
ser carry the devices with them. In the second experiment,
ome of the users preferred PDAs because it allowed them
 PRESS
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access while on the move. In Experiment 1 there was a need for
large screens to show X-ray images, and it was not possible to
combine this with mobility. In that case, support for mobility
had to be weighted against other system requirements.

5.3. Social aspects of usability

Mobile technology is with the user in his/her “life world”,
which in most cases is a social world. Human life is to a large
degree life with other humans, and mobile use therefore often
happens in contexts with other people present. This is to a
large degree the case for work in healthcare. Mobile devices
and services are often used to communicate with other peo-
ple or to coordinate shared activities, but they also play a role
in the social interaction with other people.

In the two experiments we found a number of usability
issues that were related to social aspects of the use situation.

In both experiments there were issues of shared versus pri-
vate view of displays. These issues were caused by the social
aspects of the clinical setting. There are certain parts of a
physician’s display that should be “off limits” to patients, such
as medical data about other patients. However, in some situ-
ations in the experiments it was required that patients and
physicians should have a shared view.

In both experiments it was found that the system’s effect
on the physician–patient face-to-face dialogue became an
important usability issue. In this case, the usability of the
system was affected by how the human–computer interac-
tion matched the timing of the human–human interaction. If
the human–computer interaction took too long and required
too much mental effort, it reduced the quality of the
human–human interaction, and as a consequence became a
usability problem with the system.

Good and bad overall usability in these cases were not only
due to GUI design and ergonomics, but to what degree the sys-
tem matched the requirements created by the social aspects
of the situation.

5.4. Specifics of each use situation

For all three aspects of usability; GUI, ergonomic and social;
it is not the match with the users as such that matters, but
the match with the use situation. In Experiment 2, it was
important for the physician to have both hands free; while
in Experiment 1 this was not important, even if the PDAs
were the same. The difference in usability was not due to the
ergonomics of the devices as such, but due to the different
tasks and use situations in the two experiments.

The contextual nature of usability should not come as a
surprise as the ISO standard [12] defines usability in relation
to the specifics of each context of use: “. . .with which specified
users achieve specified goals in particular environments”.

6. Consequences for usability testing of
mobile EPR
ile ICT for clinical settings: Methodological and practical challenges,

Based on the identified factors that affect the usability
of mobile EPR, we will present a set of recommendations
concerning usability testing of such systems. These recom-

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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mendations come in addition to accepted best practice for
usability testing and reporting as defined in the ISO/CIF docu-
ment [9]. For all usability testing it is important to identify the
right user group(s), make tasks that are realistic, and create a
physical and social test environment that mimics that of the
intended use situation. In addition, test scenarios and tasks
must be built on studies of work practice, and their realism
must be verified by the test subjects [13]. Usability testing of
mobile EPR adds some additional challenges.

6.1. Usability of the graphical user interface

The GUI is a common source of usability problems in all ICT
systems. Most mobile ICT systems for clinical use will have
one or more screens with a graphical user interface. The device
screens might be smaller than that of a typical PC, but we will
still be faced with GUI usability issues very similar to those of
desktop computing.

When the mobile-EPR GUI is complex, we recommend
doing a separate desktop usability test of the system prior to
a full-scale usability test. By testing the GUI separately, it is
possible to cover more system functionality in one test and
to get feedback on GUI details such as menu structure, navi-
gation, wording, information architecture, screen layout, and
font size. It is possible to use the same test subjects both for
GUI test and full-scale test, but we recommend using different
test subjects, as prior exposure to the product will reduce the
validity of the test results.

A full-scale usability test of mobile EPR will also implicitly
test the GUI. Much can be learned from studying the user’s
interaction with the GUI in a full-scale test. A desktop usabil-
ity test should not be seen as a substitute for recording and
analyzing the GUI interaction in full-scale tests. Some aspects
of GUI usability will only appear when the tasks and work envi-
ronment are realistic, and it is necessary to study the details
of the GUI interaction to identify these issues.

To be able to identify GUI-related usability issues, it is nec-
essary to record for later analysis the screen content of the
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

devices and the user’s interaction. For mobile technology it is
not possible to use a video scan converter, as handheld devices
have no video-out features. We have used three different tech-
niques for recording GUI content and interaction on mobile
devices.

Fig. 6 – Capturing interaction
 PRESS
n f o r m a t i c s x x x ( 2 0 0 8 ) xxx–xxx

(1) Some operating systems (e.g. Microsoft Windows Mobile,
Symbian) allow for “mirroring” to a PC over WLAN through
third-party software. This has allowed us to get digital
video recordings with the screen content integrated with
video from the lab cameras. The recording in Fig. 4 from
Experiment 1 is an example. It is a real-time mix of two
video sources and a “mirror” of the PDA content.

