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Abstract

Background: A significant number of chronic pain patients experience a decline in therapeutic effects after rehabilitation. As
face-to-face contacts with health care professionals are not always feasible after treatment, new, innovative, fully automated
relapse-prevention programs are highly needed.

Objective: In this study an online, automated relapse-prevention program based on acceptance and commitment therapy
(ACT)—both as a website and as a mobile app—was developed and evaluated. At each step of the development, end users (ie,
chronic pain patients) were consulted in order to fully address their needs.

Methods: In a step-by-step process, a contextual inquiry, requirement specification, and design were executed with chronic
pain patients by conducting, respectively, a focus group (n=10), interviews with rapid prototyping (n=28), and a user- and
expert-based usability evaluation (n=14). Furthermore, a pilot evaluation was conducted with 14 chronic pain or fatigue patients
who had received the online relapse-prevention program following a multidisciplinary ACT treatment. They were interviewed
about their usage and the usefulness of the program in supporting them to maintain changed behaviors and prevent relapses in
avoidance and pain control behaviors.

Results: The three stages provided information about the expected needs of end users, comments about the usefulness of the
proposed features, and feedback about the design and usability of the program. This resulted in a fully operational, online
relapse-prevention program. Results from the pilot evaluation showed that 9 patients used the online program after treatment, 5
of whom indicated that the program supported them after treatment. Of all the patients, 4 of them indicated that the program did
not support them because they wanted more social interaction with other users.

Conclusions: This study showed that an innovative, automated, online program that is user friendly can be developed by
involving the end users in each step. The program was evaluated positively by some participants. The evaluation showed that the
online relapse-prevention program has the potential to support chronic pain patients in maintaining their changed behaviors and
preventing relapses in avoidance and pain control behaviors.

Tria l  Reg is trat ion:  Neder lands  Tr ia l  Reg i s te r  (NTR)  Number :  NTR4177;
http://www.trialregister.nl/trialreg/admin/rctview.asp?TC=4177 (Archived by WebCite at http://www.webcitation.org/6Ur6EFD1D).

(JMIR Human Factors 2015;2(1):e1)   doi:10.2196/humanfactors.3302
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Introduction

Multidisciplinary rehabilitation programs based on cognitive
behavioral therapy (CBT) or acceptance and commitment
therapy (ACT) for chronic pain patients have shown positive
effects on the interference of pain in daily life and on physical
and mental functioning [1-3]. However, a significant number
of patients experience a decrease in the therapeutic effects one
year after rehabilitation [4,5]. Providing support after treatment
might help to generate the skills required to prevent or manage
the occurrence of a relapse. However, face-to-face contacts with
a health care professional are not always feasible in
rehabilitation care due to limited therapist time and a lack of
(financial) resources [6]. A relapse-prevention program based
on eHealth might overcome these barriers because it offers the
user more convenience and more control over the content and
timing of the intervention [7]. Moreover, it might be more
cost-effective than face-to-face treatment as guidance can be
given through email or short message service (SMS) text
messaging [8]. A growing number of studies have shown that
Web-based CBT interventions are effective for the treatment
of chronic pain [9,10]. Two studies concluded that Web-based,
CBT relapse-prevention programs following multidisciplinary
pain treatment have shown positive effects [6,11].

In this study we describe the development of a new, online
relapse-prevention program—in the form of a website and/or
mobile app—based on ACT. The main focus of ACT is
enhancing psychological flexibility which includes the processes
of acceptance and value-based behavior [12]. For chronic pain
patients, acceptance means that one acknowledges the pain and
abandons unproductive attempts to control the pain [13]. When
these attempts are relinquished, an individual can choose, or
persist in, behaviors that are in line with life values [14]. Values
are important, chosen life directions, for example, in the domains
of family, work, and social life. Clients are encouraged to
perform actions which are in line with their values, regardless
of what emotions or thoughts might occur. Other important
processes of ACT are mindfulness and self-as-context. These
processes help a person to consciously center themselves in the
present moment. This grounded awareness in the present
moment is a necessary premise to be open and flexible to
experience, and to move toward valued, day-to-day life activities
[14]. The content of the online relapse-prevention program was
based on cognitive behavior models of relapse, mostly applied
in the area of substance abuse [15]. The most critical predictor
of relapse is the individual’s ability to perform effective coping
strategies when facing high-risk situations. Therefore, relapses
may be prevented by identification of these high-risk situations
and teaching effective coping strategies. Other important
determinants for preventing a relapse are high self-efficacy,
functional social support, and positive affect [15].

However, despite the promising results of eHealth interventions
for chronic pain, the effect sizes are often less than expected.
One reason for this might lie in the low adherence rates of
eHealth interventions, for instance, participants are not following
the intervention as intended. For example, in the study of
Moessner et al it was shown that a Web-based aftercare
intervention following multidisciplinary therapy for chronic

back pain had positive effects on pain intensity, but 70% of the
patients did not adhere to the intervention [6]. Kristjánsdóttir
et al only found a large effect size on the primary outcome
(catastrophizing) in the participants who completed the mobile
phone-based ACT intervention after a rehabilitation program
for chronic widespread pain [16]. This corroborates earlier
findings about the relationship between adherence and effect
in psychological online interventions [17]. Studies on the
underlying reasons for these low-adherence rates are scarce.
However, commonly suggested reasons include shortcomings
in the user-friendliness of the technology, problems with
integrating the technology into day-to-day life, or a failure to
tailor the intervention to the users’ real needs [18].

The first aim of this study is to develop an innovative, fully
automated, online relapse-prevention program that enables
rehabilitation centers to implement this program. For the
development process, a user-centered design was used that might
overcome the problems described above. A user-centered design
has been shown to have positive effects, especially on
user-satisfaction levels and on addressing user needs [19]. A
user-centered design gathers feedback from potential users
during the whole development and design process [20]. The
development and design processes were guided by a roadmap
for creating an eHealth technology that follows the principles
of a user-centered design [21]. The roadmap provides an
overview of the different steps that need to be addressed with
an explicit focus on involving all relevant stakeholders at each
step for ensuring that the technology is broadly supported. Based
on a review of current eHealth frameworks, the roadmap dictates
six principles regarding technology development: (1) it is a
participatory process, (2) it involves continuous evaluation
cycles, (3) it is intertwined with implementation, (4) it changes
the organization of health care, (5) it should involve persuasive
technology, and (6) it needs advanced methods to assess impacts.
Based on these principles, the roadmap consists of five research
and development activities, which are contextual inquiry,
requirement specification, design, operationalization, and
summative evaluation [21]. This roadmap has been successfully
used to develop an online, ACT, Web-based intervention for
depression [22] and chronic pain [23]. In the current study, we
initially focused on the first three processes to develop a new,
innovative, online relapse-prevention program for chronic pain
patients. Addressing the last two processes of the roadmap, the
app is implemented in daily practice (operationalization), and
the degree of successful uptake and the impact on health-related
outcomes are evaluated (summative evaluation). To gain insights
into these processes, we performed a pilot study where patients
underwent multidisciplinary treatment. Following treatment,
we evaluated whether patients found the program helpful in
maintaining behavioral changes and preventing relapses in
avoidance and pain control behaviors.

Methods

Contextual Inquiry
In the contextual inquiry, intended users are asked for
information about their needs for a technology. Contextual
inquiry also examines how the technology may fit into the
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day-to-day life of the intended users [21]. In the current study,
this information was obtained by a focus group discussion with
chronic pain patients. A group of 10 female chronic pain patients
who recently finished an 8-week, inpatient, multidisciplinary
ACT program at a rehabilitation center in the Netherlands was
invited to take part in the focus group discussion conducted by
2 researchers (KMGS, MF).

Respondents were asked to discuss what they believed would
help them to prevent relapses and whether they would use a
website and/or a mobile app as a relapse-prevention program.
They were also asked whether they wanted to have guidance
by email or SMS text message. This focus group session was
audiotaped with the permission of the respondents. The
audiotapes were transcribed and were analyzed qualitatively by
the researcher by summarizing common themes.

Requirement Specification
In the requirement specification activity the expected needs are
translated into requirements of the technology [21]. Therefore,
based on the expected needs that were identified in the
contextual inquiry, a prototype of a website page and various
prototypes of pages of a mobile app were designed using
PowerPoint. On multiple slides, five features of the online
program were presented to the participants. For examples of
these prototypes, see Figures 1 and 2. There were five features
that demonstrated what a potential user could do in the online
relapse-prevention program:

1. Values and actions: Users could add or change various life
values and corresponding actions.

2. Diary: The diary is for monitoring value-based living and
included one question that asked whether the user had lived
according to his/her values on a rating scale from 1 to 10. The
answers to this question were presented in a chart including
positive smileys if a score of 6 or more was achieved.

3. Exercises: Users could add various ACT exercises or search
in a database that contains all the exercises included in the
treatment.

4. Tips: Users could add their own tips, share these tips with
other users, or see shared tips from other users.

5. Coach: Various options of guidance with SMS text message
or email were shown to the participants and they could all
choose which text message they would like to receive: (1) a
reminder SMS text message to use the diary or to use the
program itself, (2) a motivational SMS text message written by
a health care professional, (3) a self-composed motivational
SMS text message which could be sent at a later date, or (4) a
motivational SMS text message tailored to particular scores that
are obtained from the diary—this tailors the content more to
the individual situation.

To obtain the requirements, semistructured interviews combined
with the prototypes of the eHealth technology were conducted
with chronic pain patients [24]. Therefore, 28 chronic pain
patients that recently completed the multidisciplinary ACT
program at the rehabilitation center were interviewed by 3
psychology students from the University of Twente. Mean age
was 43 years (SD 11) and most were female (25/28, 89%). The
interview scheme was focused on the usefulness of the five
different features of the online program by showing the
prototypes based on these features. We asked the participants
to comment on the design of these features by asking them to
describe their first impression in three words and to indicate
whether they found what was shown to them to be clear. If
participants found the feature useful, they were asked to indicate
the exact moment—during and/or after treatment—at which
they would use these features. Finally, questions were asked
about how they would like to receive the guidance (Coach). The
audiotapes were transcribed and analyzed by the researcher
using an inductive thematic analysis [25]. For this analysis the
data were reviewed for identifying relevant patterns (themes)
in the data. Initial codes were given to the responses of the
participants and these codes were collated to potential themes.
After this step the themes were again reviewed by checking the
whole dataset and refined if necessary.
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Figure 1. Example of a website prototype (Values and actions).
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Figure 2. Example of a mobile app prototype (Exercises).

Design of the Technology
A fully operational program, both as a website and as a mobile
app, was developed. For examples of these, see Figures 3 and
4. Based on the requirement specification, some changes were
made. A library with examples of actions was added to the
feature Values and actions. The name “Diary” was changed to
“How are you?” and some extra tips written by a health care
professional were added. For the Coach feature, several options
for sending texts—both as email and SMS text message—were
developed and users were free to choose between these options
or to change them during use. Users can receive reminder
messages after one week of not logging in or filling out the
question in the “How are you?” section. The program includes

an agenda for setting a fixed date and time to send the message.
Users can receive a motivational message either once a week
at random or within 24 hours after answering the question in
the “How are you?” section. Furthermore, there was an option
for the user to send self-composed motivational messages which
could be sent once a week at random after treatment. All the
reminder and motivational messages were written by 2 health
care professionals (MF, KMGS). KMGS is a health care
psychologist and is registered as a cognitive behavioral therapist
with ample experience in ACT. She is a therapist in the
multidisciplinary ACT team. MF has a PhD in psychology.
Based on earlier knowledge, both in practice and earlier studies
[23], they wrote all the messages in advance. The messages
were programmed to be sent at random in the online program.
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In this phase, the quality of the design was examined by
evaluating its usability. Consequently, a user-based and
expert-based evaluation method using a scenario-based
think-aloud protocol was performed [24]. Usability tests with
5 chronic pain patients and 9 experts were conducted by 3
psychology students from the University of Twente. There were
5 target-group experts, such as a physiotherapist and
psychologist who were working with chronic pain patients.
Furthermore, there were 4 usability experts who were conducting
research in eHealth. The mean age of the participants was 38
years (SD 12) and most of them were female (12/14, 86%). The
participants were guided through the program using scenarios
that included several tasks or problems that had to be solved by
the user, such as “You want to add a new personal value to the
program: how would you do that?” Participants were asked to
verbalize their thoughts while they were taking part in these
scenarios. The audiotapes were transcribed and the comments
were defined as problems encountered and suggestions for

improvements. A coding scheme based on system quality,
content quality, and service quality was used [21,26]. System
quality is defined as the user-friendliness of the program and
the presentation of the content, such as the layout and where
the buttons are placed. Content quality refers to the
meaningfulness of the information. In other words, are the texts
easy to understand and complete? Service quality refers to the
degree to which the user assesses the service as being adequately
provided, such as the perceived usefulness of the features and
the provision of feedback [21,26]. Out of 14 participants, 8 of
them (57%) evaluated the website and 6 of them (43%)—1
patient, 1 target-group expert, and 4 eHealth experts—evaluated
the mobile app. Every participant could choose whether he/she
wanted to evaluate the website or the mobile app. More eHealth
experts evaluated the mobile app than patients. This might be
explained by the fact that eHealth experts were more familiar
with (mental health) apps at that moment. Every comment was
evaluated as positive, negative, or neutral.

Figure 3. Screenshot of a page of the website (Values and actions).
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Figure 4. Screenshot of the mobile app homepage.

Pilot Evaluation of the Online Relapse-Prevention
Program
Based on the results of the usability evaluation, the system
quality was improved and a manual was developed to give the
users more information, for example, whom the tips were shared
with. A pilot user evaluation was conducted with patients who
received the online program after a multidisciplinary pain
treatment for 2 months. This study was approved by an
independent Dutch medical ethics committee (Medical Research
Ethics Committee Twente, no. P13-07) and recorded in the
Dutch primary trial registry for clinical trials (Nederlands Trial
Register, NTR4177).

Inclusion criteria were chronic pain or fatigue patients who were
following an inpatient 8- to 12-week, group pain treatment
which started in March or April 2013 at the Pain Department
of the Roessingh Rehabilitation Centre. Chronic pain and
chronic fatigue patients receive the same multidisciplinary
treatment in the rehabilitation center. Patients needed to have
access to the Internet through a computer and/or a mobile phone
at home. The information letter described that it was
recommended to use the online program for 5 to 10 minutes
daily. The researcher had access to the actual accessed data use
of the program, including how many times the participants were
logged in and which features they had used, so self-report data

use could be compared to the actual usage. In the fourth week
of their treatment, the researcher explained the study and the
patients received a letter with information about the study and
a letter requesting their informed consent. In the sixth week of
the treatment, patients who agreed to participate handed over
the signed informed consent, were given access to the online
ACT relapse-prevention program, and received a short
introduction to the program. Following a period of 2 months
after the group treatment, all of the participants were invited
for a telephonic, structured interview conducted by the
researcher (MF). The interviews were audiotaped with the
permission of the participants and took, on average, 20 minutes
to complete. The interview scheme started with a general
question on the helpfulness of the online ACT
relapse-prevention program in supporting them with the actions
they intended to carry out after treatment. Participants were
asked how many times they had used the program and whether
they intended to continue using the program. The interview
continued with an open discussion to identify which parts of
the intervention they found to be most useful. Furthermore, they
were also asked whether they would recommend this program
to other patients. The interview ended with the question “Do
you have any recommendations for improving the program?”

In total, there were 5 groups that started with the pain treatment
with a total of 27 patients. All of them were given a letter with
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information about the program and a form requesting their
informed consent. The informed consent form was signed by
17 patients and they subsequently received the online program.
The mean age of the participants was 38 years and most of them
were female (14/17, 82%). All 17 patients were invited for the
interview and 14 of them were interviewed by the researcher.
The reasons for not taking part in the interview were medical
(1/17, 6%), feeling very good (1/17, 6%), and unknown (1/17,
6%).

Results

Contextual Inquiry
All participants indicated that there is a need for an aftercare
program and they would all like to have contact with their health
professionals after treatment, for instance, through a telephone
call or individual face-to-face contact. Most respondents would
use an eHealth program, such as a website or mobile app. In
this online program 8 participants out of 10 (80%) found it
useful to register their values and actions and to read ACT-based
exercises. Of the 10 participants, 4 of them (40%) thought it
would be useful to make a start with completing these exercises
and registering their values and actions during treatment. All
participants would like to have contact with other patients to
share tips and to give each other pep talks. Of the 10
participants, 2 of them (20%) proposed a forum for facilitating
this contact with other patients. All participants would like to

receive reminders by SMS text messaging or email from a health
care professional to help them adhere to value-based behavior
after treatment. Of the 10 participants, 8 of them (80%) indicated
that reminders could be preformulated and sent automatically,
preferably at a higher frequency rate and directly after the end
of the treatment. Of the 10 participants, 3 of them (30%) also
thought that it would be helpful to add their own motivational
texts during treatment in the online program that can be sent
after treatment. Additionally, 2 participants out of 10 (20%)
indicated that the text messages should be tailored to the
individual patient’s personal situation.

Requirement Specification
Almost all of the participants indicated that they would use the
online aftercare program (27/28, 96%). Some stated that they
would like to use a website (12/28, 43%), a combination of a
website and a mobile app (9/28, 32%), or only a mobile app
(7/28, 25%). In general, participants found the design of the
five features to be clear and convenient. Table 1 shows an
outline of the participants’ evaluation of the usefulness, the
expected use, and needs of the various features of the online
program. Almost all of the participants assessed all the features
as useful and they indicated that they would use these features
mostly during and after treatment. Furthermore, as can be seen
in Table 1, the expected needs concerning the Coach feature
are further specified and some improvements were given, such
as changing the term “Diary”.

Table 1. User evaluation of the features of the online relapse-prevention program (n=28).

Expected needsMoment of useUse, n (%)Usefulness, n (%)Features

Database with some examples of actions.During and after treatment.26 (93%)28 (100%)Values and ac-
tions

Changing the name “Diary”.After treatment.25 (89%)28 (100%)Diary

Database with some examples of exercises.During and after treatment.27 (96%)28 (100%)Exercises

Tips from a health care professional.During and after treatment.27 (96%)28 (100%)Tips

Preference for receiving an SMS text message instead of an
email.

Receiving a reminder for the diary and technology.

Choosing the frequency and moment to send out the reminders.

Receiving an SMS text message with motivational content
written by the health professional at random.

Receiving an SMS text message with motivational content
written by health professional after filling out the diary.

Receiving a self-composed SMS text message.

After treatment.28 (100%)28 (100%)Coach

Design of the Technology
All comments are represented in Table 2. They were largely the
same between users and experts. The most positive comments
were about the quality of the system. In particular, the ease of
use of the website/app (eg, clear navigation, clear buttons,
simple) and the design (eg, fresh, calm) were rated positively.
The other most frequently mentioned positive comments were
about the quality of the service, namely the perceived usefulness
of the features (eg, adding personal values, sharing tips with

other users, the options of receiving an SMS text message). The
most negative comments were about the quality of the system
as some technical errors occurred or icons were unclear. For
example, the icon for sharing the tips was unclear because the
participants did not recognize this icon. In the Diary feature, it
was unclear that to register you had to slide the bar instead of
clicking. The negative comments about the quality of the content
were mostly linked to the Tips feature since the participants did
not know with whom the tips were shared and, therefore, they
did not want to use this feature.
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Table 2. Number and positivity or negativity of comments yielded from the user- and expert-based methods.

TotalNumber of comments by expertsbNumber of comments by usersaProperty of program

-+/-+-e+/-d+c

19965105222545System

361940832Content

41102113015Service

aThere were 5 users.
bThere were 9 experts.
cPositive comment.
dNeutral comment.
eNegative comment.

Pilot Evaluation of the Online Relapse-Prevention
Program

Overview
Table 3 shows the results of the pilot evaluation. There were 9
participants out of 14 (64%) who used the program and all of
them will continue using the program. Out of 14, 5 participants
(36%) never used the program at all, but most of them (3/5,
60%) indicated that they were going to use the program in the

near future. Self-report data on the usage of the program were
comparable to the actual accessed data usage. Almost all of the
participants indicated that they would recommend the program
to other patients (12/14, 86%). Furthermore, most participants
(10/14, 71%) indicated that it would have been useful if they
could have already started using the program during treatment,
particularly with regard to completing certain parts of the
program (eg, Values and actions, Tips), discussing it with other
patients, and becoming better acquainted with it.

Table 3. Results of the pilot evaluation.

n (%)Participants (n=14)

5 (36)Nonusers

4 (29)Preference for use during treatment

5 (36)Recommend to other patients

3 (21)Use in future

Most useful feature

2 (14)Motivational messages

5 (36)Users with positive evaluation a

3 (21)Preference for use during treatment

5 (36)Recommend to other patients

5 (36)Use in future

Most useful feature

4 (29)(Mindfulness) exercises

3 (21)Motivational messages

3 (21)Tips

4 (29)Users with negative evaluation b

3 (21)Preference for use during treatment

2 (14)Recommend to other patients

4 (29)Use in future

Most useful feature

3 (21)Motivational messages

1 (7)Tips

aThe online program was supportive in maintaining behavioral changes and preventing relapses in avoidance and pain control behaviors.
bThe online program was not supportive in maintaining behavioral changes and preventing relapses in avoidance and pain control behaviors.
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Nonusers
Reasons for nonuse were feeling well at that particular moment
(3/14, 21%), a medical reason (1/14, 7%), and having other
priorities (1/14, 7%). Of the 5 nonusers, 2 of them (40%)
received motivational messages and found them very pleasant
and supporting. Of the 5 nonusers, 3 of them (60%) thought
they would use the program in the near future, especially in the
case of a relapse (2/5, 40%). No suggestions for improvements
were given.

Users With a Positive Evaluation
Out of the 14 participants, 5 of them (36%) indicated that the
online program supported them in their efforts to perform their
intended actions. Out of these 5 participants, 2 of them (40%)
used the online program regularly (eg, at least once a week) and
the other 3 participants (60%) used it 3 to 5 times in total. The
online program functioned as a summary of the treatment and
reminded them of what they had learned during treatment. The
(mindfulness) exercises, the motivational messages, and the
tips were evaluated as being “useful” and “very pleasant” as
they functioned as reminders about the treatment. One
participant recommended changing the question “How are you?”
to more personal actions.

Users With a Negative Evaluation
Of the 14 participants, 4 of them (29%) indicated that the
program did not support them after treatment. Of these 4
participants, 3 of them (75%) used the program 1 to 3 times,
and 1 of them (25%) used the program at least once a week. All
4 participants out of 14 (29%) indicated that they missed the
interaction with other patients in the program, for example,
using a forum to share experiences with other users. Participants
were satisfied with the motivational messages and the exercises
because they served as a reminder for the treatment. They will
continue to use the program, particularly the motivational
messages (3/4, 75%), as well as the tips and the values and
actions (1/4, 25%).

Discussion

Principal Findings
In this study, a new, innovative, online relapse-prevention
program for chronic pain patients based on acceptance and
commitment therapy was developed and evaluated. The first
aim of the study was to develop an automated, user-friendly,
online relapse-prevention program that fulfills the needs of
chronic pain patients. A contextual inquiry by focus group
discussion, requirement specification by interviews with rapid
prototyping, and a user- and expert-based usability evaluation
of the fully operational program successively provided the input
for the next step in the development process. The chronic pain
patients reviewed the program from their points of view and
context, both on design and content for ensuring that the eHealth
program was usable and acceptable. Accordingly, our
user-centered developmental process resulted in a program with
a simple design, large icons, and few layers of information and
text. A pilot evaluation with chronic pain or fatigued patients
who had received the online relapse-prevention program
following a multidisciplinary ACT treatment (n=14) showed

that this development process was satisfactory. Two-thirds of
the participants (9/14, 64%) used the program in the 2 months
after treatment. They did not have new suggestions on the
usability of the program and nonusers (5/14, 36%) stated that
their nonuse was not caused by complexity or inadequate
usability of the program. This probably improves the uptake of
the online relapse-prevention program, as many problems with
adherence to eHealth programs are due to complexity and
inadequate usability [18].