(2) In some cases the handheld devices or their operating
systems will not allow for “mirroring”. For those cases
we have made use of a homemade docking device with
a miniature wireless camera. Fig. 6 shows the device to
the left and an example from a resulting recording to the
right.

(3) For larger devices it might be necessary to allocate a video
camera to get the details of the user’s interaction. The top
left part of the recording in Fig. 4 is from a roof-mounted
camera that was fixed on the bedside patient terminal. In
this case, the camera also captured the screen content, and
eliminated the need for software mirroring of that display.
When mirroring handheld devices one loses the details
of the finger interaction. If possible, a roof-mounted cam-
era should be used for following the user, and capture the
details of the interaction with the device.

6.2. Physical and bodily aspects of usability

From the conducted experiments we learned that replicating
the physical environment of real hospital settings is essen-
tial for producing valid results. For example, using human
actors to represent patients (as apposed to more abstract rep-
resentations or “imaginary” patients) and placing them in
actual hospital beds, is crucial in order to simulate how mobile
technology accommodates point-of-care situations and the
interaction between clinicians and patients.

We also found that mimicking the physical configuration
of an actual clinical environment can be used to guide the test
subjects through a scenario. For example, by using two differ-
ent rooms (a ward corridor and a patient room) and two patient
actors in Experiment 2, physical movement between various
ile ICT for clinical settings: Methodological and practical challenges,

locations and patients became a natural part of the scenario.
This was essential for understanding the extent to which the
precision of the positions sensors met the requirements of the
users.

with a wireless camera.

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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Feedback from the hospital workers participating in the
xperiment suggest that the perceived usability of the differ-
nt techniques to a large extent was influenced by the way
hese configurations accommodate the changing physical and
ocial conditions of the work situation. Often, this was related
o subtle qualities of the designs that participants discovered
y being able to relate the prototypes to a concrete physical
nvironment. This also suggests that test subjects do not sep-
rate between usability flaws that are software-related and
ssues that are related to ergonomic aspect of the designs.

We recommend doing usability tests of mobile EPR in phys-
cal environments that mimic the hospital setting to a high
egree of realism. The ideal setting is an unused part of a hos-
ital ward that can be instrumented with cameras and other
quipment. If no such environment is available, it is important
hat the test area has enough floor space to allow for realistic

obility. It is also important that the rooms are equipped with
urniture to make realistic physical constraints on the users’

obility. In addition, the setting should be equipped with arti-
acts from the real-world counterpart, such as paper, pencils,

edical instruments, and medication.
The ergonomics of a device is to a large extent related to

ow it fits in with all the other artifacts at the ward. As an
xample, some aspect of the clinical situation might make
t important that a device allows for one-hand input, but
his will not become evident in a usability test unless the
ealth worker is actually using the other hand for some other
urpose. Without real artifacts in the laboratory setup, the
ser might have both hands free during the test. The test
esults will then be invalid with respect to the ergonomics
f the device, as two-hand input will not be possible in real

ife.
To be able to capture the physical aspects of interac-

ion in scenarios involving physical mobility, we recommend
he use of multiple roof-mounted dome cameras that can
e controlled during the test. The details of physical inter-
ction are often subtle, and we recommend allocating one
erson to control the cameras during the tests to track the
sers.

.3. Social aspects of usability

he findings from the two experiments point to the impor-
ance of getting the social aspects of the use situation right.
sability issues, such as the effects on the quality of face-

o-face communication, cannot be measured unless usability
ests include multiple users simultaneously. We recommend
hat the use scenarios for mobile EPR include enough user
oles to be able to capture the social context of the use sit-
ation. This will differ from system to system. In some cases
ne might only need a physician and a patient, while in
ther cases we need to do tests with teams of health work-
rs.

It is important to make sure that the communication
etween the users is captures for later analysis, both the verbal
nd the non-verbal. Good sound quality is essential for captur-
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

ng the verbal communication. We recommend one miniature
ireless microphone for each test subject. An audio mixer is
ecessary, as most recording software only allows for stereo
ound input.
 PRESS
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To capture the non-verbal communication, it is important
to make sure that there are enough video cameras to be able to
follow the test subjects around during the usability test. This
is very similar to the requirement concerning video capture
for device ergonomics.

6.4. The need for flexibility

The hospital is a very heterogeneous place concerning physi-
cal work environments. Looking beyond the requirements for
each usability test, there is a need to make a usability labo-
ratory for mobile EPR flexible enough to be able to simulate
a number of different physical environments. These environ-
ments will differ in floor plan, furniture and artifacts. In our
laboratory, we have installed movable walls that allow for
easy reconfiguration. We have found this approach very use-
ful as it saves us time setting up the physical environment
for new usability tests. Based on our experience, we recom-
mend that a usability laboratory for mobile EPR is constructed
to allow for easy reconfiguration of floor plan, furniture and
artifacts.

7. Discussion

The analysis and recommendations in this study are based
on a limited number of tests with a limited number of test
subjects. In addition, the experiments were done with very
simple prototypes in simplified use scenarios.

The experiments have allowed us to identify some usabil-
ity issues for mobile EPR, but our findings should not be
seen as an attempt at making a complete list of such issues.
More studies of mobile EPR are necessary to get a more
complete picture of the usability challenges for this class of
systems.

We have concluded that the overall usability of mobile EPR
is caused by far more than the graphical user interface. We are
confident that this will apply also to other mobile ICT systems
for clinical settings. We consequently believe that our general
recommendations, to simulate and record the physical and
social aspects of mobile ICT for clinical settings, will be valid
for future evaluations.

8. Conclusion

Clinical work in hospitals is information and communication
intensive and highly mobile. Health workers are constantly on
the move in a highly event-driven working environment. Most
current Electronic Patient Record (EPR) systems only allow for
access on stationary computers, while future systems also
will allow for access on mobile devices at the point of care.
While much is known about how to do usability testing of
stationary EPR systems, less is known about how to do usabil-
ity testing of mobile EPR solutions for use at the point of
care.
ile ICT for clinical settings: Methodological and practical challenges,

In two lab-based usability evaluations, we found that the
usability of the mobile EPR systems to a large extent were
determined by factors that went beyond that of the graphical
user interface. These factors include ergonomic aspects such

dx.doi.org/10.1016/j.ijmedinf.2008.06.014
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as the ability to have both hands free; social aspects such as
to what extent the systems disturbed the face-to-face interac-
tion between the health worker and the patient; and factors
related to how well the system integrated with existing work
practice.

We conclude from this that to be able to measure usabil-
ity factors that go beyond what can be found by a traditional
desktop user interface evaluation, it is necessary to conduct
usability tests of mobile EPR systems in physical environments
that simulate the conditions of the clinical setting at a high
level of realism. To get valid results from usability tests of
mobile EPR systems, it is further necessary to make sure that
the use scenarios are realistic. This often means that the tests
must be run as role-plays with multiple users simultaneously,
e.g. physicians, nurses and patients.

Due to concerns of privacy, ethics and the possible fatal
consequences of error, usability tests of EPR systems can rarely
be done in situ. To be able to get valid results from usability
tests of mobile EPR solutions, it is therefore necessary to equip
usability laboratories with full-scale models of relevant parts
of the hospital environment. As the hospital is a very hetero-
geneous environment, such laboratories should allow for easy
reconfiguration of the floor plan.

What is known about the subject:

• Clinical work in hospitals is information and commu-
nication intensive and highly mobile. Health workers
are constantly on the move in a highly event-driven
working environment.

• Most current Electronic Patient Record (EPR) systems
only allow for access on stationary computers, while
future systems will also allow for access on mobile
devices at the point of care.

• While much is known about how to do usability testing
of stationary EPR systems, less is known about how to
do usability testing of mobile EPR solutions for use at
the point of care.

• Few usability laboratories allow for testing in full-scale
replications of hospital environments.

What this paper adds/contributes:

• The usability of mobile EPR systems is to a large extent
determined by factors that go beyond that of the graph-
ical user interface. These factors include ergonomic
aspects such as the ability to have both hands free;
social aspects such as to what extent the systems dis-
turbs the face-to-face interaction between the health
worker and the patient; and factors related to how well
the system integrates with existing work practice.

• To be able to measure usability factors that go
beyond what can be found by a traditional stationary
user interface evaluation, it is necessary to conduct
usability tests of mobile EPR systems in physical envi-
Please cite this article in press as: D. Svanæs, et al., Usability testing of mob
Int. J. Med. Inform. (2008), doi:10.1016/j.ijmedinf.2008.06.014

ronments that simulate the conditions of the work
situation at a high level of realism.
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• To get valid results from usability tests of mobile EPR
systems, it is necessary to make sure that the use sce-
narios are realistic. This often means that the tests
must be run as role-plays with multiple stakeholders
as participants, e.g. physicians, nurses, and patients.

• Due to concerns of privacy, ethics, and the possible
fatal consequences of error, usability tests of EPR sys-
tems can rarely be done in situ. To be able to get valid
results from usability tests of mobile EPR solutions, it
is therefore necessary to equip usability laboratories
with full-scale models of relevant parts of the hospital
environment. As the hospital is a very heterogeneous
environment, such laboratories should allow for easy
reconfiguration of the floor plan.
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