Furthermore, the user-centered development process resulted
in information on the needs concerning the content of the
program. The resulting program consists of the essential building
blocks of a relapse-prevention program [15]. Firstly, participants
have to recognize situations with a high risk of relapse. In ACT,
relapse is defined as falling back on pain-avoidance behaviors
instead of performing values-based actions [13]. By registering
their values and actions and by monitoring values-based
behavior with the tool “How are you?” participants are reminded
of their important values and actions and recognize when they
are relapsing to pain-avoidance behaviors. Next, patients have
to have adequate coping skills to face high-risk situations. In
the program, participants have access to descriptions of all
exercises from which they learned these coping skills, their own
favorite exercises, and tips from fellow users. Finally, social
support after treatment was evaluated as an important component
for the online relapse-prevention program. Social support can
provide relevant shared advice and facilitates the process of
finding recognition [27]. The program provides social support
by offering the opportunity of sharing tips and by sending
motivational text messages. Earlier research showed that text
messages can be very effective for providing reminders or
feedback for achieving a behavioral change [28].

The second aim of the study was to evaluate whether the online
program supported patients after treatment in maintaining their
changed behaviors and preventing relapses in avoidance and
pain-control behaviors. The results of the pilot evaluation
showed that, most of all, the motivational messages and the
exercises were evaluated as very useful and pleasant. Results
from the pilot evaluation showed that 9 patients out of 14 (64%)
used the online program after treatment, 5 (5/9, 56%) of whom
indicated that the program supported them after treatment. In
general, the adherence rates and the evaluation of the program
were disappointing. Although it was recommended to use the
program daily, the 9 participants out of 14 (64%) that actually
used the program only used it once a week or 1 to 5 times in
total. Furthermore, 5 out of 14 (36%) participants never used
the program. Of these 5 nonusers, 3 (60%) of them indicated
that they will use the program in the near future, but we do not
know whether these participants really intended to use the
program or whether they were providing socially desirable
answers. Our results corroborate with earlier results on low
adherence rates in online programs for chronic pain patients
[6,16]. Daily use of the online relapse-prevention program is
essential to assess high-risk situations and to monitor the degree
of values-based behavior. Earlier research has shown that there
is a relationship between adherence and effect in psychological
online interventions [17]. Also in this study, the participants

JMIR Human Factors 2015 | vol. 2 | iss. 1 | e1 | p.12http://humanfactors.jmir.org/2015/1/e1/
(page number not for citation purposes)

Fledderus et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


with positive evaluations did use the program more often than
the participants with negative evaluations.

A possible explanation for the low adherence in this study is
that most patients had an initial preference with using the
program during treatment, particularly with regard to registration
of values and values-based actions. For further use, we
recommend integrating the program into the multidisciplinary
pain treatment program and to train health care professionals
to inform and motivate patients to use the program during
treatment. Furthermore, the program is not yet successful in
providing sufficient social support. The 4 participants out of 14
(29%) who stated that the program was not helpful in the period
after treatment indicated that they missed interacting with other
participants. Therefore, it is advisable to implement a function
where users can react to the shared tips.

Limitations
Limitations of this study included the small samples of users
involved in each step and the recruitment of all participants
from the same rehabilitation center. Although generalization
has to be made with care, the number of participants concurs
with the recommended numbers by other studies [29,30].
Another limitation is that we did not involve all stakeholders
in each step, such as patients, care providers, managers, and
information and communications technology (ICT) developers
[21]. However, we worked together closely with the
rehabilitation center by informing all the relevant care providers
about the results of the steps and by involving the health care

professionals in the development process. Finally, in the
evaluation of the online program, we did not examine the
number of participants that experienced residual problems before
and after the relapse-prevention program. For a more effective
trial of the online relapse-prevention program, it is important
to monitor the effects of the program on relapses.

Future Work and Conclusions
Relapse prevention is still a topic that is hardly examined in the
area of chronic pain [4]. This study strengthens the call for
further attention for this topic as almost all participants in each
step of the development process indicated that they would use
a relapse-prevention program after their treatment. Although
we provided some insight into the processes of
operationalization and summative evaluation of the roadmap,
it is relevant to improve a number of conditions in the
rehabilitation center for full implementation, such as training
health care professionals and integrating the online program
into the treatment. An important next step is to evaluate the
online relapse-prevention program based on its effectiveness at
maintaining the positive effects after multidisciplinary treatment
and preventing relapses. Besides measuring relevant
health-related measures, it is important to further examine the
usage. This will provide information on how to redesign or
refine the eHealth technology for achieving higher effects. To
conclude, this study provided an overview of how one can
design a new, innovative, online relapse-prevention program
and revealed valuable insights into the adaptations that have to
be made to successfully implement the program in health care.
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CBT: cognitive behavioral therapy
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Abstract

Background: Chronic heart failure (CHF) is a major cause of hospitalization and mortality. In order to maintain heart function
and quality of life, patients with CHF need to follow recommended self-care guidelines (ie, eating a heart healthy diet, exercising
regularly, taking medications as prescribed, monitoring their symptoms, and living a smoke-free life). Yet, adherence to self-care
is poor. We have developed an Internet-based e-Counseling platform, Canadian e-Platform to Promote Behavioral Self-Management
in Chronic Heart Failure (CHF-CePPORT), that aims to improve self-care adherence and quality of life in people with CHF.
Before assessing the efficacy of this e-platform in a multisite, double-blind, randomized controlled trial, we evaluated the usability
of the prototype website.

Objective: The objective of the study was to assess the usability of the CHF-CePPORT e-Counseling platform in terms of
navigation, content, and layout.

Methods: CHF patients were purposively sampled from the Heart Function Clinic at the Peter Munk Cardiac Center, University
Health Network, to participate in this study. We asked the consented participants to perform specific tasks on the website. These
tasks included watching self-help videos and reviewing content as directed. Their interactions with the website were captured
using the “think aloud” protocol. After completing the tasks, research personnel conducted a semi-structured interview with each
participant to assess their experience with the website. Content analysis of the transcripts from the “think aloud” sessions and the
interviews was conducted to identify themes related to navigation, content, and layout of the website. Descriptive statistics were
used to summarize the satisfaction data.

Results: A total of 7 men and women (ages 39-77) participated in 2 iterative rounds of testing. Overall, all participants were
very satisfied with the content and layout of the website. They reported that the content was helpful to their management of CHF
and that it reflected their experiences in coping with CHF. The layout was professional and friendly. The use of videos made the
learning process entertaining. However, they experienced many navigation errors in the first round of testing. For example, some
participants were not sure how to navigate across a series of Web pages. Based on the experiences that were reported in the first
round, we made several changes to the navigation structure. This included using large navigation buttons to direct users to each
section and providing tutorial videos to familiarize users with our website. We assessed whether these changes improved user
navigation in the second round of testing. The major finding is that participants made fewer navigation errors and they did not
identify any new problems.
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Conclusions: We found evidence to support the usability of our CHF-CePPORT e-Counseling platform. Our findings highlight
the importance of a clear and easy-to-follow navigation structure on user experience.

(JMIR Human Factors 2015;2(1):e7)   doi:10.2196/humanfactors.4125
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Introduction

Chronic Heart Failure
Chronic heart failure (CHF) is a progressive clinical syndrome
in which the heart is unable to pump oxygenated blood
sufficiently to meet the metabolic demands of the body during
exercise or at rest [1]. It is a major cause of hospitalization and
mortality, and it is increasing in prevalence [2]. Prognosis is
poor among patients who survive an index admission for CHF,
with the 30-day hospital readmission rate at 35% [3]. The 5-year
mortality rate is 45% for women and 60% for men [4]. Since
there is no cure for CHF, quality of life is a clinically meaningful
outcome for these patients [5].

Quality of life is a subjective, multidimensional construct that
includes physical, social, and mental well-being [6,7]. CHF
symptoms such as shortness of breath and fatigue [8] decrease
functional capacity of patients, thereby impeding the pursuit of
their life goals and reducing their quality of life [8,9]. Self-care
behaviors (ie, recommended guidelines for heart healthy diet,
regular exercise, medications, fluid and sodium intake
restriction, symptom monitoring, and smoke-free living) are
commonly prescribed to manage CHF and to improve quality
of life [8]. However, long-term adherence to self-care has been
low [10].

In an effort to improve quality of life, our research program has
focused on developing telehealth and Internet-based counseling
interventions (COHRT, I-START, and REACH) [11-17] that
educate and motivate cardiac patients to adopt and maintain
self-care behaviors. Our current trial, Canadian e-Platform to
Promote Behavioral Self-Management in Chronic Heart Failure
(CHF-CePPORT) [18], evaluates the efficacy of an e-Counseling
platform in promoting self-care and quality of life among
patients with CHF.

Overview of Canadian e-Platform to Promote
Behavioral Self-Management in Chronic Heart Failure
e-Counseling Platform
This e-Counseling platform has been previously described [18].
In brief, it is an Internet-based preventive e-counseling protocol
for patients with CHF. After logging onto the e-platform, users
can access content that promotes: (1) explicit validation of the
stage of “readiness” for behavior change, (2) active participation
in the e-platform via self-guided navigation, (3) commitment
to change by using “change talk” [19] to resolve ambivalence
and reinforce motivation [20], (4) self-monitoring of behaviors
identified by users as a priority for change, and (5) development
of cognitive-behavioral skills to build and strengthen efficacy
[21] as users embark on their behavior change. The counseling

and educational content is reinforced through the use of
multimedia, which we will describe below.

The content is organized into 28 e-sessions, delivered over a
12-month period. The e-platform proactively sends out 28
scheduled emails to inform users that new content is available.
Each e-session consists of the four core features: (1) self-help
video, which connects users with our CHF experts or other
patients, and that reflects and validates the experiences of CHF
patients; (2) educational content, which provides self-help
information that supports users to best manage their condition;
(3) interactive e-tools, which help to develop and strengthen
self-care behaviors; and (4) e-trackers, which enable
self-monitoring of behavior change. Users are self-guided to
complete each e-session. A progress graph informs users of the
proportion of the e-platform they have completed. They are
encouraged to revisit any e-sessions they have previously
accessed.

The Need for Usability Assessment
Having a high quality, user-centered program would help
maximize engagement and adherence to the e-Counseling
platform [22]. To ensure that the e-platform is user-friendly,
we conduced a usability assessment, which asked a sample of
CHF patients to use the e-platform to perform predetermined
tasks under a controlled condition while their experience was
documented [23].

Other Internet-based self-management programs have conducted
usability studies to help refine their prototype. For example,
Stinson et al assessed the usability of an Internet-based,
self-management program for adolescents with arthritis and
their parents [24]. Voncken-Brewster et al assessed the usability
of a Web-based behavioral self-management program for people
with chronic obstructive pulmonary disease [25]. The above
studies demonstrate that users can help to identify issues related
to website design and functionalities that the program developers
may have overlooked. Such findings can inform the refinement
of the program and maximize its usability when it is fully
deployed [22].

Objective
This study examined the usability (navigation, content, layout,
and satisfaction) of the CHF-CePPORT e-Counseling platform.

Methods

Study Design
We employed an iterative design [23,26], involving successive
rounds of participants in this study. Feedback from the first
round (hereafter known as Round 1) of participants was used
to inform adjustments to the e-Counseling platform and then
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the revised version was tested in the second round (hereafter
known as Round 2).

Participants
We used inclusion criteria similar to the CHF-CePPORT trial
to recruit participants: (1) male and female patients ≥ 18 years
of age; (2) diagnosed with systolic CHF; and (3) fluent in
English. We sampled individuals with varying degrees of
experience with computers and the Internet to ensure that the
e-Counseling platform was easy to use for both novice and
advanced computer and Internet users.

Research assistants identified eligible participants from the
Heart Function Clinic at the Peter Munk Cardiac Centre,
University Health Network. We approached these individuals
in person to introduce the study, solicit their consent to
participate, and schedule an in-person study session with those
who consented.

Procedure
This study received ethics approval by the Research Ethics
Board at the University Health Network. Each study visit was
divided into two sections: (1) goal-oriented tasks and (2)
feedback interview. The overall study visit took up to 1.5 hours.

Before each goal-oriented task, a research assistant read the
instructions aloud. The participants were asked to “think-aloud”
[27] as they completed each task. This protocol allowed us to
directly capture the ongoing thought processes of the participants
while using the program, as well as any difficulties they
experienced [28]. Participants practiced the think-aloud protocol
as they completed a set of sample tasks: they retrieved a
nonpersonal standardized email from a sample email account
and clicked on a hyperlink in that email. The link redirected
them to the log-in page of the e-Counseling platform that we
evaluated in this study. None of the participants reported any
problems with the think-aloud protocol.

We asked participants to complete two goal-oriented tasks [23].
These tasks allowed us to identify any navigation problems in
specific areas of the e-Counseling platform. The first task
involved logging onto the website, watching an introductory
video, and reading about the e-platform environment. This task
assessed the ability of the users to navigate the e-Counseling
platform (eg, using hyperlinks to move between pages) and to
use an embedded video player. The second task involved
completing an e-session that offered self-help tips and tools on
active living with CHF. This sample e-session contained 4 core
features: (1) a self-help video of exercise experts discussing
self-help tips on living an active lifestyle and exercising
regularly, (2) educational information that elaborates on the
self-help tips mentioned in the above video, (3) an e-tool that
helped users to set-up an exercise plan, and (4) a self-monitoring
e-tracker of daily step counts. This task tested the ability of
users to follow the self-guided session plan and to use the
interactive e-tools and e-trackers without assistance.

The research assistants did not offer any help during the
goal-oriented tasks, unless explicitly requested by individual
participants [27]. This helped to minimize any disruptions to
the spontaneous thoughts generated by the participants during

task execution. We audiotaped all think-aloud sessions using a
digital audio-recorder and then transcribed them verbatim. In
addition, another research assistant acted as an observer and
documented any problems that the participants may have
encountered during the tasks [27]. Both think-aloud
transcriptions and field notes were used during data analysis.

After completing the goal-oriented tasks, the research assistant
interviewed each participant using a semi-structured interview
guide, adopted from Stinson et al [24]. The interview questions
focused on the website experience of the participants in three
areas: navigation, content, and layout. The interview was also
audiotaped on a digital audio-recorder and then transcribed
verbatim for analysis. Finally, we asked participants to complete
a demographics form and a satisfaction questionnaire. The items
on the satisfaction questionnaire were based on the usability
characteristics described by Nielsen [29].

Data Analysis
The same protocol was used to analyze data from Rounds 1 and
2. We transcribed the audiotapes and verified the accuracy of
the transcripts using a 2-person team: a research assistant
transcribed the audiotape verbatim and another independently
compared the transcript with the audiotape to check for
accuracy.

We conducted a content analysis of the transcripts to identify
issues in the three key areas of the e-Counseling platform:
navigation, content, and layout. The authors (AP and JS)
independently identified and categorized interview excerpts that
described: (1) “successful navigation”, an incident when a
participant was able to follow the website directions correctly
or did not experience any problems using the website, for
example, able to use a hyperlink to go to the next page, (2)
“navigation errors”, an incident when a participant was unable
to follow the directions provided on the website to complete an
e-session or a feature of an e-session. For example, a user began
an e-session on the wrong page, unsure of where to go after
reviewing a page, or being unable to use a program feature even
with instructions provided, and (3) positive and negative
comments on various aspects of the website. Coding
discrepancies were discussed and resolved between the two
coders. Once the coding process was completed, the frequency
count of each category was tallied. Pseudonyms were used when
reporting any interview excerpts. Means (SD), and percentages
were calculated for demographic and satisfaction data.

Results

Participant Description
There were seven individuals who participated in this study,
with 4 participants in Round 1, and 3 in Round 2. The sample
sizes were determined by data saturation [30]; that is, after the
first 4 sessions, we did not identify additional unique issues
raised by these participants, and therefore, we concluded Round
1. Similarly, after 3 sessions in Round 2, the participants did
not experience the issues reported by those in Round 1, nor
experienced any new issues. Thus, we concluded the study with
7 participants.

JMIR Human Factors 2015 | vol. 2 | iss. 1 | e7 | p.18http://humanfactors.jmir.org/2015/1/e7/
(page number not for citation purposes)

Payne et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


There were five men and 2 women who completed this study.
The age of participants ranged from 39 to 77 years (mean 57,
SD 14). There were 5/7 (71%) of them that were married and
6/7 (86%) that completed postsecondary education. There were
5/7 participants (71%) who self-identified as Caucasians, 1/7
(14%) as African American, and 1/7 (14%) as Chinese. Only
1/7 (14%) individual was currently employed.

All participants used computers and the Internet at home. There
were 5/7 (71%) of them who were considered “intense users”,

spending more than 5 hours per week on the Internet [31]. The
individual who was working full-time also used computers and
the Internet at work. On a scale from 1 (not at all comfortable)
to 5 (very comfortable), Round 1 participants reported a mean
comfort level of 4.5 (SD 0.6) with computers and a mean of 5.0
(SD 0.0) with the Internet, while Round 2 participants reported
a mean comfort level of 3.3 (SD 1.2) with computers and a
mean of 4.0 (SD 1.7) with the Internet. Table 1 provides more
detailed descriptions of the 2 samples.
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Table 1. Demographics and familiarity with computer and the Internet.

Round 2

(n=3)

Round 1

(n=4)

Demographics

mean (SD)n (%)mean (SD)n (%)

Age (years)

1 (33)1 (25)30-45

1 (33)1 (25)46-60

1 (33)2 (50)>60

Gender

2 (67)3 (75)Male

1 (33)1 (25)Female

Marital status

2 (67)3 (75)Married/common-law

1 (33)1 (25)Single

Highest education level

0 (0)1 (25)High school

2 (67)1 (25)College

1 (33)2 (50)Undergraduate degree

Current employment status

1 (33)0 (0)Full-time

0 (0)1 (25)Disability/leave of ab-
sence

1 (33)0 (0)Unemployed

1 (33)3 (75)Retired

Ethnic background

2 (67)3 (75)Caucasian

0 (0)1 (25)African-American

1 (33)0 (0)Chinese

Computer and Internet usage

Do you use the computer at home?

3 (100)4 (100)Yes

0 (0)0 (0)No

Do you use Internet at home?

3 (100)4 (100)Yes

0 (0)0 (0)No

Do you use the computer at work?

1 (33)0 (0)Yes

2 (67)4 (100)Not appli-
cable

How many hours do you spend on the computer each week?

2 (67)0 (0)≤ 5

1 (33)4 (100)> 5

How many hours do you spend on the Internet each week?

2 (67)0 (0)≤ 5

1 (33)4 (100)> 5
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Round 2

(n=3)

Round 1

(n=4)

Demographics

mean (SD)n (%)mean (SD)n (%)

3.3 (1.2)4.5 (0.6)How comfortable are you with using the

computer?a

4.0 (1.7)5.0 (0.0)How comfortable are you with using the

Internet?a

a 1=not at all comfortable, 5=very comfortable

Usability Findings
The study findings are organized into the following themes:
overall satisfaction and general comments, navigation, content,
and layout.

Overall Satisfaction and General Comments
Table 2 summarizes the results of the satisfaction survey.
Participants in both rounds were satisfied with the website, with
all items having a mean score of 4 or above on a 5-point rating
scale (1=disagree very much; 5=agree very much). There were
minor differences on the M ratings between Rounds 1 and 2
participants on their mean item ratings.

Table 2. User satisfaction assessment.

Round 2Round 1

mean (SD)amean (SD)a

4.0 (0.0)4.5 (0.6)I learned how to use this website quickly and easily

4.0 (0.0)4.8 (0.5)I can find the information I am looking for on this website with no problems

4.3 (0.6)4.3 (0.1)I can go through all the materials in an e-session with no problems

4.0 (1.0)4.8 (0.5)I am confident that I can remember how to get around this website on my own every time
I log on

4.7 (0.6)4.8 (0.5)If I get lost on this website, I am confident that I can find my way again

5.0 (0.0)4.8 (0.5)I am satisfied with this website

4.7 (0.6)4.8 (0.5)I would use this website regularly to help me better manage my heart condition

a Rating scale, 1=disagree very much; 5=agree very much

Overall Feedback From Participants
Overall, all participants in both rounds of testing were very
positive about the e-Counseling platform (see Table 3). They
acknowledged the value of having self-care information
accessible around the clock not only for new CHF patients, but
also long-term patients. The time required to complete an
e-session was deemed reasonable. They explored the website

freely and believed that this website would be accessible to
novice computer and Internet users. There were 2/7 (29%)
participants that commented that the website felt like a
personalized program. There were 3/7 (43%) participants that
expressed that the website gave them hope that they can also
live a heart healthy life, as one participant [P3, Round 2] said,
“...this [website made] living healthy real to me. And achievable
to me.”
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Table 3. Content analysis, frequency counts of comments under each theme, and navigation issues.

Round 2Round 1Analyses

mean # C/I

per Pd# of Pc# of UCsb# C/Ia
mean # C/I

per Pd# of Pc# of UCsb# C/Ia

Content

13.03153915.542762Positive comments

2.02344.5249Negative comments

Navigation

10.034304.041616Positive comments

1.01116.031818Negative comments

Layout

3.03592.3489Positive comments

1.01113.0236Negative comments

User navigation

22.33106717.541470Correct navigation

2.02346.041224Navigation error

a number of comments or incidents
b number of unique comments
c number of participants reported
d mean number of comments or incidents per participants

User Navigation
We identified a mean of 18 incidents of successful navigation
per participant in Round 1 (see Table 3). These participants
successfully logged in and out of the website, started the
e-session, scrolled down the pages to review the content,
navigated to the subsequent pages, and watched embedded
videos. However, they also experienced a mean of 6 navigation
errors per participant. There were 2/4 (50%) participants that
wanted to make the video play on full-screen, but did not know
how to do so. There were 3/4 participants (75%) that were
uncertain about where to go next during the e-session. All 4
(100%) participants in Round 1 had some difficulties using the
unfamiliar interactive features; for example, they did not know
how to enter data into the e-tracker. Nevertheless, all the
participants understood the purpose behind the interactive
features and were willing to try them. They provided some
suggestions to improve ease of use, especially for individuals
who are less computer-savvy. These suggestions included
providing more explicit directions on how to navigate the
website.

We modified the website based on these suggestions after Round
1, so that we could evaluate if the changes improved user
navigation in Round 2. These changes included using large
navigation buttons, instead of text hyperlinks, to take users to
the appropriate content and to display clear notices to let users
know when they completed an e-session (Figure 1 shows this).
In addition, we added several tutorial videos that taught the

participants how to use e-tools and e-trackers in order to improve
users’ familiarity with these features.

Once these changes were made to the website, we observed
improvements in navigation in the subsequent round. In Round
2, we identified a mean of 22 incidents of successful navigations
and 2 navigation errors per person (see Table 3). There were
2/3 participants (67%) that experienced minor problems: one
needed a reminder from the research assistant to scroll down
the page for more content and the other did not enter a goal for
step count in the e-tracker as instructed during the goal-oriented
task. Ultimately, all participants in both rounds agreed that
unlike other websites in which you can navigate freely, there is
a learning curve to the self-guided structure of the
CHF-CePPORT e-Counseling platform. However, the
participants reported that they would have no problem
navigating the website if they had a chance to use it once or
twice at home. A participant [P2, Round 1] said, “...it will take
a little time to get mastered and get on top of it, but I suppose
any new website is like that and [this website is] a lot easier
and more straightforward than any I’ve seen.” Since these last
two minor issues did not significantly impede the successful
completion of an e-session, we did not make further
navigation-related modifications.

When we examined the comments related to navigation, we
identified a mean of 4 positive comments and 6 negative
comments per participant in Round 1 (see Table 3). In Round
2, participants made a mean of 10 positive comments per person
and only 1 individual made a negative comment about
navigation. Table 4 provides sample comments.
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Table 4. Sample comments for each of the themes.

Example of a negative commentExample of a positive commentTheme and its definition

--- bGeneral comment:a

Comments made about the overall
website

• “...living with heart problem, I’m not by myself.
There is something that could really help me.”[P3,
Round 2]

• “I know that you’re doing this for a vast amount
of people, but it really feels like this has been
catered to me personally...”[P4, Round 1]

Navigation:

The ability for participants to inde-
pendently move around the web-
site, review the content, and use
the e-tools and e-trackers as de-
signed

•• “...hopefully I navigated the right way because it’s
still not, from my perspective, completely intuitive
as to once you come on to [the website], where you
need to go.”[P1, Round]

“...for the first time, it’s figuring out, most of the
time it told you that...the bottom right hand side of
the screen to go to the next step and push the [but-
ton] and it took you to the next step...to me, that
was important to know where the button was. Be-
cause sometimes they don’t tell ya and you’re
looking, where is it?”[P1, Round 2]

Content:

The material offered by the web-
site, which can include self-help
videos, didactic information, inter-
active e-tool, and self-monitoring
e-trackers

•• “...in this interview scenario, [the experts] are not
facing you...if [they] were actually talking to the
participant instead of each other that might be a
better way of engaging someone?”[P3, Round 1]

“What I read most of was the exercise part and that
was very helpful, very straight forward and the step
counting and everything was very informative and
it was very clear and quite complete and you have
charts for schedules, which is a help. I found that
very direct and straightforward.”[P2, Round 1]

• “...this is a guide, this for a self-help situa-
tion...what is being put here is to reinforce what
I’ve already been told, what we’ve already been
told [about self-care behaviors].”[P2, Round 2]

Layout:

The visual appearance of the web-
site, including color, font size, im-
ages

•• “...it might be a good feature maybe to have a font
size where you can make it a little larger...”[P1,
Round 2]

“...it is a very attractive site. Yes, the pictures and
it’s not just words and it’s well set up and arranged
in charts so I think it’s very good...visually...”[P2,
Round 1]

a Individual participants were identified by a subject number and the testing round in which they participated.
b All of the comments were deemed to be positive by both coders.
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Figure 1. A screenshot of Canadian e-Platform to Promote Behavioral Self-Management in Chronic Heart Failure (CHF-CePPORT) e-Counseling
platform after the second round of usability testing. Original image.

Content
We identified a mean of 16 positive and 5 negative comments
per participant in Round 1. In Round 2, we identified a mean
of 13 positive and 2 negative comments per person in Round 2
(see Table 3).

Participants were very positive about the content of the
e-Counseling platform, as indicated by the greater number of
positive versus negative comments from both rounds of
participants. All participants commented that the self-help
materials were helpful, straightforward, approachable, and
practical for cardiac patients and their families. The content
covered a wide range of topics and reinforced the importance
of adherence to self-care behaviors. Furthermore, the material
addressed experiences faced by heart failure patients. A patient
[P1, Round 2] said, “...[the content is] realistic to what you
actually go through as a heart patient, the struggles you have
going through...”

Participants also commented that videos and interactive tools
helped to make the information easier to understand and the
learning process more entertaining. There were 5/7 (71%)
participants that thought the videos are of good quality. The
experts in the videos offered useful information in an empathetic
manner, which participants appreciated. There were 1/7 (14%)
participant that commented that the daily step count e-tracker
was a helpful tool to monitor self-care behavior change, while

3/7 (43%) participants appreciated having the progress graph
to keep track of their progression through the CHF-CePPORT
e-platform. To improve ease of use, 1/7 (14%) participant
recommended the use of multiple-choice and check-box
response options for some of the interactive tools. We plan to
incorporate this suggestion in the next generation of the
e-platform.

Layout
We identified a mean of 2 positive and 3 negative comments
per person about the layout in Round 1. We identified a mean
of 3 positive comments per person regarding the website layout
and only 1 negative comment in Round 2 (see Table 3).

Comments on the layout of the website were mostly positive in
both rounds of testing. The participants remarked that the
website had a clear and professional look. Its appearance was
warm and friendly without being distracting to participants. A
participant [P3, Round 2] remarked, “...the meat is the real thing.
The real knowledge [on] how to take care of myself...instead
of something flashing, or some colorful thing [to] distract me.”
There were 2/7 (29%) participants that wondered if the font size
was large enough for others with visual impairment. To address
this, we subsequently added instructions, accessible at the top
of every page, on how to adjust the font size through the Web
browser.
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Discussion

Principal Findings
The goals of this usability study were to gather feedback on the
CHF-CePPORT e-Counseling platform and identify any
navigation issues that may impede its usage. Although the
findings highlighted some issues that our team did not anticipate,
especially related to navigation, we also received many positive
comments about the layout and content of the e-platform. This
information was critical to the implementation of the
e-Counseling platform in our multicenter, double-blind,
randomized controlled trial [18]. By identifying and addressing
usability challenges, we can ensure that these issues are unlikely
to confound our trial findings.

Overall, the participants were very satisfied with the
e-Counseling platform. Participants reported that it was easy to
review the content and find the information for which they were
looking. Most of our participants commented that the videos
on our e-platform were of high quality and made them pay
attention to the content. The learning process was entertaining
and not time-consuming. This feedback was encouraging and
supported our use of “edutainment” [32], for example, films
that simulate real-life situations for patient education. This
technique has been shown to improve accessibility and
understanding of complex medical information (eg, medical
tests and treatment options) among people of various levels of
health literacy [33-35].

Our goal was to create an e-platform that is user-friendly for an
older population because a significant portion of CHF patients
are 65 years or older [36]. This segment of the population tends
to be less computer literate than a younger age group, despite
their growing engagement with the Internet [31]. Yet, they are
also avid consumers of health information on the Web. Our
Web design features incorporated recommendations made by
the National Institute on Aging and the National Library of
Medicine to ensure accessibility and ease of use [37]. These
included using larger font size, white spaces around text, and a
simple color scheme to improve readability. In this study, the
participants were very positive about our layout and design.
They commented that it was professional looking, while
conveying warmth and friendliness. These participants did not
have trouble reading the text, though a couple of them suggested
offering a way to adjust the font size. Based on this feedback,

we believe that the current e-platform design is suitable for older
individuals with CHF.

A study goal was to identify and address any navigation issues.
This was critical because such issues can impede users from
accessing the clinical content, thus minimizing the effectiveness
of the e-Counseling platform [38]. There were fewer navigation
errors and negative comments made during Round 2. As a result,
we believe that the changes we have made to the website after
Round 1 have improved the accessibility of our website. This
finding is even more encouraging because this improvement
was observed from the participants in Round 2, who felt less
comfortable with computers and the Internet than those in Round
1.

Limitations
A few limitations should be noted. First, we relied on
observations made by research personnel to document the
interactions between participants and the e-platform. Using
other methods such as video-capture of mouse clicks and screen
display would provide more objective data on such interactions.
However, the involvement of multiple independent data coders
enhanced the rigor of our data analysis and interpretation
process. Second, we tested the usability of the e-platform using
a sample e-session. There are a total of 28 e-sessions in the
CHF-CePPORT e-platform. We chose one of the e-sessions for
testing to minimize respondent burden. Although this sample
e-session included all the core features of the e-platform, there
may be other usability issues in the remaining 27 e-sessions
that we have not identified. Last, our sample of 7 participants
may seem insufficient in assessing the usability of the
e-platform. However, 80%-95% of usability problems can be
identified using 5-9 individuals [39]. Moreover, we did not
uncover additional issues from Round 2 participants. Thus, we
are confident that the majority of usability problems on the
e-Counseling platform have been identified and addressed.

Conclusions
In this study, we found evidence to support the usability of the
CHF-CePPORT e-Counseling platform. In addition to the
content and layout, navigation proved to be a critical component
for the design of our website. Internet-based self-management
programs are becoming more common as a way to compliment
medical therapies to manage complex diseases such as CHF.
The CHF-CePPORT e-platform is consistent with our priority
to design and implement an easy-to-follow navigational structure
to facilitate user access.
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Abstract

Background: Intensive care units (ICUs) are complex work environments where false alarms occur more frequently than on
non-critical care units. The Joint Commission National Patient Safety Goal .06.01.01 targeted improving the safety of clinical
alarm systems and required health care facilities to establish alarm systems safety as a hospital priority by July 2014. An important
initial step toward this requirement is identifying ICU nurses’ perceptions and common clinical practices toward clinical alarms,
where little information is available.

Objective: Our aim was to determine perceptions and practices of transplant/cardiac ICU (TCICU) nurses toward clinical alarms
and benchmark the results against the 2011 Healthcare Technology Foundation’s (HTF) Clinical Alarms Committee Survey.

Methods: A quality improvement project was conducted on a 20-bed TCICU with 39 full- and part-time nurses. Nurses were
surveyed about their perceptions and attitudes toward and practices on clinical alarms using an adapted HTF clinical alarms
survey. Results were compared to the 2011 HTF data. Correlations among variables were examined.

Results: All TCICU nurses provided usable responses (N=39, 100%). Almost all nurses (95%-98%) believed that false alarms
are frequent, disrupt care, and reduce trust in alarm systems, causing nurses to inappropriately disable them. Unlike the 2011
HTF clinical alarms survey results, a significantly higher percentage of our TCICU nurses believed that existing devices are
complex, questioned the ability and adequacy of the new monitoring systems to solve alarm management issues, pointed to the
lack of prompt response to alarms, and indicated the lack of clinical policy on alarm management (P<.01). Major themes in the
narrative data focused on nurses’ frustration related to the excessive number of alarms and poor usability of the cardiac monitors.
A lack of standardized approaches exists in changing patients’ electrodes and individualizing parameters. Around 60% of nurses
indicated they received insufficient training on bedside and central cardiac monitors. A correlation also showed the need for
training on cardiac monitors, specifically for older nurses (P=.01).

Conclusions: False and non-actionable alarms continue to desensitize TCICU nurses, perhaps resulting in missing fatal alarms.
Nurses’ attitudes and practices related to clinical alarms are key elements for designing contextually sensitive quality initiatives
to fight alarm fatigue. Alarm management in ICUs is a multidimensional complex process involving usability of monitoring
devices, and unit, clinicians, training, and policy-related factors. This indicates the need for a multi-method approach to decrease
alarm fatigue and improve alarm systems safety.
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Introduction

Clinical alarms are the top hazard listed in the 2014 Emergency
Care Research Institute’s (ECRI) “Top Ten Health Technology
Hazards” report [1]. Consensus exists on research about the low
specificity and excessive number of false alarms (86%-99.5%)
produced by physiological monitors [2-4]. This results in
clinicians ignoring or disabling alarms, a phenomenon known
as alarm fatigue, and raises a question about the clinical value
of the currently used physiological alarm systems.

Fatal incidents related to clinical alarms are well documented
[5,6]. As a result, the Joint Commission (JC) National Patient
Safety Goal (NPSG .06.01.01) targeted improving the safety of
clinical alarm systems, requiring health care facilities to establish
alarm systems safety as a hospital priority by July 2014 [7].

A 2005-2006 national survey of more than 1300 health care
professionals and other hospital personnel (such as monitor
technicians and clinical engineers) by the Healthcare Technology
Foundation (HTF) Clinical Alarms Committee showed that
nuisance alarms are frequent (81%), disrupt care (77%), and
reduce trust in alarms, causing clinicians to inappropriately
disable them (78%) [8]. Newer-monitoring systems did not
solve alarms problems (69%) [8]. The HTF clinical alarms
survey is the most comprehensive survey available to date, in
comparison to other surveys measuring perceptions and attitudes
toward clinical alarms [9,10]. The HTF clinical alarms survey
was developed by a group of multidisciplinary experts in
biomedical engineers, safety, and instrumentation and was
supported for administration by different safety and regulatory
agencies such as the Association for the Advancement of
Medical Instrumentation, Food and Drug
Administration/MEDSUN, ECRI, and others [8]. Surprisingly,
a 2011 administration of the same survey to a larger group of
clinicians (N=4278) revealed very similar results [11]. It is
worth noting that the combined samples of 2005-2006 and 2011
HTF clinical alarms surveys were from more than ten different
hospital departments, including the intensive care units (ICUs).

Monitoring the physiological condition of critically ill patients
is a complex task where the use of multiple monitoring devices
per patient is the norm and an essential component in the
treatment process. Nurses are the key professionals responding
to alarms and managing the multiple monitoring devices [5].
The high rate of false alarms constantly reported in ICUs [12-14]
compared to non-critical care units [15] resulted in nurses
responding to an average of 150-400 alarms per patient per day
in ICUs [16]. Therefore, alarm safety is a clear priority in these
units. This also suggests that ICU nurses may have different
perceptions toward clinical alarms than nurses in other clinical
areas. Thus, nurses’ attitudes toward clinical alarms and their
perceptions of factors that may threaten alarm recognition and
response are essential in guiding research projects and quality
initiatives for alarm management in ICUs.

None of the available studies on perceptions and attitudes to
alarm management have yet to benchmark their results with the
HTF clinical alarms national data using the complete version
of the survey. Little information is available about ICU nurses’
attitudes and common practices related to clinical alarms
[9,10,17], and none is available specifically about nurses’
perceptions and attitudes in transplant/cardiac ICU (TCICU),
the target setting of this project. Examining nurses’ attitudes
and practices toward clinical alarms using a comprehensive
survey such as the HTF clinical alarms survey is essential to
understand the complexity of the ICU work environment and
contributing factors that threaten the safety of alarm recognition
and appropriate management. Additionally, in the project setting,
state-of-the-art new physiological monitoring devices are used,
demanding an evaluation of their capabilities to reduce alarm
fatigue and improve alarm safety.

Nurses on a 20-bed TCICU identified an excessive number of
clinical alarms, specifically from the cardiac monitors, as a
safety hazard that caused work disruption. An interprofessional
alarm management taskforce consisting of nurses, physicians,
and biomedical engineers was assembled to attain phase 1 A.
of the JC NPSG.06.01.01, to establish alarm systems safety as
a hospital priority. The initial project goal was to standardize
alarm management in all ICUs. This phase of the project had
two objectives: (1) to determine TCICU nurses’ perceptions
and attitudes toward clinical alarms signal from all physiological
monitors, as well as current practices and educational needs for
alarm management using the cardiac monitors, and (2) to
benchmark the results with the 2011 HTF clinical alarms survey
data. Correlations between attitudes, nurse characteristics, and
other factors such as training on monitoring devices were also
examined for further insight into the current problem.

Methods

Design, Sample, and Setting
Approval to conduct this quality improvement project was
obtained from the hospital’s Institutional Review Board, and
implied consent was obtained from the participating nurses.
This project was conducted on a 20-bed TCICU located in a
684-bed university teaching Magnet hospital in the Southwestern
United States. The unit has 39 full- and part-time nurses with
a nurse patient ratio of 1:2. The unit is equipped with modern
patient monitoring devices (eg, cardiac monitors, pulmonary
artery catheter monitoring, pulse oximeter) and with intensive
care equipment for life support (eg, ventilator, infusion pump).
The ICU is an “E” shape with patients’ rooms to the sides and
an unstaffed central monitor station. At the time of this project,
the unit had no policy for clinical alarm management.

In April 2014, the unit witnessed two major changes: the
implementation of new cardiac monitors (Philips IntelliVue
MX800) and Wi-Fi (CISCO) phones for communication. When
deploying any physiological monitoring devices, nurses usually
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receive a group-based presentation with hands-on training on
the device’s appropriate use by the device company
representative. Device manuals are also available in the unit for
nurses to review. Newly hired nurses are trained on device use
during their orientation program by their preceptors, unit
educators, or the company representatives. Usually, no other
structured periodic training on managing physiological
monitoring devices is offered. However, the nursing unit
educators do provide individualized help for device management
if needed. This project began 2.5 months after implementing
the new cardiac monitors.

Instrument and Procedure
We adapted the 2011 HTF clinical alarms survey after obtaining
approval from the developers for its use to understand TCICU
nurses’ attitudes and practices related to clinical alarms. Four
expert ICU nurses reviewed the survey after adaptation for face
validity and appropriateness to use in the TCICU. The adapted
survey included three sections: (1) demographics, (2) perception
about clinical alarms signaled from all monitoring devices, and
(3) potential issues that interfere with alarm recognition. Section
2 in the HTF clinical alarms survey had 20 statements rated
using a 5-point Likert-type scale of agreement followed by a
free-text area to provide details on statements. Our changes to
the HTF clinical alarms survey items involved Section 2 and
consisted of (1) deleting the statement “The integration of
clinical alarms into the Joint Commission patient safety
measures have reduced patient adverse events” because it is not
applicable to our setting yet, (2) adding three statements to
capture other alarm issues specific to the TCICU related to the
types of alarms, alarm specificity, and the unit layout, and (3)
replacing “institution” and “floor/area of the hospital” to “unit”
in some statements, to reflect the context of measurement.
Section 3 has 9 issues to order in rank from 1 (most important)
to 9 (least important).

Since the HTF clinical alarms survey is designed to measure
clinicians’ attitudes toward alarms signaled from all
physiological monitoring devices and because the unit deployed
new cardiac monitors, three additional questions were also asked
to understand nurses’ practices toward clinical alarms specific
to the cardiac monitors. These were related to the (1) frequency
of individualizing alarms’parameters, (2) frequency of changing
electrodes, and (3) adequacy of the training received on using
the cardiac monitors.

The survey was designed using SurveyMonkey and placed on
a hospital website. In coordination with the nursing director of
the TCICU, we sent individual recruitment emails, each with a
unique ID, to all 39 TCICU nurses with a link to the adapted
survey. ID numbers were used for follow-up on responses. Two
email reminders were sent to non-respondents by the first author
(AS), who is not employed at the project setting, to enhance the
response rate.

Data Analysis
Descriptive statistics were used to describe respondents’
characteristics (age, clinical, and computer experience) and to
summarize questionnaire responses. A Z test for difference in
proportions for independent samples was used to examine the

difference between the percentages of HTF clinical alarms
survey respondents and TCICU nurses in this project. Mean
ranks were used for the ranking section of the survey. Content
analysis was used to categorize the narrative data into themes.
Bivariate correlations between demographic information and
other survey statements and questions related to training and
practices were calculated using a chi-square test. A level of
significance of .05 was used for all statistical tests.

Results

Overview
A total of 39 completed responses (100% response rate) were
obtained with usable data. The majority of nurses were females
(25/39, 64%), about 40 years old (28/39, 72%), and full-time
staff (33/39, 85%). The percentages of nurses who reported
having “1-3” and “>5” years of overall nursing experience were
equal (16/39, 41%, in each category). However, the majority
of nurses were within 1-3 years of TCICU experience (28/39,
72%). The mean score of the reported computer skills was 2.4
(SD 0.68) out of a 4-point Likert-type scale.

General Statements About Clinical Alarms
Table 1 presents the percentages of TCICU nurses and HTF
clinical alarms study respondents who agreed/strongly agreed
on each of the 22-item statements about clinical alarms. A major
assumption of Z test is that “n*p and n(1-p) must both be equal
to or greater than 5”, where n is the sample size and p is the
proportion. This assumption was not met when a very high
percentage of our participants agreed/strongly agreed with
several item statements; therefore, Z test for the difference in
proportions was not calculated for the first five items.

Similar to the majority of the HTF study sample, almost all of
our TCICU nurses agreed or strongly agreed on the first five
statements regarding the frequency of nuisance alarms and the
need for distinctive alarm sounds and visual displays (Table 1).
The majority of the respondents from the two studies were also
supportive of the use of smart alarms, hiring dedicated central
monitor alarm management staff, and integrating the alarms
into wireless devices (Items 6, 7, 10, 11). Almost two thirds of
our TCICU nurses indicated that the unit layout interferes with
alarm recognition and management (Item 8), and only half
agreed that lethal alarms are responded to promptly (Item 15).

In contrast to the HTF study results, a significantly higher
percentage of our nurses pointed to confusion in locating an
alarming device (Item 9), believed that existing devices are
complex for setting alarms parameters (Item 12), questioned
(disagreed with) the ability and adequacy of the monitoring
systems to alert staff of changes in a patient’s condition (Item
14), doubted the sensitivity of the clinical staff to alarms (Item
17), and did not think that the monitoring devices provided
distinct outputs (Item 19). Additionally, the majority of our
nurses indicated a lack of requirements to document the
individualization of patient parameters (Item 20) and the absence
of clinical policies on alarm management (Item 21). Almost all
nurses believed that the new monitoring systems have not solved
most of the previous problems they experienced with clinical
alarms (Item 22).
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Table 1. Percentages of TCICU nurses who agreed or strongly agreed on clinical alarm survey statements compared with respondents of the 2011 HTF
survey data.

P

HTF 2011

nb (%)

TCICU

na (%)Statement#

NAc4125 (71)38 (98)Nuisance alarms disrupt patient care1

NAc4133 (78)38 (98)
Nuisance alarms reduce trust in alarms and cause caregivers to inappropriately turn alarms off at
times other than setup or procedural events2

NAc4137 (91)37 (95)
Alarm sounds and/or visual displays of the current monitoring systems and devices should clearly
differentiate the priority of alarm3

NAc4130 (91)37 (95)Alarm sounds and/or visual displays should be distinct based on the parameter or source (eg, device)4

NAc4124 (77)37 (95)Nuisance alarms occur frequently5

.73783 (78)31 (80)Smart alarms (eg, where multiple parameters, rate of change of parameters, and signal quality are
automatically assessed in their entirety) would be effective to use for improving clinical response
to important patient alarms

6

.93791 (78)30 (78)Smart alarms (eg, where multiple parameters, rate of change of parameters, and signal quality are
automatically assessed in their entirety) would be effective to use for reducing false alarms

7

NANA28 (73)Unit layout does interfere with alarm recognition and management8d

<.01e3916 (51)28 (73)
When a number of devices are used with a patient, it can be confusing to determine which device
is in an alarm condition9

.43890 (53)24 (59)Central alarm management staff responsible for receiving alarm messages and alerting appropriate
staff is helpful

10

.93786 (56)23 (56)Alarm integration and communication systems via pagers, cell phones, and other wireless devices
are useful for improving alarms management and response

11

<.001e4009 (21)22 (56)Properly setting alarm parameters and alerts is overly complex in existing devices12

.13919 (42)21 (54)Environmental background noise has interfered with alarm recognition13

<.001e3978 (72)20 (51)
The alarms used on my unit are adequate to alert staff of potential or actual changes in a patient’s
condition14f

NANA19 (49)
When a lethal alarm sounds, it is clearly and quickly recognized and immediate action is taken to
address the alarm15d

NANA19 (49)Nearly all alarms are actionable (requiring the nurse to respond and take an action)16d

<.001e3935 (66)13 (34)Clinical staff is sensitive to alarms and responds quickly17

.63999 (29)12 (32)There have been frequent instances where alarms could not be heard and were missed18

<.001e3927 (70)12 (32)
The medical devices used on my unit all have distinct outputs (ie, sounds, repetition rates, visual
displays) that allow users to identify the source of the alarm19f

<.001e3784 (71)12 (29)
There is a requirement in my unit to document that the alarms are set and are appropriate for each
patient20f

<.001e3772 (55)8 (20)Clinical policies and procedures regarding alarm management are effectively used in my unit21f

<.001e3988 (29)1 (2)
Newer monitoring systems (eg, <3 years old) have solved most of the previous problems we expe-
rienced with clinical alarms22

aThis “n” reflects only the participants who agreed/strongly agreed on each statement and not the total sample size. The total sample size was 39.
bThis “n” is the number of respondents who answered each statement and is not limited to those who agreed/strongly agreed on each statement, and
was used to calculate Z test. These numbers are unpublished data and were obtained from the HTF. The total sample size of the 2011 HTF survey is
4278.
cNA= Not applicable. No Z scores were calculated for difference between the two studies on these statements because “n*p and n(1-p)” were less than
5.
dThese are the new statements that we added to our survey and were not available in the HTF survey. Therefore, no Z score was calculated.
eSignificant at P<.05.
fThese are the statements where the “floor/area of the hospital” or “institution” in the HTF clinical alarms survey were replaced with “unit”.
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Narrative Data
A total of 22 nurses provided narrative comments about clinical
alarms and issues threatening timely recognition and response.
Categories, themes, and examples of comments are listed in
Table 2. All comments were negative reflecting serious issues
related to safety; poor usability of the cardiac monitors; a lack

of support to the use of evidence-based solutions for alarm
management, such as watchers for the central monitors and
connecting alarms of the monitoring devices to the
communication devices (eg, CISCO phones) [5,18]; and
unit-related factors, such as a lack of policy to manage alarms,
unit layout interferes with alarm response, and the need for
further training on the cardiac monitors.

Table 2. Categories, themes, and comments of the TCICU nurses’ narrative data (N=22).

Examples of commentsCategories and themes

Category 1: Frequent false alarms and patient safety

“too much alarms that distract care and patient sleep”Theme 1: False alarms are very frequent and very distract-
ing (12 nurses)

“they signal for no reason even in an empty patient room”

“the continuous "bing" of the central monitor gives me a huge headache”

“the nuisance of the new cardiac monitors is so overwhelming you tend to ignore”Theme 2: There is a tendency by nurses to ignore clinical
alarms (5 nurses)

“I have watched multiple nurses at the nursing desk listen to alarms sounding and not
respond, very worrisome”

Category 2: Poor usability of the medical devices

“lethal alarms are not distinguishable than other alarms”Theme 3: Alarms’ sounds and visual displays are not dis-
tinct based on the priority of the alarm, parameter, or the
device (9 nurses) “alarms’ sounds and visual displays sound and look alike for different vitals”

“newer cardiac monitors made it worst, they are just fancier”Theme 4: The new cardiac monitors are very complex and
not user friendly (4 nurses)

“cardiac monitors are too difficult to navigate, and takes away time to care for patient
which is more important than figuring the monitor to function, they are FOREVER
alarming”

“I am unable to correct false alarms easily”

“alarms will sound for false Vtachs with no way to silence or relearn”

“cardiac monitor can't recognize the waveform of SPO2, adjustment on wave height
is necessary”

“alarms are very loud within the room, even turning the volume down to the lowest
level is still loud- keeps patients awake at night”

Theme 5: The lowest volume of the alarms is still very loud
and distracts patient sleep (2 nurses)

“the new cardiac monitors have the same volume alarm for even the most trivial alarms
that it sets a cry wolf mentality and could pose a dangerous situation in which an actual
true alarm could be disregarded”

Category 3: Lack of support to the use of evidence-based solutions for alarm management

“having a watcher might be unsafe, will relax the monitoring eyes/ears of a nurse as
a another person is equally monitoring”

Theme 6: A central monitor watcher will not solve the
problem (3 nurses)

“it will add to alarm fatigue, it would be easier for me to just go in the room and fix
the problem than have someone constantly calling me”

“CISCO phones and pagers sometimes don’t alert or receive any alarms even for
emergencies, there are delays on them and they loose the signals in the elevators”

Theme 7: Unreliable technology to integrate with alarms
(3 nurses)

Category 4: Unit-related factors to alarm management

“we need to reinforce that alarm parameters need to be changed specific to the patient”Theme 8: Absence of alarm management and documenta-
tion policy (3 nurses)

“there is no place in the medical record to document that alarms are individualized
based on patient condition”

“although alarms are loud within the patient room, the E-shape unit makes the unit
too large and resulted in alarms being unheard”

Theme 9: Unit layout may hinder response to alarms (2
nurses)

“even within the same hallway a fatal alarm can be missed”

“with the big unit, we cannot see all patients in the central monitor unless adjustment
is done”

“there is not enough time to train staff on the central monitor alarm”Theme 10: Further training on monitoring devices is re-
quired (1 nurse)
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Ranking of Issues that Affect Alarm Recognition
Table 3 presents ranking of the issues that may affect alarm
recognition and response by TCICU nurses and HTF study
respondents. The top four critical issues identified by TCICU
nurses endangering alarm recognition and response were similar
to the HTF data. However, the rankings of these issues differed

according to our nurses who, for example, ranked “difficulty in
identifying the source of an alarm” as the first critical issue
versus the HTF respondents who ranked this issue as second.
Interestingly, and similar to the HTF study, our nurses ranked
the lack of training as one of the three least important issues,
as well as noise competition from nonclinical alarms.

Table 3. Ranking of TCICU nurses compared to respondents of the 2011 HTF clinical alarms survey on the importance of issues that affect response
to alarms (1=most important, 9=least important).

HTF 2011 data (N=4276)Our ICU data (N=39)Items

RankingbMeanaRankingbMeana

24.6112.94Difficulty in identifying the source of an alarm

34.6423.06Difficulty in understanding the priority of an alarm

44.7033.93Difficulty in hearing alarms when they occur

14.2144.15Frequent false alarms, which lead to reduced attention or response to alarms
when they occur

64.8754.23Inadequate staff to respond to alarms as they occur

75.1664.44Difficulty in setting alarms properly

95.6674.45Noise competition from nonclinical alarms and pages

54.8684.77Over-reliance on alarms to call attention to patient problems

85.5596.60Lack of training on alarm systems

aMean rank of the item.
bRanking of the mean.

Nurses’ Practices and Level of Training Related to
Cardiac Monitors
The results support the lack of standardized approaches in
changing patients’ electrodes and individualizing parameters.
Only half of the nurses reported changing electrodes every 24
hours (51%, 20/39 nurses). Other nurses reported changing

electrodes only when needed (23%, 9/39), every shift (13%,
5/39), or every 48 hours (13%, 5/39). Similarly, more than one
third of the nurses indicated not changing monitors’parameters,
and only 5% (2/39) change parameters after disconnecting the
patient from the monitor and when the setting reverted to
defaults. Over half of the nurses indicated the need for more
training on the bedside and central cardiac monitors (Figure 1).

Figure 1. Percentages of TCICU nurses who agreed/strongly agreed on the adequacy of the training received on bedside and central cardiac monitors
(N=39).

Correlations
Bivariate correlations using chi-square test were examined
between age, computer skills, years of ICU experience (as the
demographic data), and the perception about the complexity of
the monitoring devices (survey Item 12), adequacy of alarms
to alert staff (Item 14), frequency of changing patient parameters
and electrodes, and the need for further training on cardiac
monitors. All variables were recoded as binary. None of the
correlations were significant, except for the positive relationship

between age and the need for further training on cardiac
monitors (P=.01).

Discussion

Overview
A mountain of evidence exists on the need for alarm
management [19]. However, the majority of the available studies
targeted changing specific parameters or new algorithms and
their effect on decreasing the number of false alarms and were
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not guided by issues recognized by clinicians as critical for
alarm management and response [12-14,20-23]. Identifying key
issues leading to alarm desensitization as a safety threat should
be a priority in alarm management. This project focused on
understanding the context-related attitudes and practices of
TCICU nurses toward clinical alarms and benchmarked the
results with the 2011 HTF clinical alarms national data. The
results showed that alarm fatigue is a critical and urgent issue
in our TCICU. In comparison to the HTF study results, the
responses of our TCICU nurses highlighted the complexity of
alarm management in ICUs.

Principal Findings
This project helped identify key issues leading to alarm
desensitization. Our nurses and the HTF study respondents agree
that false alarms occur frequently, disrupt care, and reduce trust
in alarm systems and response sensitivity, causing clinicians to
inappropriately disable them. On the other hand, and unlike the
HTF data, the majority of our TCICU nurses challenged the
ability and adequacy of the new monitoring systems in solving
these alarm management issues. Narrative data attributed this
primarily to usability issues with the devices, specifically the
cardiac monitors. These were non-trivial issues such as the
complexity in navigation to set alarm parameters, the inability
of the nurse to turn off some of the false alarms or to adjust
alarm volume, failure of the monitors to identify that patients
were disconnected from monitors and were alarming in empty
rooms, failure of the monitors to display the waveforms of the
parameters in their appropriate size, and the look-alike and
sound-alike alarms for different parameters with different
priorities and from different devices. Most important, these
issues affected the timely recognition of lethal alarms, resulting
in only 50% of the nurses reporting prompt response to such
alarms.

The comments related to poor usability and lack of user-centered
devices were all linked to the new cardiac monitors, indicating
the need for future research on usability testing even for the
newest devices and especially for complex ICU monitoring
devices that may jeopardize safety and workflow efficiency.
Little information is available about the usability of
physiological monitoring devices [24,25]. Unlike previous
studies on alarm fatigue [9,10], usability of the monitoring
devices was a major reason behind nurses’ frustration with alarm
systems in this project. These findings are congruent with the
fast pace, high-stress level, and complexity of the ICUs, where
monitoring devices need to be useful tools to guide clinical
decision-making rather than positive contributors to the stress
level, workload, workflow inefficiency, and sleep deprivation
among patients.

One of the nurses described the cardiac monitor as a “fancy”
monitor, suggesting the availability of unused features by
clinicians and perhaps the lack of knowledge on the appropriate
use and usefulness of some features. For patient safety in ICUs,
previous research supported the need to eliminate unnecessary
alarms [22] and to understand triggered defaults. In fact, overuse
of alarms of the monitoring devices is a practice associated with
overdiagnosis; it may do more harm than good. Finding only
5% of our nurses changing alarm parameters after disconnecting

the patient from the monitor may indicate that nurses are
unaware that the disconnection results in settings reverting to
defaults (a critical safety feature).

Results showed that our nurses were supportive of employing
a dedicated person for the central monitor and the integration
of alarms into the communication devices [5]. However,
narrative comments highlighted safety and feasibility concerns.
This indicates the need to pilot any initiatives for alarm
management to assure their appropriateness.

Another unique finding of this project was that unit layout was
a major factor interfering with alarm response and recognition.
Instead, unit architectural layout should be a facilitator to timely
response and recognition. Nurse input to unit design is
imperative in the future. Additionally, alarm policies and
requirements to document alarm settings were absent. An alarm
management policy could eliminate non-standardized practices
related to frequency of changing the electrodes and customizing
patients’parameters. The American Association of Critical Care
Nurses’ evidence-based recommendation of electrode change
is “daily and if needed” [26]. Only 50% of our nurses were
following this recommendation. Also, more than a third of our
nurses reported not customizing alarm parameters to be patient
specific. These practices contribute significantly to increasing
the number of false alarms in ICUs [5], but examining whether
nurses have sufficient knowledge on parameter limits is equally
important. While 44% of the TCICU nurses customize the
parameters, evidence-based hard stops are needed in these
devices, specifically for critical parameters.

The rankings assigned to the importance of issues identified the
source of an alarm and understanding its priority as the top two
critical issues, reflecting the complexity of the monitoring
devices and their current inadequacy. Difficulty in hearing
alarms, ranked as the third most important issue, may be
attributed to the unit layout as explained by nurses in the
narrative comments. The lack of training was listed as the least
important factor, but in contrast, 60% of the nurses doubted
their abilities to manage cardiac monitors and requested further
training. This may be because the training question was limited
to the cardiac monitors while survey items concerned all existing
devices. Most important, nurses’ responses reflect the high
frustration level of nurses who think that devices should be
designed to be easy to use at a minimum and should help nurses
acknowledge the source and priority of the alarms without the
nurse spending time figuring out basic operational issues.
Furthermore, the need for further training may also reflect
deficiencies in the current group-training method, suggesting
techniques such as the use of simulation [5], periodic refresher
training, and super users. Interestingly, our results also supported
a positive correlation between age and the need for training.
This indicates that training methods may need to be revised for
older nurses or that older nurses might be more resistant to
change.

Summary and Future Directions
Our results highlight the complexity of overall alarm
management in ICUs and that ICU nurses may have different
perceptions toward alarm management than other nurses.
Appropriate alarm management depends on a combination of
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device usability, training, unit layout, IT infrastructure, and
alarm management protocols and documentation capabilities
[23,27]. In summary, this complexity suggests that (1) policies
should be in place to guide end users of monitoring devices on
alarm management, (2) device usability is fundamental for alarm
management and emphasis in this area is needed, (3) the
traditional group-based, one-round training on complex
alarm-equipped monitoring devices is inadequate, (4) a need
exists for structured evaluation of quality initiatives to ensure
their appropriateness for different work cultures, and (5)
focusing on one strategy (eg, changing alarms’ algorithms) to
decrease false alarms may be insufficient to improve alarm
fatigue.

Limitations
The findings of this project can be generalized with caution.
We obtained a 100% response rate, indicating a motivated
sample, perhaps reflecting the importance of this issue to ICU
nurses, the high stress level experienced by our nurses toward
clinical alarms, and the need for urgent initiative to manage this
problem. However, the sample size is relatively small and the
results are limited to a TCICU in one setting with monitors from
specific vendors. Other frequently used devices in other ICUs
may also contribute negatively or positively to alarm fatigue.
Including other ICUs will also increase the sample size. We
measured nurses’ attitudes 2.5 months after the introduction of

the new cardiac monitors because we thought this time period
would be sufficient for nurses to adapt to the new devices.
Measuring attitudes before or after that time period might reveal
other findings as a result of novelty in using the devices (if
measured before) or adaptation to the new monitors (if measured
after). Last, although we could not use the Z test to measure the
difference between our nurses and the HTF respondents on the
first five statements on the survey; the comparable high
percentages of respondents from the two studies on these
statements predict the absence of any statistical differences.

Conclusions
Clinical alarm management is in its infancy in many institutes.
False and non-actionable alarms continue to desensitize
clinicians and may result in missed fatal alarms. A multi-method
approach in decreasing alarm fatigue and improving alarm
systems safety is needed across devices, training, unit layout,
clinicians, and policies. Usability of monitoring devices is
essential in alarm management. Clinicians’ attitudes and
practices related to clinical alarms are key in designing
contextually sensitive quality initiatives to fight alarm fatigue.
Partnership between clinicians, organizations, researchers,
manufacturers, safety, and regulatory organizations is essential
to improve alarm management. In the future, a comparison
across other ICUs is needed and comprehensive usability studies
are essential.
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Abstract

Background: Prior research has documented the effect of concurrent mobile phone use on medical care. This study examined
the extent of hospital registered nurses’ awareness of their mobile-phone-associated performance decrements.

Objective: The objective of this study was to compare self-reported performance with reported observed performance of others
with respect to mobile phone use by hospital registered nurses.

Methods: In March 2014, a previously validated survey was emailed to the 10,978 members of the Academy of Medical Surgical
Nurses. The responses were analyzed using a two-proportion z test (alpha=.05, two-tailed) to examine whether self-reported and
observed rates of error were significantly different. All possible demographic and employment confounders which could potentially
contribute to self-reported and observed performance errors were tested for significance.

Results: Of the 950 respondents, 825 (8.68%, 825/950) met the inclusion criteria for analysis. The representativeness of the
sample relative to the US nursing workforce was assessed using a two-proportion z test. This indicated that sex and location of
primary place of employment (urban/rural) were represented appropriately in the study sample. Respondents in the age groups
<40 years old were underrepresented, while age groups >55 years old were overrepresented. Whites, American Indians/Alaskan
natives, and Native Hawaiian or Pacific Islanders were underrepresented, while Hispanic and multiple/other ethnicities were
overrepresented. It was decided to report the unweighted, rather than the weighted survey data, with the recognition that the
results, while valuable, may not be generalizable to the entire US registered nursing workforce. A significant difference was
found between registered nurses’ self-reported and observed rates of errors associated with concurrent mobile phone use in
following three categories (1) work performance (z=−26.6142, P<.001, Fisher’s exact test), (2) missing important clinical
information (z=−13.9882, P=.008, Fisher’s exact test), and (3) making a medical error (z=−9.6798, P<.001, Fisher’s exact test).
Respondents reported that personal mobile phone use by nurses at work was a serious distraction; always (13%, 107/825), often
(29.6%, 244/825), sometimes (44.6%, 368/825), rarely (8.7%, 72/825), or never (1.2%, 10/825). On balance, 69.5% (573/825)
of respondents believed that nurses’ use of personal mobile phones while working had a negative effect on patient care. Since all
possible confounders were tested and none were deemed significant, a multivariate analysis was not considered necessary.

Conclusions: Many hospitals are drawing up policies that allow workers to decide how to use their devices at work. This study
found that nurses express a disproportionately high confidence in their ability to manage the risk associated with the use of mobile
phones and may not be able to accurately assess when it is appropriate to use these devices at work.

(JMIR Human Factors 2015;2(1):e6)   doi:10.2196/humanfactors.4070
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Introduction

Studies examining the effect of mobile phones on work
performance have proliferated [1-3], and they have demonstrated
that concurrent mobile phone use results in performance
decrements, including the impaired ability to focus, difficulty
filtering out extraneous information, and the impaired ability
to remember important information. In clinical environments,
this distraction could cause substandard patient care.
Katz-Sidlow et al [4] reported that 19% of residents and 12%
of attending physicians acknowledged missing important clinical
information because of distractions from mobile phones. In
addition, 34% of residents and 20% of attending physicians
reported observing another team member miss an important
piece of clinical information because they were distracted by
their mobile phones during rounds. Smith et al [5] surveyed
surgical technicians, of whom 92.7% reported that they had
never been distracted by or had their performance negatively
affected by their mobile phone, and 98% reported that they had
never made an error that could be attributed to their mobile
phone use. In contrast, 34.5% reported seeing another surgical
technician distracted by their mobile phone during surgery.
These results suggest that while many clinicians are aware of
the potential dangers of using mobile phones while working,
they may not be aware of their own decreased performances.
Another study described the underestimation of self-reported
medical errors relative to those observed [6]. The researchers
identified a self-esteem bias, where respondents have a
subconscious tendency to protect themselves from the emotional
distress associated with personal deficiencies, resulting in a lack
of awareness of medical errors.

The objective of this study was to compare self-reported
performance decrements with reports of observed performance
decrements related to mobile phone use by registered hospital
nurses.

Methods

We used a survey instrument piloted in 2013 [7]. The survey
consisted of four parts, with questions about (1) demographics,
(2) the use of personal communication devices, (3) opinions
about the effects of personal communication devices on the
work of registered nurses, and (4) hospital policies concerning
personal communication devices (Multimedia Appendix 1).
The questions, which were developed based on a literature
review and interviews with hospital nurses, asked respondents
to rank the types of activities they engage in on a 5-point Likert
scale to determine how frequently they participated in each
activity. Psychometric testing of the questionnaire included
examining internal consistency reliability and test-retest
reliability in a sample of 50 registered nurses. A Spearman rho
correlation was used to determine the test-retest reliability.
There was strong test-retest reliability between the two tests
with a mean agreement for the Likert scale responses of 74%
(SD 15, range 43-100%). Accounting for responses within 1
SD range on the Likert scale increased the agreement to 96%
(SD 7, range 87-100%). The Cronbach coefficient alpha values
examining the internal consistency and reliability in three of

the domains were high; utilization (.84), impact (.96), and
opinion (.85). A lower agreement was observed in the
performance domain (.45). Based on the results of the pilot
survey, several questions in the performance domain were
rewritten to clarify the underlying concept of work performance.

For the purposes of the study, a personal communication device
was defined as a wireless handheld device owned by an
individual which can make and receive telephone calls or which
provides a connection to the Internet via email, text messaging,
videoconferencing, and social networking software. This
definition includes cellular phones, mobile phones with app
capabilities, and electronic tablet computers, but excludes
desktop computers, pagers, or any company-provided device.
Of the 825 respondents, 1.3 % (11/825) reported not owning a
mobile phone or a comparable mobile communication device.
For the purposes of reporting the results of the survey, the term
mobile phone is therefore used as a general term to cover the
multitude of mobile communication devices currently in use in
hospitals.

In March 2014, a recruitment email containing a link to the
previously validated 30-question survey was sent to the 10,978
members of the Academy of Medical-Surgical Nurses [8]. The
Academy is a specialty nursing organization focused on
medical-surgical nursing, with members based across the United
States. Membership is open to anyone interested in
medical-surgical nursing, including registered nurses, clinical
nurse specialists, nurse practitioners, researchers, and
administrators.

After excluding all respondents who did not meet the study
criteria of having current full-time employment as a registered
nurse in a hospital with an average of >5 hours a week of patient
contact, the sample was divided into sub-groups for age and
ethnicity. The subsets were examined to determine the
representativeness of the sample relative to the US nursing
workforce [7]. The probability that the proportions of various
subgroups in the study sample were representative of the larger
population of the US nursing workforce was calculated using
a two-population z test to determine whether any weighting was
necessary.

The results of the questions about self-reported and observed
error rates were analyzed using a two-proportion z test
(alpha=.05, two-tailed) to determine whether the differences
between self-reported and observed outcomes were significant.
All possible confounders which could potentially contribute to
self-reported and observed performance errors were tested for
significance, including age, race/ethnicity, length of time
employed as a registered nurse, location of primary place of
employment (inner city, rural, suburban, or urban), job title in
primary nursing position, primary nursing role, number of hours
per week spent caring for patients in an in-patient setting, US
state of employment, type of primary place of employment (for
profit, not for profit, or state/local government community
hospital), and number of beds at primary place of employment.
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Results

Overview
A total of 940 (8.56%, 940/10,978) respondents completed the
Web-based questionnaire, and 825 (7.25%, 825/10,978) met
the inclusion criteria for the study; having current full-time
employment as a registered nurse in a hospital with an average
of >5 hours a week of patient contact.

Demographics
Of the study sample, 48 (5.8%, 48/825) were male and 775
(93.9%, 775/825) were female. The age ranges were 20-30 years
(9.3%, 77/825), 30-40 years (18.1%, 149/825), 40-50 years
(23.9%, 197/825), 50-60 years (39.2%, 323/825), and >60 years
(9.3%, 77/825). The results of the two-proportion z test indicated
that sex and location of primary place of employment
(urban/rural) were represented appropriately in the study sample.
Respondents in the age groups <40 years old were
underrepresented, while age groups >55 years old were
overrepresented. Whites, American Indians/Alaskan natives,
and Native Hawaiian or Pacific Islanders were underrepresented,
while Hispanic and multiple/other ethnicities were
overrepresented. Weighting the study sample data for age and
race/ethnicity was determined to be undesirable because of the

small sample sizes of several age groups and the inherent
subjectivity of racial/ethnic groups.

Effects on Performance of Mobile Phone Use
Three survey questions assessed self-reported and witnessed
performance decrements associated with the use of smartphones
in the following areas (1) negative performance, (2) medical
errors, and (3) missed clinical information. A significantly lower
percentage of respondents self-reported mobile phone-related
performance decrements (7.4%, 61/825) than reported
witnessing mobile phone-related performance decrements in
other nurses (70.9%, 584/825, z=−26.6142, P<.001, Fisher’s
exact test) (Table 1).

Significantly fewer respondents self-reported making medical
errors (adverse effect of care, including a near-miss or a sentinel
event) because of a mobile phone-related distraction (0.8%,
7/825) than reported witnessing such medical errors in other
nurses (13.1%, 108/825, z=−9.6798, P=.008, Fisher’s exact test)
(Table 1). Likewise, significantly fewer respondents
self-reported missing important clinical information because of
mobile phone-related distractions (4%, 33/825) than reported
witnessing other nurses missing important clinical information
(29.9%, 246/825, z=−13.9882, P<.001, Fisher’s exact test)
(Table 1).

Table 1. Questionnaire responses (N=825).

Response, n (%)Questions

NoYes

Performance

15 (1.8)61 (7.4)Has mobile phone use ever negatively affected your performance as a nurse?

16 (1.9)585 (70.9)Have you ever witnessed a nurse colleague’s mobile phone use negatively affect his/her
performance?

z=−26.6142, P<.001z and Chi-square P valuesa

Medical error

34 (4.1)7 (0.8)Have you ever made a medical error (an adverse effect of care, including a near miss or a
sentinel event) because you were distracted by your mobile phone?

20 (2.4)108 (13.1)Have you ever witnessed a nurse make a medical error (defined as an adverse effect of
care, including a near miss or sentinel event) because he/she was distracted by his/her
mobile phone?

z=−9.6798, P=.008z and Chi-square P values

Missed information

29 (3.5)33 (4)Do you think you have ever missed an important piece of clinical information because you
were distracted by your mobile phone?

21 (2.5)247 (29.9)Have you ever witnessed a nurse miss an important piece of clinical information because
he/she was distracted by his/her mobile phone while working?

z=−13.9882, P<.001z and Chi-square P values

aThe z and Chi-square P values are for the difference between self-reported and observed errors in each case. P values were calculated using Fisher’s
exact test.

Serious Distraction
Of the 825 respondents, 351 believed that “smartphones can be
a serious distraction during work”; always (13.0%, 107/825) or
often (29.6%, 244/825). An additional 368 (44.6%, 368/825)
believed that mobile phones were a serious distraction

sometimes, and 82 thought that they were rarely (8.7%, 72/825)
or never (1.2%, 10/825) a distraction. As well, a fraction, (2.9%,
24/825) did not answer the question.
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Balance of Negative or Positive Effect on Patient Care
When asked, “On balance, do you think the use of personal
smartphones by nurses while working has a more positive or
negative effect on patient care?”, the majority, 69.5% (573/825),
said it has a more negative effect. Only 27.5% (227/825) said
that the effect was more positive, and 25 respondents (3.0%,
25/825) did not answer the question.

Confounding Variables
Since all possible confounders were tested and none were
significant, a multivariate analysis was not considered necessary.
The proportion test was conducted under the assumption of
normal approximation to the binomial distribution. The
conditions for the normal approximation from the binomial
distribution were satisfied. More advanced data analysis was
not conducted because no confounding variables were
significant.

Discussion

Principal Findings
An overwhelming majority of respondents answered that their
work performance had never been negatively affected by their
mobile phone use, with only 61 (7.4%, 61/825) reporting
negative effects on performance, 7 (0.8%, 7/825) reporting that
they had made a clinical error, and 33 (4%, 33/825) saying that
they had missed an important piece of clinical information.
However, far more said that they had witnessed a nurse
colleague’s work performance negatively affected due to the
use of a mobile phone, with significant differences across all
three categories. For example, 585 respondents (70.9%, 585/825)
reported that they had seen a colleague’s work performance
negatively affected. More than 100 reported seeing someone
else make a clinical error, and over one quarter claimed that
they had seen a colleague miss a significant piece of clinical
information.

Comparison With Prior Work
These results are consistent with findings from previous studies,
including Katz-Sidlow et al’s work on residents and attending
physicians [4], and Smith et al’s study of surgical technicians
[5]. Both reports found significant discrepancies between
self-reported and observed effects of mobile phone use on
performance among the groups studied. There are several
possible reasons for these discrepancies, including multiple
observations of a smaller number of errors. However, this is
unlikely in this study given the relatively small number of
respondents coming from a wide geographical area, and the
large differences between self-reported and observed outcomes.
It is more likely that nurses may not be aware of their own
mistakes while using their mobile phones or may not believe
that they are distracted by them.

This conclusion is supported by work in other fields. For
example, Lesch and Hancock [9] carried out a study to determine
whether drivers were aware of their reduced driving ability
while operating a mobile phone. They found that drivers were
oblivious to their reduced driving ability caused by concurrent
mobile phone use. Strayer et al [10] found that drivers described

other drivers using their cell phones as driving poorly but
reported that their own driving during mobile phone use
remained normal, even when the results of driving performance
tests showed otherwise. These results support our findings and
suggest that there is a disconnect between self-reported and
observed performance among respondents. Although
respondents self-report low levels of performance decrements,
the significantly higher level of reported witnessed performance
decrements should be a cause for concern because it raises the
possibility of substantial patient safety issues.

A recent study found that medical students believe that using
mobile phones to support clinical work enables them to work
more efficiently [11]. However, there were serious concerns
raised in that study about the security of patient data transmitted
via unsecured mobile phones, not least that current use may not
be consistent with regulatory requirements. Similar to our
results, this suggests that staff may be unable to accurately
assess the risks of mobile phone use.

Limitations
This study has some limitations. First, the sample subgroups
are not representative of the wider nursing population.
Consideration was given to weighting the study sample data for
race/ethnicity and age, but several points argued against it, such
as the small sample sizes within several age groups and the
inherent subjectivity of racial/ethnic groups. While the response
rate was low relative to other online surveys, this may have
been the result of the perceived sensitive nature of the subject,
with respondents preferring not to admit that they had used their
personal communication devices at work for non-work related
activities. Holbrook et al [12] assessed whether lower response
rates are associated with less unweighted demographic
representativeness of a sample. By examining the results of 81
national surveys with response rates varying from 5%-54%,
they found that surveys with much lower response rates were
only minimally less accurate. As such, it was decided not to
weight the current survey data, but to report the unweighted
survey results with the recognition that the results, while
valuable, may not be generalizable to the entire US registered
nursing workforce.

Second, there may have been some selection bias. The usable
response rate was quite low (7.25%, 60/825) as nurses may have
been reluctant to participate because of the sensitive nature of
the topic. This may have been a particular problem for any
nurses who felt that their own performance had suffered as a
result of personal mobile phone use and as such, the study
overestimated the differences between the two groups. However,
because these differences were quite large, this may not have
affected the derived conclusions.

Finally, the results were based on respondents’ recall and may
not reflect current usage patterns. Real-time observations of
mobile phone usage would provide a more accurate description
of current usage patterns.

Conclusions
In response to concerns about mobile phone use, many hospitals
are drawing up policies outlining the appropriate use of these
devices at work. One approach is to allow workers to decide
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how and when to use their devices at work. This presumes,
however, that workers can accurately assess the risks associated
with the use of their mobiles phones in a workplace environment
and can appropriately modify their behavior. The results of this
study indicate that registered nurses may express a

disproportionately high confidence in their ability to manage
the risk associated with the use of mobile phones at work relative
to other registered nurses’ performance, and may not be able to
accurately assess when it is appropriate to use them and to
modify their behavior accordingly.
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Abstract

Background: Advance care planning may help patients receive treatments that better align with their goals for care. We developed
a Web-based decision aid called InformedTogether to facilitate shared advance care planning between chronic obstructive
pulmonary disease (COPD) patients and their doctors.

Objective: Our objective was to assess the usability of the InformedTogether decision aid, including whether users could interact
with the decision aid to engage in tasks required for shared decision making, whether users found the decision aid acceptable,
and implications for redesign.

Methods: We conducted an observational study with 15 patients and 8 doctors at two ethnically and socioeconomically diverse
outpatient clinics. Data included quantitative and qualitative observations of patients and doctors using the decision aid on tablet
or laptop computers and data from semistructured interviews. Patients were shown the decision aid by a researcher acting as the
doctor. Pulmonary doctors were observed using the decision aid independently and asked to think aloud (ie, verbalize their
thoughts). A thematic analysis was implemented to explore key issues related to decision aid usability.

Results: Although patients and doctors found InformedTogether acceptable and would recommend that doctors use the decision
aid with COPD patients, many patients had difficulty understanding the icon arrays that were used to communicate estimated
prognoses and could not articulate the definitions of the two treatment choices—Full Code and Do Not Resuscitate (DNR). Minor
usability problems regarding content, links, layout, and consistency were also identified and corresponding recommendations
were outlined. In particular, participants suggested including more information about potential changes in quality of life resulting
from the alternative advance directives. Some doctor participants thought the decision aid was too long and some thought it may
cause nervousness among patients due to the topic area.
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Conclusions: A decision aid for shared advance care planning for severe COPD was found acceptable to most COPD patients
and their doctors. However, many patient participants did not demonstrate understanding of the treatment options or prognostic
estimates. Many participants endorsed the use of the decision aid between doctors and their patients with COPD, although they
desired more information about quality of life. The design must optimize comprehensibility, including revising the presentation
of statistical information in the icon array, and feasibility of integration into clinical workflow, including shortening the decision
aid.

(JMIR Human Factors 2015;2(1):e2)   doi:10.2196/humanfactors.3842

KEYWORDS

usability testing; decision aid; shared decision making; COPD; advance care planning

Introduction

Chronic obstructive pulmonary disease (COPD) is a progressive
disease affecting approximately 6.3% of adults (15 million) in
the United States [1] and is the third leading cause of death in
the United States [2]. As COPD advances, patients may
experience COPD exacerbations—episodes in which their
symptoms suddenly worsen, requiring hospitalization and a
potential decision about whether to accept intubation. Patients
in this situation who do not have advance directives often
receive default invasive treatments, such as mechanical
ventilation, which may not align with their goals of care [3].
Advance care planning (ACP) includes establishing advance
directives and often involves discussions between the patient,
family members, and outpatient clinicians [4]. Although most
patients are open to discussing end-of-life issues, few have had
such conversations with a doctor [5,6].

One strategy that has been advocated for improving
patient-clinician communication is shared decision making [7].
Shared decision making is a process during which the clinician
and patient work together to arrive at a decision that takes into
consideration the patient’s preferences. Decision aids are tools
that can encourage informed, shared decision making by
providing information to patients regarding their condition,
available treatment options, and potential outcomes, and can
also help them identify and communicate their preferences [8].

Decision aid experts have developed standards for the creation
of high-quality decision aids [9], including following a
systematic development process and performing iterative
usability testing with patients and clinicians [10]. Usability
testing is conducted with intended end users completing specific
tasks using the decision aid prototype, while performance data
are electronically captured and/or an observer records notes on
what they do or say [11]. The purpose of usability testing is to
identify specific problems that prevent users from reaching the
goals of the decision aid—in this case, to be able to participate
in shared decision making about advance directives on whether
to receive invasive mechanical ventilation. Recommended
solutions to usability problems are then incorporated into the
decision aid during the iterative design process.

We have developed a Web-based decision aid called
InformedTogether, which is designed to support shared advance
care planning between severe COPD patients and their doctors.
In this manuscript, we outline the results of usability testing of
InformedTogether. Other decision aids about advance directives

have been developed for COPD patients [12,13].
InformedTogether differs from these decision aids because it
is intended to be used by the doctor and patient together during
the clinic visit (ie, shared decision making) and then be made
available to either party to access individually online.
InformedTogether also includes personalized prognostic
estimates using a published decision model based on the best
available evidence of COPD outcomes [14,15]. Providing
doctors with prognostic estimates may facilitate advance care
planning [16] because uncertainty around a patient’s illness
trajectory has been identified as one reason doctors are reluctant
to discuss end-of-life care planning [17,18]. The objective of
this paper is to describe the usability of InformedTogether in
terms of whether patients and doctors could use it to engage in
tasks required for shared decision making about advance
directives, whether they thought it was acceptable, and how the
decision aid could be improved.

Methods

Development of the Decision Aid Prototype
The development and initial testing of InformedTogether was
guided by the International Patient Decision Aid Standards
(IPDAS) Collaboration criteria for quality decision aids [19].
The decision aid was designed to incorporate principles of
shared decision making, including presenting patients with
information about their treatment options and likely outcomes,
presenting the risks and benefits of each option, and engaging
the patient and physician in a conversation about the patient’s
preferences [7]. The decision presented is which advance
directive to choose in the event of acute respiratory failure: (1)
Full Code, which allows intubation for mechanical ventilation,
or (2) Do Not Resuscitate (DNR), which does not allow invasive
mechanical ventilation, but permits noninvasive ventilation with
bilevel positive airway pressure (BiPAP) or continuous positive
airway pressure (CPAP). InformedTogether was designed to be
used on a Web-based platform, either on a tablet computer or
on a desktop. Our previous research indicated that patients and
doctors would be comfortable using the computer together
during the clinic visit, and that patients would be open to their
doctor using a decision aid [20].

Content of the Decision Aid Prototype
The decision aid allows clinicians to enter patient information
including name, gender, and age. It then displays projected
survival outcomes based on patient age and disease severity.
The version used for this study calculated estimated outcomes
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for a hypothetical patient aged 65 with severe COPD. Pages
include a description of the goals of the decision aid,
personalized survival estimates for Full Code versus DNR
advance directives based on patients’age and severity of COPD,
and suggested scripts for discussing the topics of prognosis and
planning in case of a COPD exacerbation (see Multimedia
Appendix 1 for decision aid screenshots).

Expert Consultation
Once the prototype was developed, we solicited feedback from
experts not involved in the development and usability testing
of the decision aid. We consulted experts in human factors
engineering, health risk communication, and health care decision
making to get feedback on interface design, and consulted
palliative care experts on content and wording. We also
consulted a patient advocate to provide feedback on content.

Usability Testing

Overview
Usability testing was conducted in two phases. The first phase
focused on the icon array risk communication page, and the
second phase tested interactions with the entire decision aid.
An icon array—sometimes called a pictograph—is a graphical
display of a number (usually 100 or 1000) of stick figures,
circles, or other icons which represent individuals at risk of an
event. The icons are shaded in one color to depict that they were
affected by the event and unshaded to depict that they were not
affected (see Figure 1). The icon array was created by a program
developed at the Risk Science Center and Center for Bioethics
and Social Sciences in Medicine, University of Michigan [21].
Usability testing focused on communication and understanding
of treatment options, risks and benefits, and likely outcomes.
Communication and understanding of patients’ values and
preferences, an important component of shared decision making,
was not assessed as this feature was not included in the decision
aid at the time of the studies. We also explored whether the
decision aid would be feasible to implement in a real-world
clinic setting by asking questions about acceptability.

Phase 1: Patient Usability Testing of Icon Arrays in the
Decision Aid
Phase 1 of usability testing was conducted over 1 week at the
outpatient pulmonary clinic at Bellevue Hospital Center, a public
hospital in New York City. The study protocol was approved
by the NYU School of Medicine Institutional Review Board
and by Bellevue Hospital Research Administration. Adult (18
years of age or older) English- or Spanish-speaking patients
were approached in the waiting room and invited to participate.
Interviews had two parts. The first part was designed to assess
patients’ and doctors’ attitudes, knowledge, and preferences
toward both shared decision making in general and shared

end-of-life decision making. Those results are presented
elsewhere [22]. The second part of the interview asked patient
participants to view printed versions of the icon arrays (see
Figure 1), and to explain what the pictures were showing and
the meaning of Full Code and DNR in their own words.
Participants were then asked about acceptability in terms of
whether they would want their doctor to show them the icon
arrays and whether they thought the icon array would help them
make end-of-life plans or decisions. They were also asked about
suggestions for improving the decision aid [23]. Interviews were
audiotaped and transcribed.

Phase 2: Patient and Doctor Usability Testing of the
Entire Decision Aid
Phase 2 of testing was conducted at a different center, with
pulmonary rehabilitation patients and pulmonary doctors at
Long Island Jewish Medical Center in New Hyde Park, NY.
The protocol was approved by the NYU School of Medicine
and the North Shore-Long Island Jewish Health System
Institutional Review Boards. Adult (18 years of age or older)
English-speaking patients with advanced-stage COPD who were
receiving pulmonary rehabilitation were eligible for the study.
All pulmonary doctors present during the day of the study were
eligible. Each participant was shown the decision aid while
being observed by a researcher. With patient participants, the
researcher acted as the “doctor” and went through the decision
aid on a tablet computer. Doctor participants used the decision
aid on a laptop computer running Hypercam screen capture
software (Hyperionics Technology LLC) and were asked to use
the decision aid as if they were with a patient. Tasks analyzed
included the following: (1) a click-through task, where users
clicked through the decision aid, looking at the decision support
materials while thinking aloud (ie, verbalizing their thoughts),
(2) a graph interpretation task, where they were asked to respond
to, and interpret, a graph, and (3) an icon array interpretation
task, where they were asked to respond to, and interpret, an icon
array. We then administered a brief, semistructured interview
to all participants to assess their knowledge and understanding
of the treatment choices presented in the decision aid, the
acceptability of the decision aid with regard to the length, clarity,
and amount of information, whether the participant would
recommend use of the decision aid, and whether they had
suggestions for improvements. Examples of questions to assess
knowledge and understanding included “What did you think
the overall message of the decision aid was?” and “In your own
words, what is meant by ‘Full Code’?” Questions to assess
acceptability followed guidelines established by the Patient
Decision Aids Research Group, [23] and included “How would
you rate the amount of information in the decision aid?” and
“Did the decision aid make you feel nervous or fearful?”
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Figure 1. Icon arrays presented in phase 1 of usability testing. Likely outcomes 12 months after hospitalization for acute COPD exacerbation are shown
for 100 hypothetical patients choosing either a Full Code or DNR advance directive.
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Data Analysis Methods

Phase 1: Patient Usability Testing of Icon Arrays in the
Decision Aid
We performed a thematic analysis of the transcribed audio
recordings as recommended by Boyatzis [24]. The analytical
process involved the following: (1) generating codes to be
attached to similar quotes or topics across transcripts, (2)
comparing and contrasting ideas related to the codes to create
themes that fit the nature of the data, and (3) assessing the
reliability of codes and themes. Data were analyzed keeping in
mind key usability measures, such as understanding of the
treatment choices (Full Code and DNR) and acceptability of
the icon arrays. Qualitative data were coded and analyzed using
NVivo qualitative data analysis software, version 10 (QSR
International Pty Ltd).

Phase 2: Patient and Doctor Usability Testing of the
Entire Decision Aid
For analysis of the click-through and think-aloud tasks,
transcribed audio recordings of participant interactions with the
decision aid were time-stamped (ie, video time codes were added
into the file) and annotated for interesting user interactions and
comments and to identify usability problems. The codes from
the analysis were then summarized in terms of type and potential
impact. For analysis of the interviews, closed-ended questions
were summarized with descriptive statistics, and answers to
open-ended questions were analyzed thematically as described
above.

Results

Phase 1: Patient Usability Testing of Icon Arrays in
the Decision Aid

Sample
Out of 52 eligible patients, 11 consented to participate in the
study. The most common reason given for declining to
participate was lack of time. Patient participants were mostly
male (6/11, 55%), Hispanic or Black (10/11, 91%), and had a
median age of 60 years, ranging from 23 to 73 (see Table 1).
Most participants (7/11, 64%) had a high school education or
less.

Understanding of Treatment Choices and Likely
Outcomes
Participants understood that the chance of survival at 1 year
was better with Full Code, and that survival was low regardless
of advance directive. One participant said the following:

There’s a better chance with the Full Code than the
no resuscitation. The Full Code is with the tube right?

It shows them that they could be longer, you know,
you could help them out more with the Full Code.
With the DNR you ain’t got no chance. They ain’t got
no chance out of 100. (With Full Code) they got little
chance out of 100. [Male, 49, black/African
American]

Some patients identified Full Code as better in terms of survival
but had difficulty understanding the potential trade-off that more
survivors of Full Code would be institutionalized within a
nursing home. For instance, one participant started out saying
“I would choose this one (Full Code) because then there would
be a chance for longer life.” After the interviewer pointed out
that almost half of those who survive would be living in a
nursing home, the participant said the following:

In that case, I wouldn’t like that because I had to
make a decision like that with my father and I decided
to keep my father at my house and treat him at home.
I would choose to live at home because I don’t agree
and have never agreed with being in a nursing home
because the people who are in a nursing home die
faster. [Male, 60, Hispanic]

There was variable understanding of the meaning of the two
advance directives. Although many participants responded in
terms of whether the patient would get “the tube”, many
responded by describing survival outcomes for that advance
directive. These answers did not describe what the advance
directive meant in terms of treatments allowed. For example,
one patient participant (male, 51, Hispanic) responded that DNR
meant “...that they don’t have life, that they die.” Another
participant (female, 35, Asian/Asian American) responded that
Full Code meant “...you live longer...this is group of people,
you’re more statistically will prolong your life.” Furthermore,
several patient participants did not understand that choosing
DNR could still mean patients could be treated with a breathing
mask noninvasively.

Several participants misinterpreted the icon array in various
ways. For instance, one participant thought that the numbers
on the vertical axis represented age. Another considered code
as referring to cardiac arrest and DNR to pertain only to the
heart. When asked if patients who are DNR could get the
breathing mask, the participant said the following:

They can get intubated as well because my concept
of it is your heart has to stop or brain damage, things
like that, but if your brain’s dead, your brain’s dead.
If your heart stops that’s when a resuscitation, but if
you just coming in because you can’t breathe I don’t
think that falls under the...As long as the heart is
pumping, treatment can be given, but if that heart
stops treatment cannot be given. [Male, 34,
black/African American]
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Table 1. Participant characteristics.

DoctorsPatientsCharacteristics

Phase 2 (n=8)Phase 2 (n=4)Phase 1 (n=11)

Demographics

Gender a, n (%)

N/A1 (25)5 (45)Female

N/A3 (75)6 (55)Male

Race/ethnicity, n (%)

0 (0)0 (0)7 (64)Hispanic/Latino

0 (0)2 (50)3 (27)Black/African American

3 (38)2 (50)0 (0)White

4 (50)0 (0)1 (9)Asian/Asian American

33 (28-43)72 (57-76)60 (23-73)Age in years, median (range)

Highest education level completed, n (%)

N/A0 (0)2 (18)8th grade or less

N/A0 (0)5 (45)9th to 12th grade

N/A0 (0)2 (18)Some college

N/A4 (100)2 (18)College degree

2.5 (1-5)N/AN/AYears of training after residency, median (range)

Clinical characteristics

Self-rated general health, n (%)

N/A0 (0)1 (9)Excellent

N/A0 (0)2 (18)Very good

N/A2 (50)2 (18)Good

N/A1 (25)4 (36)Fair

N/A1 (25)1 (9)Poor

aData on gender were not collected for doctors.

Acceptability
Overall, patient participants endorsed the use of the decision
aid between patients and doctors. Participants articulated that
death is “reality” and that patients need to know their options.
Some patients said the decision aid should be used with family

members present, and a few raised the concern that seeing the
figures either caused them to be fearful or may cause fear in
other patients. About one-third of patient participants said that
the icon array would be helpful for patients in planning for
end-of-life and about half said that they would like their doctors
to show them a picture like the icon array (see Table 2).
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Table 2. Results of patient interviews from phase 1 of usability testing.

Responses

(n=11), n (%)

Questions

“Would these pictures be helpful for patients to see?”, n (%)

4 (36)Yes

1 (9)No

6 (55)Missing

“Would you like your doctor to show you something like this?”, n (%)

5 (45)Yes

1 (9)No

5 (45)Missing

“Do you think this would help you make plans or decisions about what you would want to happen at the end of your
life?”, n (%)

4 (36)Yes

1 (9)No

6 (55)Missing

Suggestions for Improvements
When asked for suggestions for improving the decision aid,
patient participants suggested increasing the size of the images
and font to enable people to see them more clearly. Participants
also wanted more information about outcomes such as the
chance of successfully weaning from the ventilator. As one
patient (male, 34, black/African American) stated, “It (the
decision aid) should be something that forewarns you as far as
what happens if you get intubated, as far as, like, there’s a
twenty percent chance it might never come out.” A few
participants who couldn’t define DNR or Full Code requested
the definitions to be included right next to the icon array images.
For example, one participant stated the following:

I don’t understand, like, what’s really going on in the
pictures and where the numbers come in, but yeah, I
need some more information. This sheet, it’s just
saying Full Code and DNR, and also explain what
Full Code means because...I think you know anyone
that’s not knowledgeable about these terminologies,
it’d be good to break it down in simpler terms and
explain exactly what these images are representing
here. [Male, 23, black/African American]

Phase 2: Patient and Doctor Usability Testing of the
Entire Decision Aid

Sample
Four out of 5 (80%) patients and 8 out of 8 (100%) doctors that
were approached consented to participate in the study. Table 1
provides demographic and clinical characteristics of the
participants. Patient participants had a median age of 72 years
(range 57 to 76), and rated their COPD as severe or very severe.

All participants except for 1 (3/4, 75%) reported having an
advance directive, but only 1 (1/4, 25%) participant reported
having had an end-of-life discussion with their doctor. Doctor
participants had a median age of 33 years (range 28 to 43), and
all (8/8, 100%) reported having end-of-life discussions with
their patients.

Understanding of Treatment Choices and Likely
Outcomes

Patient Participants

Several patients responded to questions about what was meant
by the terms Full Code and DNR by expressing their values and
thoughts about that directive instead of by giving an objective
definition or description of the term (see Table 3). For instance,
one participant (male, 76, white) described DNR as the
following: “If you have no chance of recovering, don’t do all
these things and you die soon anyway.” Often, the patients did
not express the level of understanding that was expected after
using the decision aid. For example, one patient (male, 68,
black/African American) defined Full Code as meaning “Let
your wishes be known ahead of time.” Change in knowledge
could not be determined because there was no baseline
assessment before viewing the decision aid.

When asked to interpret the survival curve and icon array, 2 out
of 4 (50%) patients either interpreted some aspect of the icon
arrays incorrectly or stated that they thought the icon arrays
needed more clarity. Of note, 1 (1/2, 50%) of the patients (male,
57, black/African American), who later interpreted aspects of
the icon array incorrectly, stated that he thought the decision
aid was “...easy to see and understand,” highlighting the
necessity of using specific measures to assess understanding.
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Table 3. Responses to questions assessing understanding of treatment options from phase 2 of usability testing.

Expresses understand-
ing?,

Yes/No

Patient gender,
age in years

ResponsesQuestions

In your own words, what is meant by Full Code ?

NoMale, 57When you are using oxygen or CPAP or the hose. Make the best of the situation and
live.

NoMale, 76Code is when you’re dying.

NoMale, 68Let your wishes be known ahead of time.

YesFemale, 75CPR, meds, cardiac life support, intubate.

What is meant by DNR ?

NoMale, 76If you have no chance of recovering, don’t do all these things and you die soon anyway.

NoMale, 68Do not resuscitate.

YesFemale, 75Do not resuscitate. Means don’t do this, just do palliative care, leave me alone, make
me comfortable even if it means drugs that may hasten my death.

YesMale, 57Gamble that you will pull through. Do not revive me. I’m giving up.

Doctor Participants

When asked to describe the survival curve and icon array as if
they were with a patient, 3 doctors out of 8 (38%) stumbled
over some aspect of describing the icon array, including one
who described the shaded icons as representing people who did
not survive the initial hospitalization. However, the icon array
depicted outcomes in the 12 months after hospitalization.
Another doctor described the icon arrays as showing 100 people
with severe COPD who were “...divided into two groups,”
instead of as alternative treatment scenarios for the same people.
Doctors’ thoughts on the comprehensibility of the survival curve
and icon array for their patients were mixed. Two doctors liked
the survival curve better but thought the icon array may be more
understandable to patients. Two doctors cautioned that the
survival curve may not give patients all the information they
need to make a decision, since it only provided information on
survival, and not quality of life. One (1/8, 13%) doctor suggested
that both figures be removed from the decision aid. One doctor
stated that regardless of the graph, the physician should guide
the patient in reviewing and interpreting it, saying, “A lot of
people use numbers to guide their decision process. But
(numbers) should be interpreted with caution. It’s important to
guide the patient in reviewing the graphs.” Yet another doctor
suggested including scripts to aid the doctor in describing the
figures to patients.

Acceptability

Patient Participants

All patient participants (4/4, 100%) expressed interest in having
their doctor use InformedTogether with them and stated that
they would recommend their doctor use the decision aid with
other COPD patients, suggesting demand for use of the decision
aid. Patients recommended use of the decision aid in order to
help provide information and options, and to achieve better
decisions. For example, one patient (male, 76, white) said he
would recommend that his doctor use the decision aid “...with
all patients. Doctors should give patients the truth. The more

information patients have, the better decision they can make.”
Most (3/4, 75%) patients reported not feeling nervous or fearful
after using the decision aid. One patient (male, 57, black/African
American) acknowledged that talking about death caused him
“a little” nervousness or fearfulness, but still concluded that
“...you’ve got to (have such discussions). The sooner the better.
Don’t beat around the bush.”

Doctor Participants

All doctors (8/8, 100%) responded that they would recommend
doctors use the decision aid with their patients. The most
commonly cited reason was that it would help facilitate
important discussions around end-of-life treatment options (4/8).
One doctor (30, white) pointed out it would also facilitate earlier
discussions, saying, “(We) need to have this conversation, but
doctors are short on time. These conversations happen in the
hospital, which is the wrong time.” Out of 8 doctors, 3 (38%)
mentioned concerns about time constraints during the clinic
visit with regard to whether they would suggest use of the
decision aid and its practicality for use within a regular clinic
visit. For instance, one doctor (30, white) said the decision aid
was “...probably too long for a regular clinic visit but the length
is appropriate for this type of discussion.” The time needed to
use the decision aid ranged from approximately 15 to 20 minutes
(10 to 15 minutes for the pages to be shared with the patient).

Suggestions for Improvement

Patient Participants

Patient participants expressed their desire for more information
about treatment options such as lung transplant and
BiPAP/CPAP, and for information about the quality-of-life
implications of the different treatment options. For instance,
patients wanted to know whether mechanical ventilation would
be permanent and what would happen in the future with the
choices presented.

Doctor Participants

Doctors also agreed with patient participants that the decision
aid should provide more information about the implications of
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the choices, including quality of life and functional status. Some
doctors (3/8, 38%) mentioned the topic area as a reason for
potential nervousness among their patients and several (4/8,
50%) said that the decision aid may make patients feel nervous
or fearful, depending on the patient. One doctor (28, Asian/Asian
American) said, “Some (patients) don’t like to discuss advance
directives. It causes anxiety, but it depends on the patient.”

Analysis of the think-aloud and screen capture data collected
yielded a number of other potential usability issues, which can
be subsumed into content, consistency, layout, orientation, links,

and feedback issues. For example, a layout problem experienced
by several doctors was that they did not readily recognize that
there was more information, such as the next and back buttons,
below the visible screen and that they had to scroll to see all
the information on the page. Usability issues and corresponding
recommended changes to the decision aid are described in Table
4. Results are organized into short-term changes, which may
be implemented easily without further research, and long-term
changes, which require further research to understand how best
to implement.
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Table 4. Usability issues arising during phase 2 of usability testing and recommended decision aid changes.

Recommended changesParticipants, age in
years

Usability issuesAreas

Short-term changes

Content

Add axes to figure labels.Doctor, 43Lack of axes labels for figures.

Add a note to doctors on the page before the start of
screens meant to be shared with patients alerting them
to share upcoming screens. Provide proper training/ori-
entation prior to use.

Doctors, no age given,
28, 33

Unclear which screens are meant to be shared with the pa-
tient.

Change the pictures used to show intubation.Patient, 75Pictures of patients depicting intubation do not show the
tube clearly.

Remove page with redundant definitions.Doctors, no age given,
31

A page with definitions of advance directives was redun-
dant.

Consistency

Change axis to match wording.The figure for patients was described as “people out of one
hundred“, but the axis scale was written as proportions of
1.

Make location of buttons consistent across each page.Doctor, 33Back and next buttons are not located consistently but move
depending on how much information is on the page.

Layout

Make graphic smaller to eliminate need for scrolling,
reducing burden on working memory.

Doctors, 28, 33, 33, 33Had to scroll to see all information—some users had diffi-
cultly realizing more information was below visible screen,
such as the back and next buttons.

Orientation

Add a suggested script for doctors to use when describ-
ing curve to patients. Provide proper training prior to
use

Doctors, no age given,
31

Some confusion, and took some time for doctors to get
oriented to survival curve.

Make the name more descriptive.Doctor, 33Unsure about what Resources link would lead to.

Links

Update links.Doctor, 33Broken links on Patient Resources page led to webpage
without information on advance directives.

Reprogram so that links open in a new tab or window.Doctor, 33Links should open in a new tab/window instead of replacing
the decision aid in the window.

Feedback/ links

Change link color once it has been clicked on/visited.Doctor, 33Links on Resources page should change color once visited.

Feedback

Change I’m done button to say Exit—put it in a more
visible area.

Doctor, 33Users unsure of how to finish using the decision aid and
how to close it.

Add text box that appears after clicking to exit, making
it clear the user has reached the end of the decision
aid.

Doctors, 33, 43Unclear that last page is last page of decision aid.

Long-term changes

Content

Scripts. Further usability testing and refinement.Patient, 75Icon arrays need more clarity.

Add more information about quality of life with vari-
ous treatments and places of care.

Doctors, 33, 30, 31, 43Lack of information regarding quality of life/functional
status for patients in nursing homes, with intubation, and
with BiPAP.

Find potential areas to cut. Discussions with doctors
about implementation.

Doctor, 30Probably too long for a regular clinic visit but the length
is appropriate for this type of discussion.
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Discussion

Principal Findings
Some patient and most doctor participants were able to use the
decision aid to complete tasks required for shared decision
making, although many patients had difficulty articulating the
treatment options and understanding the icon arrays used to
communicate estimated prognoses for each option. Many patient
and doctor participants rated InformedTogether highly on
measures of acceptability, including endorsing the use of the
decision aid between doctors and their patients with severe
COPD.

Usability testing provided insights into modifications that could
improve usability of the decision aid, including minor issues
related to content, layout, links, and feedback to the user. Several
problems with comprehension were uncovered, especially with
regard to understanding the icon array and the meanings of the
two advance directives. Patient and doctor participants also
suggested content to add, including quality-of-life implications
of the advance directives. These content suggestions reflect
important information needs to enable patients to engage in
informed decision making using the decision aid.

Implications for Decision Aid Redesign
Next steps to continue development of InformedTogether will
include adding information on quality of life and functional
status when patients are intubated and when they are discharged
to a nursing home. In addition, further testing of the revised
icon array is needed to ensure the decision aid will be
understandable to the majority of patients. Although participants
in these phases of usability testing struggled to interpret the
icon array correctly, other research has found that icon arrays
are readily understandable to patients. In studies of alternative
ways of presenting risk estimates in decision aids, icon arrays
have been shown to be understandable to a majority of users
and result in higher comprehension levels compared to other
methods of displaying information [25-27]. Potential
explanations for our results include poor labeling of the icon
arrays, or differences in the demographic characteristics of the
patient population. Another explanation could be low graphical
literacy among our sample, which was not formally measured.
Visual aids such as icon arrays have been shown to be especially
helpful for communicating probabilities for people with low
numeracy but with relatively high graphical literacy [28,29]. It
may be that our population had low numeracy and low graphical
literacy and, thus, icon arrays were not helpful in aiding
comprehension of the statistical data. Other studies of icon
arrays have found that up to 70% of individuals with low
numeracy still answered risk understanding questions
incorrectly, depending on their graphical literacy [29,30]. One
study found that individuals with low graphical literacy had
better comprehension when shown numbers instead of graphs
[28]. Subsequent usability testing of InformedTogether will
involve formal measures of participants’numeracy and graphical
literacy [31]. We will also explore the possibility of having
alternative presentations of risk data available, which can be
tailored to participants’ numerical or graphical literacy, or can
be chosen by patient users themselves. IPDAS standards

recommend allowing the patient to choose how they view
probabilities—either in numbers, words, or figures [19]. To
optimize patient understanding and usefulness of the decision
aid to patients with low numeracy and graphical literacy, it may
be important to train health care providers on how to best
communicate the risk information in the decision aid to ensure
that it is understood by patients with different literacy levels
[32]. Once revisions have been made to the icon array content
based on the results of these phases of testing, we will again
evaluate understanding and compare comprehension of the icon
array with that of alternative forms of risk data presentation.

We will also need to improve the communication of information
about the different advance directives and the questions used
to test comprehension. Several patients offered their opinion or
feelings about each directive rather than giving a definition in
terms of allowable treatments. Less equivocal results on patients’
understanding of advance directives may have been achieved
by using closed-ended questions instead of, or in addition to,
open-ended questions. For example, participants could be asked
“Does a patient choosing a Full Code directive wish to allow
intubation?” Future testing will include closed-ended questions
as well as a baseline assessment of knowledge.

Revisions must also focus on allowing the decision aid to fit
within the workflow in terms of time constraints. In addition,
the decision aid must also support doctors’attempts to establish
rapport with their patients. In future testing, we will specifically
elicit users’ attitudes about the effect of the decision aid on
doctor-patient rapport. Finally, one component of shared
decision making that had not yet been developed in this version
of InformedTogether was patient preference elicitation and the
communication and comprehension of these preferences. We
recognize that including methods for values clarification and
communication is an IPDAS criterion and an essential
component of patient decision aids [19]. However, we intended
to first test whether patients understood the information in this
prototype before adding values clarification. Future versions
will incorporate this central feature of shared decision making
and test this feature for usability. Other relevant IPDAS criteria
that were not met due to the early stage of the prototype include
providing structured guidance for deliberation and discussion
of the decision with others, complete information on the
evidence used in the decision aid, including references and the
quality of scientific evidence, and information about the
developers and their conflicts of interest.

Results in the Context of Other Studies of COPD
Decision Aids
Other investigators have tested the communication of statistical
information to COPD patients in usability testing of decision
aids related to mechanical ventilation and other aspects of COPD
treatment. In the evaluation of their decision aid for COPD,
Wilson et al reported that prior to the evaluation study, their
decision aid had undergone several revisions, although they did
not describe iterative usability testing in detail [33]. Their audio
booklet decision aid for mechanical ventilation was tested by
severe COPD patients, about half of whom had a high school
education or higher. Similar to the present findings, the majority
of users (88%) reported that the decision aid was “not at all”
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difficult to understand, however, in analysis of open-ended
questions to ascertain understanding, almost one-quarter of
participants showed an inadequate comprehension of the options
presented in the decision aid [33]. These results highlight the
usefulness of a mixed-methods approach for a deeper
understanding of results. In our studies, only 3 patients out of
15 (20%) reported that the decision aid made him or her feel
nervous or fearful, but in Wilson et al’s study, almost half the
participants (15/33, 45%) found the decision aid to be at least
a little upsetting. These results underline that it is important for
doctors to assess their patients’ readiness for using the decision
aid in order to address any nervousness or discomfort.

For their computer-based decision aid regarding inhaled steroid
therapy for COPD, Akl et al described usability testing
consisting of interviews with 7 COPD patients followed by
pilot-testing with 8 COPD patients [34]. Similar to the findings
from our studies, the main modifications based on usability
testing included changing the presentation of statistical
information and the amount of information. Results from their
pilot test showed improvement in knowledge from baseline, but
users did not rate the clarity of statistical information highly
[34]. The best ways of presenting statistical information to
patients, including risk information, is an ongoing challenge
that deserves further study.

Limitations and Strengths
As described above, one limitation of our study was the way
comprehension of treatment options was measured. Inclusion
of closed-ended knowledge questions, as well as a baseline
measure of knowledge, would have helped clarify what effect,
if any, the decision aid had on understanding of treatment
options. A further potential limitation was that doctor
participants may not have been given adequate time to orient
themselves to the decision aid before testing. Although they
were provided with 5 minutes to look through the pages before
recording began, the decision aid is meant to be used by doctors
who have had formal training with the tool and the results of
our testing may, therefore, not fully reflect the intended use.
For example, doctors’ errors in interpretation of the icon arrays
may have been avoided if they had been given the orientation
and training in use of the decision aid that is planned for when
the tool is disseminated.

We did not include testing of the decision aid during a clinic
consultation for these early rounds of usability testing. This
paper reports initial usability testing of a decision aid prototype
which is being developed further before conducting feasibility
testing in the clinical setting. Feasibility testing is planned to
measure whether the decision aid promotes shared decision
making and informs patients, and will measure outcomes such
as demand and implementation, as well as patients’ preparation
for decision making, motivation to make advance care plans,

confidence in decisions, and patient-doctor communication.
Feasibility testing will also measure knowledge, comprehension,
and acceptability. It is unknown whether testing within the clinic
would show similar levels of comprehension or acceptability,
however, our study was designed to enable critical revisions to
the prototype before testing in the clinical setting.

Patient participants in phase 2 of usability testing were well
educated (ie, all had college degrees) and their responses may
not represent those of patients with broad educational
backgrounds. However, patient participants in phase 1 had a
larger range of education attainment, with most having

completed 12th grade or less. Another limitation related to our
sample was the small sample size, however, experts recommend
6 to 12 participants to detect the majority of usability problems
[35]. While small sample sizes are adequate to uncover most
usability problems, the small sample size may have affected the
results regarding acceptability. For example, patients who agreed
to participate in the study may have been more open to
discussing end-of-life issues, and thus more likely to recommend
use of a decision aid about end-of-life decisions. In phase 1,
most eligible patients declined to participate. Although we did
not systematically gather data about decliners, the reason most
often given for declining was lack of time. We recruited patients
from the waiting room of a clinic where it is common for
patients to experience wait times of 2 hours or more, and asked
them to stay for approximately 30 minutes after their
appointment to participate. Those who participated may have
been less likely to have commitments, such as full-time jobs or
child or eldercare responsibilities, that would have prevented
them from being able to stay longer at the clinic. The younger
average age of the sample of doctor participants may have
influenced the results if, for example, younger doctors tend to
be more comfortable using computers or less worried about the
impact of a computer-based tool on the patient-doctor
relationship. We did not, however, measure doctors’ comfort
with, or preferences for, using computer-based tools with their
patients. Subsequent usability testing, which is ongoing, involves
doctors with varying levels of seniority. We also did not test
the effectiveness of the decision aid in terms of constructs
related to the decision-making process and decision quality,
such as preparation for decision making [36].

Our study has several strengths, including the formal evaluation
of screen capture recordings to identify usability problems. In
addition, our sample included intended end users—doctors who
treat COPD patients and COPD patients from two different
clinic locations. Furthermore, we included patients from racially
and socioeconomically diverse backgrounds. Our results provide
directions for further refinement and development of the
decision aid to ensure that it is usable and useful to both patients
and doctors.
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Abstract

Background: Incorporation of information communication technology in health care has gained wide acceptance in the last
two decades. Developing countries are also incorporating information communication technology into the health system including
the implementation of electronic medical records in major hospitals and the use of mobile health in rural community-based health
interventions. However, the literature on the level of knowledge and utilization of information communication technology by
health professionals in those settings is scarce for proper implementation planning.

Objective: The objective of this study is to assess knowledge, computer utilization, and associated factors among health
professionals in hospitals and health institutions in Ethiopia.

Methods: A quantitative cross-sectional study was conducted on 554 health professionals working in 7 hospitals, 19 primary
health centers, and 10 private clinics in the Harari region of Ethiopia. Data were collected using a semi-structured, self-administered,
and pre-tested questionnaire. Descriptive and logistic regression techniques using SPSS version 16.0 (IBM Corporation) were
applied to determine the level of knowledge and identify determinants of utilization of information communication technology.

Results: Out of 554 participants, 482 (87.0%) of them responded to the questionnaire. Among them, 90 (18.7%) demonstrated
good knowledge of computers while 142 (29.5%) demonstrated good utilization habits. Health professionals who work in the
primary health centers were found to have lower knowledge (3.4%) and utilization (18.4%). Age (adjusted odds ratio [AOR]=3.06,
95% CI 0.57-5.37), field of study (AOR=3.08, 95% CI 1.65-5.73), level of education (AOR=2.78, 95% CI 1.43-5.40), and previous
computer training participation (AOR=3.65, 95% CI 1.62-8.21) were found to be significantly associated with computer utilization
habits of health professionals.

Conclusions: Computer knowledge and utilization habits of health professionals, especially those who work in primary health
centers, were found to be low. Providing trainings and continuous follow-up are necessary measures to increase the likelihood
of the success of implemented eHealth systems in those settings.

(JMIR Human Factors 2015;2(1):e4)   doi:10.2196/humanfactors.4184
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Introduction

Background
The use of information communication technology in health
care is not merely about technology but a means to solve the
critical data management and clinical communication challenges
in health care organizations, especially in developing countries
[1]. Given the high burden of disease and the low number of
skilled personnel, eHealth is believed to improve health care
by strengthening the health system, supporting delivery of care,
and improving communication among different health care
organizations and professionals [2,3]. Incorporation of
information communication technology in developing countries
has gained wide acceptance in the last several decades with
different success stories in different sectors, especially in the
business sector [4]. However, when compared with other sectors,
only a limited application of information technology
advancements is seen in health care organizations [5,6].

Recently there has been an increase in the implementation of
eHealth applications in developing countries that includes
telehealth, mobile health applications, electronic medical
records, and health information management systems [7].
However, most implementations remain in the pilot phase
because of different technical and personnel issues [8]. Most
evaluations and case studies from previous implementations in
those settings report that infrastructural challenges and the
existing skill levels of health professionals are the most common
obstacles to the success of implemented eHealth systems
[8,9,10]. However, the literature on the level of knowledge and
utilization of health professionals and their current exposure in
information communication technology use is scarce.

For Ethiopia, with its population of approximately 80 million
people, poor health system, and severe shortage of health
professionals, incorporation of eHealth to the different sectors
of the system is regarded as the only way to achieve the
country’s goal of universal health coverage by 2020. For that,
the government is currently implementing different eHealth
initiatives, and the Health Sector Development Plan IV [11]
strategy is in progress to transform health services into a cost
effective and efficient system. The Ministry of Health of
Ethiopia is also drafting a new national eHealth strategy [12]
following the recently published World Health Organization
guideline [13] on eHealth strategy development. To ensure
sustainability, the country is also teaching health informatics
professionals [14] who support different eHealth implementation
initiatives in the country.

Statement of the Problem
With the new initiatives in Ethiopia, expanded implementation
of eHealth is expected in the coming years, but these systems
must be used effectively to meet objectives; this is entirely
dependent on health professionals’ use of eHealth in their daily
tasks. Studies in similar settings show that that lack of basic
knowledge of computers and software on the part of health
professionals is a main factor in failure of eHealth systems
[5,15-18]. Therefore, before costly implementation, it is
necessary to know the current knowledge and utilization habits
of health professionals so that effective prior planning can take

place. To our knowledge, there is little existing evidence in
primary care and hospital contexts in developing countries. This
study aims to fill this gap.

Objectives
The goal of this study is to assess the current levels of
knowledge and utilization of computers among health
professionals and identify factors affecting utilization. The
outcome of this research will help evidence-based planning and
implementation of eHealth in Ethiopia and generate additional
insight on the topic for further development of health systems
in other developing countries.

Methods

Overview
Institution-based quantitative cross-sectional research was
conducted in 7 hospitals, 19 primary health centers, and 10
private clinics which are on the frontline to implement different
eHealth applications in the coming year. All health professionals
working at these health institutions were included in the study.
There were 621 health professionals working at those
institutions; all except those on annual and sick leave were
included in the study.

A pre-tested, self-administered questionnaire, adapted from a
previous study [19](Multimedia Appendix 1), was used to collect
data on sociodemographic characteristics and computer
knowledge and utilization by health professionals. The
questionnaire was prepared in English. The data collection was
facilitated by eight information technology diploma holders,
and supervision was done by the principal investigator.

In this study, health professionals were defined as those
employees with at least a diploma certificate in the health
professions who are practicing clinical service in the study
settings. Computer knowledge was defined as a basic
understanding about computers and how to use them. It involves
knowing hardware and software, what a computer virus is, and
how to manage files and use basic computer applications like
a computer network and the Internet. Twenty questions were
used to assess computer knowledge. Utilization of computers
is a basic skill and involves use of the computer and Internet;
managing and storing files; and retrieving, analyzing, and
presenting the data on hand. Fifteen questions were used to
assess health worker computer utilization habits.

Both knowledge and utilization of computers among health
professionals were classified after adopting a cut of value from
the Nigerian study in 2004 on the same topic [20]. Those scoring
80% or above on the knowledge test were rated as having good
computer knowledge; those scoring below 80% were rated as
having poor computer knowledge. Those study subjects who
scored 60% or above on the utilization test were rated as having
good computer utilization, while those scoring below 60% were
rated as having poor computer utilization.

Data were entered using Epi Info then exported to SPSS package
version 16 (IBM Corporation) for analysis. Frequencies and
cross tabulations were used for the descriptive analysis of the
data. Associations between participant’s characteristics and
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knowledge and utilization of computer were analyzed using
binary logistic regression.

Ethics Statement
The ethical clearance committee of the University of Gondar
College of Medicine and Health Sciences through the School
of Public Health approved this study. Data were collected after
getting permission and clearance from the ethical clearance
committee of the Harari Regional Health Bureau. Written
consent was obtained from each respondent on a form attached
to the questionnaire.

Results

Sociodemographic Characteristics
There were 554 public health professionals who participated in
this study. Among them, 482 (87.0%) correctly filled out and
returned the questionnaire. The median age of respondents was
25 years; 52.0% (251/482) were male. The majority of
participants (311/482, 65.0%) were nurses while 20.7%
(100/482) were pharmacists and laboratory technicians. Most
respondents (364/482, 75.5%) had received at least some kind
of basic computer training in the past.

Table 1. Sociodemographic characteristics of respondents.

n (%)Predictor variables of respondents

Age, years

174 (36.1)≤25

118 (24.5)26-30

71 (14.7)31-35

119 (24.7)≥36

Sex

251 (52.1)Male

231 (47.1)Female

Profession

51 (10.6)Medical doctor, health officer

100 (20.7)Pharmacist, lab technician

311 (64.5)Nurse

20 (4.1)Othera

Education

126 (26.1)BSc or Above

356 (73.9)Diploma

Training

364 (75.5)Yes

118 (24.5)No

aEnvironmental health, dentistry, physiotherapy, and radiography

Computer Knowledge
Only 18.7% (90/482) of the respondents demonstrated good
knowledge of computers in this study. Of them, few health

professionals working at primary health centers (4/90, 4.4%)
showed good computer knowledge compared to those working
at government (21/90, 23.3%) and private (24/90, 26.7%)
hospitals. The results are displayed in Figure 1.
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Figure 1. Knowledge of computers among health professionals.

Computer Utilization
A total of 29.5% of the respondents (142/482) had good
utilization of computers. Participants working at government

hospitals showed (115/353, 32.6%) good computer utilization,
which was higher than those at private hospitals (11/42, 26.2%)
and much higher than those at primary health centers (16/87,
18.4%). The results are shown in Figure 2 with more detail.

Figure 2. Utilization of computers among health professionals.

Factors Associated With Computer Utilization
With the multivariate logistic regression analysis done on
computer utilization as dependent with other hypothesized
independent variables, age, field of study, level of education,
and computer training were found to be significantly associated
with the computer utilization habits of health professionals.

To quantify each relationship, respondents who were younger
(age 25-35) were approximately 3 times more likely to use
computers than respondents aged 36 years and older (adjusted

odds ratio [AOR]=3.06, 95% CI 0.57-5.37). Additionally,
respondents who had previous computer training were 3.65
times more likely to use computers than those who did not have
any kind of computer training (AOR=3.65, 95% CI 1.62-8.21).
In the professional category, medical laboratory technicians and
pharmacists were more likely to use computers than nurses
(AOR=3.08, 95% CI 1.65-5.73). Additionally, those with higher
levels of education were 2.78 times more likely to use computers
than those with lower levels of education (AOR=2.78, 95% CI
1.43-5.40). The results are shown in Table 2.
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Table 2. Factors associated with computer utilization among health professionals.

AOR (95% CI)CORa (95% CI)UtilizationPredictor variables

PoorGood

Age

1.16 (0.40-3.34)2.36 (1.31-4.25)12054≤25

3.06 (0.57-5.37)c5.36 (1.81-6.21)724626-35

1110019≥36

Sex

1.05 (1.01-2.69)2.28 (1.51-3.43)15794Male

1118348Female

Marital status

1.40 (0.79-2.69)1.87 (1.26-2.79)12775Never married

1121367Married

Profession

1.89 (0.77-4.61)4.51 (2.44-8.35)2328Medical doctor,

health officer

3.08 (1.65-5.73)c2.37 (1.46-3.85)6139Pharmacist,

lab technician

1124566Nurse

1.30 (0.70-7.50)3.03 (1.26-7.63)119Otherb

Education

2.78 (1.43-5.40)c4.05 (2.63-6.24)6066BSc or above

1128076Diploma

Position

1.97 (0.34-11.24)3.93 (1.08-14.20)46Institution head

1.70 (0.85-3.38)1.38 (0.83-2.30)5328Team leader

11283108Care provider

Training

3.65 (1.62-8.21)c6.97 (3.42-14.21)231133Yes

111099No

Service year

1.51 (1.92-22.02)3.02 (3.27-24.77)49326-10

1.28 (0.62-8.40)2.76 (0.86-8.76)45911-15

11695≥16

aCrude odds ratio
bEnvironmental health, dentistry, physiotherapy, and radiography
cSignificant at P<.05.

Discussion

Principal Findings
The findings of this study show that computer knowledge and
utilization was generally low and was lower for public health
professionals who work in the primary health care centers. The
results are lower compared to findings in previous studies
[2,20,21], which might be attributed to a difference in study

participants between the studies; previous studies only included
health professionals working in hospitals while this study also
includes health professionals working at the health centers,
which have less computer access and information
communication technology infrastructure.

The analysis of the determinant factors of computer utilization
shows that age, field of study, level of education, and computer
training were found to be significantly associated with computer

JMIR Human Factors 2015 | vol. 2 | iss. 1 | e4 | p.64http://humanfactors.jmir.org/2015/1/e4/
(page number not for citation purposes)

Alwan et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


utilization. Among the factors, stronger association was found
with computer training. The result is consistent with previous
studies [20-23]. This result implies that providing trainings—not
only about the specific eHealth software application which is
going to be implemented but also generally about
computers—can make a significance difference in system
adaptation in health care.

In this study, we found that younger health professionals are
more likely to use eHealth systems than older health
professionals, which is consistent with other studies [24-27].
This implies that older employees need more assistance to adapt
to and use the system.

Additionally, health professionals with advanced levels of
education showed significantly better computer utilization than
middle-level health professionals. The result is not surprising
given the increasing number of computer-based tasks associated
with further studies. Finding of this study was inconsistent with
studies in India which showed that level of education was not
significantly associated with computer utilization [21,22]. This
may be due to training differences for health professionals in
India and Ethiopia in which the basic computer courses in
Ethiopia are more theoretical with few hours of practical lessons.

As skill is a main factor in eHealth success [28], interventions
are needed to increase health professionals’ knowledge and
utilization. The Ministry of Health should provide training to
the health professionals so that their knowledge can increase
and their anxiety about technology can decrease. In addition, it

is necessary to increase accessibility to computers, especially
in primary care health centers, so health professionals can
practice using computers in different activities before the main
eHealth system is implemented.

In this study, knowledge and utilization habit measurements
were self-reported, which might have some response bias. A
further study complemented by qualitative approach is
recommended to give more insight on how actual computer
knowledge and utilization habits contribute to a better adoption
of eHealth systems.

Limitations of the Study
This study did not address the attitude of health workers towards
computers, which can influence their computer knowledge and
utilization. Additionally, the information collected was
self-perceived, which might have reporting bias. Future studies
including attitude and actual practical use assessment are
recommended. Additionally, the relationship between computer
knowledge and use on eHealth success needs further
investigation.

Conclusions
Computer knowledge and utilization habits of health
professionals, especially those who work in primary health
centers, were found to be low. Providing trainings and
continuous follow-up are necessary measures to increase the
likelihood of the success of implemented eHealth systems in
those settings.
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Abstract

Background: Eye-tracking technology has been used to measure human cognitive processes and has the potential to improve
the usability of health information technology (HIT). However, it is still unclear how the eye-tracking method can be integrated
with other traditional usability methodologies to achieve its full potential.

Objective: The objective of this study was to report on HIT evaluation studies that have used eye-tracker technology, and to
envision the potential use of eye-tracking technology in future research.

Methods: We used four reference databases to initially identify 5248 related papers, which resulted in only 9 articles that met
our inclusion criteria.

Results: Eye-tracking technology was useful in finding usability problems in many ways, but is still in its infancy for HIT
usability evaluation. Limited types of HITs have been evaluated by eye trackers, and there has been a lack of evaluation research
in natural settings.

Conclusions: More research should be done in natural settings to discover the real contextual-based usability problems of
clinical and mobile HITs using eye-tracking technology with more standardized methodologies and guidance.

(JMIR Human Factors 2015;2(1):e5)   doi:10.2196/humanfactors.4062
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Introduction

Health information technology (HIT) systems are promising
tools for improving quality, patient safety, and efficiency in
health care systems [1-4]. This technology has been widely
adopted due to governmental incentives, including funding,
over the past few years [5]. However, despite powerful external
forces driving the adoption of HIT, research has shown that
physicians are still unsatisfied with, or resistant to, the
technology [6] due to several unintended consequences from
workflow and design-/usability-related problems. For example,
one study reported that physicians felt that the standard reports

produced by HIT systems actually reduced the usability and
transparency of medical records [7]. To address usability issues
and improve the design of HIT, usability evaluation research is
necessary and becoming more prevalent [8,9]. Eye-tracking
technology is one important tool that will be essential in such
usability research.

Eye-tracking technology has been used to measure cognitive
processes since the 1970s [10]. However, it has not been widely
used for research purposes until recently, when the reduced cost
of the equipment and user-friendly analysis tools made
eye-tracking technology more readily available to researchers
[11]. Eye-tracking technology is promising in HIT usability
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research because of the close relation between visual stimuli
and attentional mechanisms. Based on human information
processing theory, people can only attend to a certain amount
of visual stimuli at a time, due to a limited amount of mental
resources [12]. Excessive information stimuli will result in
mental overload that is correlated to physiological changes,
such as pupil diameter [13]. Therefore, by tracking infrared
light that is reflected by the human eye, we can understand a
participant’s mental load and cognitive state [14]. We can also
detect the areas on a user interface that may capture users’
attention and are processed by the human brain [15].

Two important measurements of eye-tracking technology are
fixation and saccade [16]. Fixation has been operationally
defined by previous researchers as a gaze that is longer than
300 milliseconds [17]. Fixation describes the moments when a
human’s eyes are relatively stationary, indicating the moments
when the brain processes information received by the eyes [18].
Different patterns of fixation indicate different forms of human
information processing. For example, high fixation rates usually
indicate an area of great interest, which attracts the user’s
attention [19], whereas extremely long fixations indicate
uncertainty and difficulties with information processing [10].
In addition, successive fixations are indications of inefficient
visual search [20]. Saccades happen between fixations, when
rapid eye movements shift attention from one target to another
[18]. Saccade initiates when a critical cognitive event occurs
and represents an attention shift [21].

Eye-tracking data can be integrated, synthesized, and visualized
using software suites, such as commercially available analysis
tools. Different types of visualizations, such as heat maps and
gaze plots, communicate different types of information [22]. A
heat map shows the observed areas and unobserved areas on an
interface in different colors [23]. A gaze plot displays gaze
motions by representing the sequence of saccades and fixations
in the form of a scan path [24]. These visualizations are useful
for explaining the user experience and usability of user interface
design, and they help us make decisions on how to optimize the
elements on that interface [25,26]. For example, heat maps and
gaze plots have been used to determine certain areas of a
webpage that attract the attention of viewers [27]. They have
also been used to evaluate the usability of cartographic
animations on interactive maps [28,29].

Based on the International Organization for Standardization
(ISO) Standard, usability is the extent to which users can achieve
a goal effectively, efficiently, and with satisfaction [30]. Due
to the fact that eye-tracking measurement is closely related to
attentional mechanisms and is able to accurately reveal cognitive
processes, eye-tracking technology could play a more important
role in this essential procedure for evaluating HIT. Yet, thus far
it has been used minimally in usability evaluation studies. The
objective of this literature review is to report and understand
the current state of HIT usability evaluation studies that have
used eye-tracker technology, and to envision the potential use
of eye-tracking technology in future research.

Methods

Selection Strategy
We conducted a systematic online database search to identify
articles published before September 2014 that were relevant to
the aims of this study. Articles were included as indexed in four
reference databases: Medline, Web of Science, ScienceDirect,
and PsycINFO. Broad keyword searches were used to identify
relevant articles in each database. Each initial search focused
on one of three key components: (1) a word or phrase related
to usability evaluation, (2) a word or phrase related to HIT, or
(3) a word or phrase related eye-tracker technology.

Keywords related to usability evaluation included usability
testing, user experience, user test, user-centered design, system
design, interface design, and interaction design. Keywords
related to HIT included health IT, health informatics, health
technology, medical technology, eHealth, telemedicine,
communication tools, educational technology, decision support
technology, health app, and wearable technology. Keywords
related to eye-tracker technology included eye-tracking
technology, eye tracker, Tobii, Sensomotoric Instruments, eye
movements, gaze, eye fixation, and saccade. We also identified
potentially eligible articles by manual literature searches, by
examining article reference lists and by searching in Google
Scholar.

Inclusion and Exclusion Criteria
We initially defined the scope of the review by determining
inclusion and exclusion criteria. Papers were included if they
contained all of the following: (1) the research used eye-tracking
technology as a data collection tool, (2) the research evaluated
an HIT with users, and (3) the research explicitly mentioned
the improvement of HIT usability based on the eye-tracking
data. Papers were excluded if they (1) were not in English, (2)
were published 10 or more years ago (ie, prior to 2004), (3) did
not evaluate an HIT, (4) focused on technologies not related to
health care, (5) used eye-tracker technology for some purpose
other than data collection (ie, as an input device), or (6) did not
mention any indications of the system usability based on the
eye-tracker data.

Analysis
Based on the methods-description approach, we analyzed the
selected papers that met the inclusion criteria [31]. Key article
characteristics were recorded using a template with the following
sections: title, author, purpose, and key findings [31]. After the
creation of the table, we captured key data by coding as the
recurrent topics. Coding is an analytical process that allows the
articles to be categorized based on factors that are thought to
be important [32]. Through the coding process, the following
topics were explored: the research question answered by
eye-tracking data, types of health IT to be evaluated, evaluation
apparatus, eye-tracker measurement and analysis, and how
eye-tracker technology is combined with other usability
evaluation methods.
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Results

Overview
A total of 5248 papers were found by using the search terms
and databases described above. Of these, 1888 papers were
removed due to duplication. After reviewing the titles and
abstracts based on inclusion and exclusion criteria, we
eliminated another 3351 papers. This resulted in a total of 9
papers remaining for this review (see Figure 1). An overview
of the 9 papers can be found in Table 1 [33-41]. It is important
to note that 2 of the 9 papers are from the same project [35,36].
We included both because they fit the inclusion criteria. Of
these, 1 paper describes one of the earliest studies using
eye-tracking technology to evaluate the usability of a computer
application [35], and the other is a complete report of the whole
user-centered design process, which reflected more information
on the entire research context [36].

All selected papers discussed user evaluation of a type of HIT
using eye-tracking technology as a data collection tool. Of the

9 papers, 3 of them (33%) mainly discussed a usability
evaluation of an HIT using eye-tracker technology [33,35,40].
Of the 9 papers, 3 of them (33%) presented an entire
user-centered design process and discussed the usability
evaluation of an HIT using eye-tracking technology as one part
of the paper [34,36,41]. For instance, 1 study discussed how
focus groups were used as a way to develop a quality-of-life
support prototype, and then evaluated the usability of the
prototype using eye-tracker technology [41]. The main purpose
of the 3 remaining papers was not usability evaluation of the
HIT, however, the eye-tracking data derived from the user
evaluation clearly provided a basis for usability improvement
[37-39]. For instance, 1 study reported that providers did not
recognize patient-identity errors on a computerized provider
order entry (CPOE), even if the eye-tracking data indicated that
they looked at the area that contained errors [37]. These results
have been translated to usability improvement recommendations
for the system, for example, to make the important identity
information more salient on the interface.
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Table 1. Summaries of papers used in the review.

Key findingsPurposeTitleAuthor and
reference

The Dynamic Computer Interactive Decision
Application (DCIDA) version of patient deci-
sion aids was understandable to users and it
was able to help users focus on attributes that
are of individual importance to them.

To develop and test a computer application
that enhances conventional patient decision
aids so that common decision errors made
by patients can be reduced.

Development and preliminary user
testing of the DCIDA (Dynamic com-
puter interactive decision application)
for ‘nudging’ patients towards high
quality decisions

Bansback et al
[33]

The interface of the early version of a surgical
interface was redundant. With two larger scans
at higher spatial resolution on the interface,
participants were able to complete tasks more
quickly, and the visual acquisition correspond-
ed more to the natural visual search.

To use eye-tracking technology to improve
the design of a surgical interface to obtain
the optimum configuration.

Improvement of design of a surgical
interface using an eye tracking device.

Barkana and
Acik [34]

Infobiotika was effective and efficient in terms
of navigation support, and was a learnable
product for intensive care unit (ICU) physi-
cians.

To investigate if Infobiotika supports effi-
cient and effective navigation and to ob-
serve the user's navigation paths, visual scan
patterns, and distribution of visual attention.

Combining usability testing with eye-
tracking technology: evaluation of a
visualization support for antibiotic use
in intensive care

Eghdam et al
[35]

The visualization tool was usable for support-
ing ICU physicians in antibiotic use. Physicians
had increased awareness of a patient's infec-
tion-related data and felt more in control of the
situation.

To investigate the role of visualization as a
method to support intensive care physicians’
decision making about antibiotic use, ana-
lyze users’ work processes and information
needs, develop an interactive tool for inte-
grated information visualization, and per-
form usability testing.

Integrated information visualization to
support decision making for use of an-
tibiotics in intensive care: design and
usability evaluation

Forsman et al
[36]

Medical providers did not usually verify patient
identity prior to selecting the patient from the
list and ordering tests. They often did not rec-
ognize patient-identity errors in the system.

To determine the frequency of verifying
patient identity in an emergency department
(ED) during computerized provider order
entry (CPOE).

Providers do not verify patient identity
during computer order entry

Henneman et
al [37]

Faceted interfaces played a substantial role in
participants' use of the search result pages. The
severity of the health condition affected the
use of faceted interfaces.

To examine how searchers interact with a
faceted Web-search interface.

Older adults searching for health infor-
mation in MedlinePlus – an exploratory
study of faceted online search inter-
faces

Kules and Xie
[38]

Older adults had difficulties understanding the
illustrations as well as integrating the illustra-
tions with the text. Older adults did not benefit
from the use of illustration.

To examine whether explanatory illustra-
tions can improve older adults' comprehen-
sion of written health information.

The use of illustration to improve older
adults’comprehension of health-related
information: Is it helpful?

Liu et al [39]

Eye-tracker data and user feedback helped
identify usability problems of three OSH
websites.

To measure effectiveness, efficiency, and
satisfaction of the Occupational Safety and
Health (OSH) website, and to gather user
feedback.

Preliminary usability testing with eye
tracking and FCAT analysis on occupa-
tional safety and health websites

Rashid et al
[40]

An application was developed that integrated
the patients’ needs through the methods of
participatory design, usability testing, and iter-
ative development.

To develop a user-centered prototype, and
assess user preferences from usability test-
ing of a revised prototype of the Electronic
Self-Report Assessment for Cancer-II (ES-
RAC 2.0) project.

Development and usability testing of a
web-based cancer symptom and quali-
ty-of-life support intervention

Wolpin et al
[41]
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Figure 1. Flow diagram of the study selection process.

What Research Questions Are Answered by
Eye-Tracker Technology?
We identified different research questions that are answered by
eye-tracker technology in the selected papers. The first question
that can be answered by eye-tracker technology is whether the
user experience and performance using an HIT has been
improved based on the eye-gaze patterns, which primarily
reflects the system effectiveness, efficiency, and user satisfaction
[33-36,40,41]. The second question that can be answered by
eye-tracker technology is how people use visual cues in the
decision-making process, which primarily reflects the linkage
between human visual stimulus and cognitive processing [37].
The third question that can be answered by eye-tracker
technology is how information is processed differently under
different circumstances, such as age and health conditions,
which primarily reflects the variability of human performance
[38,39].

What Types of Health Information Technologies Were
Evaluated Using an Eye Tracker?
We identified different types of HITs in the selected papers. In
terms of functionality, the technologies included online health
information website interfaces [38-40], surgical interfaces [34],
decision support systems [33,35,36], computerized provider
order entry systems [37], and symptom and quality-of-life
information systems [41]. In terms of target users, the health
care information technologies were for the general public
[38-40], patients [33,41], and physicians [34-37].

What Is the Experimental Apparatus of the Usability
Test?
We identified different experimental apparatuses of the user
tests. Researchers evaluated HITs in the forms of developed
computer website/application [33,34,38,40], simulated prototype
[35,36,41], and screenshots [37,39]. Researchers used three
different kinds of eye trackers to collect data: on-screen eye
trackers (Tobii T60 and T120) [33,38,40,41], mobile eye
trackers that are external to a personal computer (Sensomotoric
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Instruments [SMI] 500, Tobii X-60 and X120) [34-36], and
head-mounted eye trackers [37,39]. Experiments were conducted
either in a usability lab room or a meeting room. None of the
experiments were conducted in the natural setting.

Out of the 9 papers, 2 of them (22%) reported a failure to collect
eye-tracking data during the usability test [37,39]. Of those 2
papers, 1 of them reported that data for 12 out of 250 patient
identification scenarios were not recorded due to failures in the
eye-tracking system [37]. The other paper reported that the eye
tracker was not able to perform for one-third of the older adult
participants [39]. Both papers used a head-mounted eye tracker
for data collection.

What Did the Eye Tracker Measure and How Was
Data Analyzed?
We identified three basic eye-tracker measurements in our
selected papers. The measurements included fixation duration
[33,34,38-40], the locations of eye movement [35-37], and the
fixation count in an area of interest [34,38]. Some papers
included two measurements, focusing on both fixation duration
and number of fixations in an area of interest [34,38]. Three
basic methods were also used to analyze the eye-tracker
measures in the selected papers, including heat map [33,34,40],
gaze plot [35,36,41], and statistical analysis [34,37-39].
Generally, a heat map is used when fixation-duration data is
collected [33,34,38], a gaze plot is used when the location of

eye-movement data is collected [35,36], and statistical analysis
is used when fixation-duration data is collected [34,38,39]. The
heat map and gaze plot are qualitative methods for understanding
the observed areas and gaze motions on an interface. Statistical
analysis is a quantitative method to examine the effects of two
different versions of a design or two different user groups on
the task completion time.

How Is Eye-Tracker Technology Combined With
Other Usability Methods?
The selected papers also showed other usability evaluation
methods that are combined with eye-tracker data to explore
usability problems in HIT systems. The methods include the
System Usability Scale (SUS) [33,35,36], the think-aloud
protocol [33,38,41], the National Aeronautics and Space
Administration Task Load Index (NASA-TLX) and Short
Post-Assessment Situational Awareness (SPASA) questionnaire
[34], posttest interviews [36], metrics measurement [39], and
Feedback Capture After Task (FCAT) [39]. There are two
different types of think-aloud evaluations: concurrent think
aloud, which encourages participants to tell what they think
while using the program, and retrospective think aloud (RTA),
which asks participants to verbalize their thoughts afterwards.
Researchers in selected papers used concurrent think aloud [41],
RTA [38], and a combination of both [33]. Table 2 shows the
research questions that were answered by eye-tracker technology
in the selected papers.
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Table 2. Summary of research questions.

ReferenceQuestions and answers

Q1: What research questions are answered by eye-tracker technology?

[33-36,40,41]System effectiveness, efficiency, and user satisfaction

[37]Linkage between human visual stimulus and cognitive processing

[38,39]The variability of human performance

Q2: What types of HITs were evaluated using an eye tracker?

Technology type by functionality

[38-40]Health information website interfaces

[34]Surgical interfaces

[33,35,36]Decision support systems

[37]Computerized provider order entry systems

[41]Symptom and quality-of-life information systems

Technology type by target users

[38-40]General public

[33,41]Patients

[34-37]Physicians

Q3: What is the experimental apparatus of the usability test?

Experimental apparatus by technology

[33,34,38,40]Developed computer program

[35,36,41]Simulated prototype

[37,39]Screenshots

Experimental apparatus by eye tracker

[33,38,40,41]On-screen eye tracker

[34-36]Mobile eye tracker

[37,39]Head-mounted eye tracker

Q4: What did the eye tracker measure and how was data analyzed?

Eye-tracker data collected

[33,34,38-40]Fixation duration

[35-37]Eye movement location

[34,38]Fixation count in area of interest

Eye-tracker data analyzed

[33,34,40]Heat map

[35,36,41]Gaze plot

[34,37-39]Statistical analysis

Q5: How is eye-tracker technology combined with other usability methods?

[33,38,41]Think-aloud protocol

[33,35,36]System Usability Scale

[34]Questionnaire

[36]Posttest interview

[39]Metrics measurement

[39]Feedback Capture After Task
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Discussion

Principal Findings
The purpose of this literature review was to examine usability
evaluations of any type of HIT using eye-tracking technology.
This review also aimed to identify the research gap and potential
uses of eye-tracker technology in future HIT research. This
review was conducted based on the inclusion and exclusion
criteria specified in the Methods section. Based on the results,
we determined that, although eye trackers provide rich data for
the improvement of HIT systems, the use of eye trackers for
usability evaluation of HITs is still in its infancy, as only 9
papers were found that fit within the inclusion criteria.

We organized the results into five main questions: (1) What
research questions are answered by eye-tracking technology?,
(2) What types of health care information technologies were
evaluated using an eye tracker?, (3) What was the experimental
apparatus of usability evaluation?, (4) What did the eye trackers
measure and how was data analyzed?, and (5) How was
eye-tracker technology combined with other usability methods?

Papers that were included in this review had different purposes
and research goals. The types of HITs evaluated were limited,
resonating with our finding that the use of eye trackers for the
evaluation of health IT is in an early stage. However, eye
trackers are becoming a promising tool for usability studies, as
demonstrated by the increasing number of research studies in
recent years. We also found that researchers used various means
of data collection and analysis using eye trackers. On the one
hand, this demonstrates the rich variety of data that can be
captured by eye trackers and the flexibility of interpretation of
eye-tracker data. On the other hand, it shows the lack of a
consensus on how to conduct user evaluation of HITs using eye
trackers at this stage. In addition, we found that eye-tracking
technology, as a part of usability evaluation methodology, was
supplemented by other traditional methods. Generally,
eye-tracking data can reveal the patterns of user difficulties
when completing tasks using HIT, while other supplemental
inquiries are used to unfold the reasons behind those patterns.
Therefore, eye-tracking technology has to integrate with other
techniques, as most physiology measurements do, because
eye-tracking technology alone cannot tell the entire story.

Different Research Questions
The reviewed papers reflected different research questions that
were answered by eye-tracking technology. Of the 9 papers, 6
of them (67%) were directly related to the system usability,
focusing on the efficiency, effectiveness, and satisfaction when
completing tasks with a specific HIT. Of these, 1 paper was
related to the examination of a gap between visual and cognitive
process. For example, a user missed information because he/she
did not pay attention to it, even if eye-tracking technology
suggested that the user had seen that information [37]. Another
2 papers (22%) out of 9 were related to the evaluation of
different gaze patterns under different circumstances. For
example, age had been identified as a factor for processing
information [39]. Although the research questions were different,
all of these studies commented on how eye-tracking data might

have direct or indirect implications for the usability
improvement of the evaluated HIT.

Limited Types of Health Information Technologies
The reviewed papers involved five different types of HITs,
including 3 out of 9 papers (33%) evaluating health information
website interfaces, 3 papers (33%) evaluating decision support
systems, 1 paper (11%) evaluating a surgical interface for
physicians, 1 paper (11%) evaluating a computerized provider
order entry system for physicians, and 1 paper (11%) evaluating
a symptom and quality-of-life information system for physicians.
The reviewed papers involved three different types of users,
including 3 papers (33%) for general public health IT, 2 papers
(22%) for patients, and 4 papers (44%) for physicians. Thus far,
eye trackers have been used most often to evaluate health
information website interfaces. This indicates that evaluating a
website interface using eye-tracker analysis may provide rich
theoretical guidance and reveal available practices that
researchers can refer to [42,43]. Moreover, the methods for
evaluating a website interface are familiar to usability specialists.

However, there is much potential for eye-tracker technology to
be applied to other types of health IT as well. One particular
aspect of health IT that lacks usability research using eye-tracker
technology is electronic health record (EHR) systems. EHR
systems have helped to revitalize physician and nursing practice,
and have the potential for positive impact on clinical processes
in terms of efficiency, productivity, and patient safety [44].
Health care providers’attitudes toward EHR systems have been
assessed and results showed that a majority recognized the
positive influence of EHR systems in terms of decreased
workload, improved quality of documentation, and electronic
charting [45]. However, some other studies also reported a
negative impact of EHRs, such as workflow interruptions and
introduction of new errors because of usability factors, which
have also been identified as a major barrier for successful EHR
implementation [46,47]. Eye-tracking technology can also be
used to identify usability problems to improve the design in a
better way.

Another gap exists in the application of eye-tracking technology
to usability studies of novel consumer HITs. Health apps and
devices are becoming prevalent in the market. Devices such as
the iPad, iPhone, iPod Touch, and Apple Watch have been the
target devices to provide a richer and more convenient user
experience of health care information technology [48]. Wearable
interfaces and Web-based activity-monitoring systems are
popular in the current market for the encouragement, persuasion,
and guidance of healthy lifestyles. Because of the smaller size
of these screens, there are increased difficulties for users to
operate these systems and for designers to maximize the
available screen area effectively [49]. Also, users expect to
interact with these HITs in ways that are consistent with other
technologies, without the need to read instructions. Eye-tracking
technology has the ability to examine whether this has been
achieved [50]. In that regard, eye-tracking data would be very
helpful in understanding how users interact with those
technologies and in providing designers with the basis to make
improvements.
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Lack of Research in a Natural Setting
In terms of the prototypes that were evaluated in the reviewed
papers, a majority of them (4/9, 44%) evaluated developed
computer programs that have already been adopted in health
care systems. Of these papers, 2 of them evaluated screenshots
of the real websites, and 2 of them evaluated usability using a
simulated prototype in high fidelity. Unlike many other usability
techniques, such as the formative usability evaluation approach,
that are primarily introduced in the early phase of the
user-centered design process, we found almost all the papers
evaluated HITs at a very late phase or even after implementation,
as a summative approach. The benefit of doing a summative
usability evaluation is that researchers are able to create an
approximation of the actual use scenario of HITs. Compared
with low-fidelity, nonfunctional prototypes, such late-phase
testing is more likely to uncover real usability problems [51].
However, even such high-fidelity approximations fall short of
researching HIT use in the natural setting. The health care
system is a sociotechnical system with a complex structure,
complex dynamics, and multiple stakeholders [52]. Not until
health care providers work in the real environment can many
organizational issues emerge, such as patient privacy, workflow
complexity, and disruptions [52-57]. Those factors influence
the usability of HIT in ways that cannot be captured by lab-based
evaluations. Therefore, an ecological gap is a particular concern
for HIT evaluation representing the differences of user study
results between the lab and the real setting [58]. Because of this,
we believe there are certain usability problems of HIT that can
only be discovered in the field within the real context of HIT
use.

Unfortunately, at this point there has been no usability
evaluation conducted using eye-tracking technology in real
settings. All of the reviewed papers conducted user studies in
a meeting room or a usability lab. Possible reasons for this gap
could be the mobility limitations of eye-tracker technology, the
possible intrusion of such technology on work, technical
difficulties, and the calibration process of the eye-tracking
equipment. Nearly half of the papers (4/9, 44%) used eye
trackers that were embedded within a computer screen, which
are impossible to move into real settings. Of the 9 papers, 2 of
them (22%) used head-mounted eye trackers, which are easy
to move but intrusive to the health care provider’s work if the
evaluation is conducted in the field, negatively influencing the
work in that time-sensitive environment. Moreover, such
head-mounted trackers are more likely to have technological
difficulties, which risk accurate data collection. Of the 9 papers,
3 of them (33%) used mobile eye trackers, which are probably
the best equipment to be incorporated into field research in the
real HIT setting. However, the calibration process may add
additional steps to the already complex workload of nurses or
physicians. Moreover, it is unlikely that a health care provider
will stay in one place for a long period of time, and their
movements will disrupt the calibration [59]. Despite this, we
still believe in the necessity and value of conducting real-life
usability evaluations of health IT using eye trackers. We expect
advancements in eye-tracking technology to address this
obstacle. For example, a new technology—Glasses—is capable
of collecting data in real settings without the problems of

calibration or too much intrusion on the health care provider’s
work.

Gaps of Eye-Tracker Data Analysis
We found that the eye-tracker measurements in the reviewed
papers were mainly fixation and saccade, which supports the
finding by Poole and Ball [18]. More than half of the reviewed
papers (5/9, 56%) collected fixation-duration data. For example,
researchers used fixation duration as an indicator of the
efficiency of human interaction with the surgical interface [34].
Of the 9 papers, 3 of them (33%) collected eye-movement
locations. Of these, 2 papers collected both the fixation duration
and fixation count in areas of interest. For example, researchers
evaluated a Dynamic Computer Interactive Decision
Application, using fixation number and fixation duration as
indicators of attributes on the DCIDA [33]. We found that
certain quantitative eye-tracker data are more favored by
researchers, such as fixation duration and fixation count.
Qualitative data collection and analysis appeared less frequently
in the reviewed papers, which corresponds to the finding by
Yen and Bakken [9].

Qualitative analysis is becoming prevalent partly because of
the improvement of software suites, making the analysis easier
and less intensive. Of the 9 papers, 3 of them (33%) translated
the data into qualitative visualization, such as heat maps and
gaze plots. While statistical analysis is powerful in comparing
completion time and errors, it is only part of the usability
evaluation. For a full usability evaluation, we believe the
qualitative data in visualization can illustrate more usability
problems. Using a heat map, it is easy to determine if specific
content is usable or not. Using a gaze plot, it is possible to
determine if users follow an efficient and predetermined route
when searching for specific information on the interface.

However, we found that the interpretation of such visualizations
lacked scientific guidance based on an established theoretical
method, so interpretations tended to seem arbitrary and
subjective. At this point, researchers are struggling to find a
theory or a commonly used procedure to guide the interpretation
of heat maps and gaze plots. Therefore, we expect that in the
future a more structured system of interpretation will be
developed for heat maps and gaze plots.

Opportunities for Integration
With the visualization of eye-tracker data, researchers can
identify the areas of an interface that have created difficulties
in participants’minds. However, based solely on the eye-tracker
data, there is no way to understand the precise cognitive reasons
behind a participant’s eye-gaze patterns. For example, there
might be many possibilities for an eye fixation, such as fatigue,
distraction, confusion, and engagement [18,60]. Therefore,
researchers will have to integrate other quantitative and
qualitative research methods with eye-tracking research in order
to understand why people behave in a particular way. Of the 9
papers, 7 of them (78%) used other methods along with the eye
tracker, some using more than one method. Of these, 3 papers
used the think-aloud method, 3 papers used the SUS, 1 paper
used the NASA-TLX and the SPASA questionnaire, 1 paper
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used a posttest interview, 1 paper used metrics measurements,
and 1 paper used FCAT.

It is interesting that there are three different think-aloud methods
used in the reviewed papers: concurrent think aloud, RTA, and
a hybrid of both. The concurrent think-aloud method is the
traditional method widely accepted and applied by usability
evaluation researchers. It is a method that asks participants to
verbalize their thoughts while interacting with the system [61].
However, the method has received criticism because the verbal
process requires attention and may distract the participants [62].
Additionally, during the think-aloud method, users usually have
the temptation to look at the researcher for conversation, which
has the risk of disrupting the calibration of eye-tracking
technology, thus causing researchers to lose eye-tracking data
[63]. RTA records participants’ eye movements during the
usability test session and then asks them to verbalize their
thoughts afterward while watching the gaze-plot animation [64].
Research has shown that RTA enhances the validity and
reliability of the usability evaluation results [65]. However,
RTA does have some identified limitations, due to the limited
capability of eye-tracker technology, which we need to be aware
of. For example, eye trackers are not able to capture peripheral
vision data. Although our peripheral vision is in low resolution,
that still accounts for part of our visual input [11]. Similarly,
orphan fixation can happen when the user is making some
unintentional fixation or when the user looks at an area, but
attention is somewhere else [59]. When researchers present this

to the participant, it can surprise the participants and, therefore,
distract them from an efficient RTA process [59].

Another reviewed paper used a hybrid of concurrent think-aloud
and RTA methods [33]. The researchers asked the participants
to think aloud while completing the task. However, if they could
not think aloud about a particular page within 10 seconds, they
would be asked to reflect after the task session. This method is
superior because the participants have the opportunity to
verbalize immediate thoughts during the evaluation session, but
also have the opportunity to review and think more deeply after
the test.

Conclusions
Although eye tracking is a promising technology, the application
of eye-tracking technology to health IT usability evaluation is
still in its infancy, with limited theoretical guidance and practice.
Therefore, we reviewed papers that were related to usability
evaluations of HIT using an eye tracker, to understand the
current state, identify the gaps, and envision future research.
There is no doubt that eye-tracker technology would be able to
provide valuable data if well-integrated with other traditional
usability evaluation methodologies. However, the lack of field
research of clinical and mobile HITs in natural settings is a huge
gap that needs to be filled. Scientific guidance is also needed
for the interpretation of eye-tracking visualizations. Eye trackers
can play a significant role in the future of usability evaluations
of HIT if they are used effectively and correctly.
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Abstract

Background: Attrition is a significant problem in Web-based interventions. Consequently, this research aims to identify the
relation between Web usage and benefit from such interventions. A visualization tool has been developed that enables researchers
to more easily examine large datasets on intervention usage that can be difficult to make sense of using traditional descriptive or
statistical techniques alone.

Objective: This paper demonstrates how the visualization tool was used to explore patterns in participants’ use of a Web-based
weight management intervention, termed "positive online weight reduction (POWeR)." We also demonstrate how the visualization
tool can be used to perform subsequent statistical analyses of the association between usage patterns, participant characteristics,
and intervention outcome.

Methods: The visualization tool was used to analyze data from 132 participants who had accessed at least one session of the
POWeR intervention.

Results: There was a drop in usage of optional sessions after participants had accessed the initial, core POWeR sessions, but
many users nevertheless continued to complete goal and weight reviews. The POWeR tools relating to the food diary and steps
diary were reused most often. Differences in participant characteristics and usage of other intervention components were identified
between participants who did and did not choose to access optional POWeR sessions (in addition to the initial core sessions) or
reuse the food and steps diaries. Reuse of the steps diary and the getting support tools was associated with greater weight loss.

Conclusions: The visualization tool provided a quick and efficient method for exploring patterns of Web usage, which enabled
further analyses of whether different usage patterns were associated with participant characteristics or differences in intervention
outcome. Further usage of visualization techniques is recommended to (1) make sense of large datasets more quickly and efficiently;
(2) determine the likely active ingredients in Web-based interventions, and thereby enhance the benefit they may provide; and
(3) guide in designing (or redesigning) of future interventions to promote greater use and engagement by enabling users to easily
access valued intervention content/tools.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 31685626;
http://www.isrctn.com/ISRCTN31685626 (Archived by WebCite at http://www.webcitation.org/6YXYIw9vc).
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Introduction

Web-based interventions for weight management (weight loss
or maintenance) have grown in popularity in recent years. There
is evidence that such interventions lead to meaningful weight
loss [1], particularly relative to no-intervention control groups
or minimal interventions [2]. However, attrition is typically
high in Web-based interventions [3-5].

In any longitudinal eHealth study, there are two different types
of attrition, namely, dropout attrition, or losing participants to
follow-up; and nonusage attrition (not using the intervention or
low usage of the intervention). Determining nonusage and
dropout attrition is an essential part of analysis of Web-based
interventions, as the attrition curve may indicate the underlying
cause of attrition [3]. For example, there may be steady attrition,
with a consistent proportion of users discontinuing usage.
Alternatively, there may be an initial phase where usage is high,
followed by rapid attrition, after which a stable group of regular
users remains. Further, even among regular users, some Web
pages are used by almost all users who log on to the website,
whereas others are never used. Although higher use of website
features may be associated with weight loss, it is not clear which
features improve this effect or reduce attrition [5]. It is also
possible that not all users may need to complete an Internet
intervention to obtain positive results—different doses may be
necessary for different people [6].

Several recent studies have attempted to identify the relationship
between Web usage and benefit from weight management
interventions. For example, Funk and colleagues [7] categorized
users of a Web-based weight loss intervention as having
“consistent usage,” “some usage,” or “minimal usage.” The
mean weight change was significantly higher in the “consistent
usage” category, and significantly more consistent users
maintained clinically important weight loss than those in the
other groups. Within Internet interventions, more logins, weight
and exercise entries, and use of additional features of the website
after weight entry have been associated with better weight
outcomes [7,8]. More specifically, use of website feedback
features, such as progress charts, have been shown to be the
best predictors of initial 6-month weight loss, whereas social
support features, such as Web chats and participant profiles,
have been related to weight maintenance at 12 months [9].
Recently, greater use of a weight tracker was associated with
greater weight loss [10]. However, no study has assessed in
detail whether certain Web pages are more frequently used than
others, or whether certain groups of people are more likely to
use particular pages. This would enable researchers to refine
the content of their Web-based interventions, for example, to
enable easier access to the most useful Web pages, or encourage
greater use of useful but underused Web pages by identifying
and addressing barriers to usage.

Positive Online Weight Reduction [11] was developed as a
Web-based weight management intervention for use in primary
care that aimed to result in sustainable weight loss. It was tested
in a feasibility trial that consisted of 4 groups, namely: Web
only, Web plus basic nurse support, Web plus regular nurse
support, and usual care, to assess the extent to which weight
loss was maintained at 12-month follow-up. It was designed to
provide support for self-management of weight based on either
a low-calorie or low-carbohydrate eating plan. Analysis revealed
that average website usage, defined as duration of page viewing,
was similar across the intervention arms, but extremely variable
within groups. Although participants completed a mean of nine
goal and weight reviews, this ranged from none to 43 completed
during the 12-month trial.

Usage log data have been used to examine the relationship(s)
between use of specific intervention components and subsequent
outcomes/effectiveness [12-14]. Such analyses can reveal useful
insights about the impact and relevance of particular components
over the time course of an intervention. However, such analyses
typically rely on making a priori assumptions about the specific
intervention components that are expected to have an effect on
uptake, adherence, or outcomes. By contrast, visualizations use
aspects of exploratory sequencing techniques to summarize and
plot the participant’s usage of every intervention component
over time [15].Using visual analysis allows differences in usage
to emerge from the data and ensures that unanticipated
relationships between usage and outcomes are not overlooked.
Freely available visualization tools have been developed and
argued to be useful for detecting patterns of usage and how they
vary across individuals/groups; detecting usability or content
issues, and thereby enable researchers to edit content for use in
future Web-based interventions; and performing exploratory
analysis to support the design of statistical queries to summarize
data regarding whether use of particular pages is related to
benefit [15].

Existing visualization tools provide a useful means to explore
each individual participant’s usage of an intervention, or
particular aspects of all participants’ usage of an intervention
(such as days/dates of logins, start and end points of each login).
However, to our knowledge, these tools do not allow for a
detailed comparison of how all components of an intervention
have been used by all participants within one sequence plot.
Our research team has therefore developed a visualization tool
to examine each individual participant’s temporal usage of a
Web-based intervention by illustrating what pages they have
viewed, for how long, and in what order. Usage sequences for
each individual are stacked within one visualization plot to
facilitate comparison across all participants. This makes analysis
quicker and easier compared with standard data analysis.

This paper first describes how the visualization tool works. We
then illustrate the insights the visualization tool can provide by
a detailed analysis of usage of the Positive Online Weight

JMIR Human Factors 2015 | vol. 2 | iss. 1 | e8 | p.83http://humanfactors.jmir.org/2015/1/e8/
(page number not for citation purposes)

Arden-Close et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://dx.doi.org/10.2196/humanfactors.4310
http://www.w3.org/Style/XSL
http://www.renderx.com/


Reduction (POWeR) intervention. This analysis had three main
aims, which were realized using the visualization tool.

• Examine patterns of Web usage to identify the following:
• At what point usage of POWeR drops off;
• Whether participants accessed both the core and

optional contents of the intervention; and
• What information, advice, and tools were reused after

their initial presentation;

• Carry out a moderator analysis of patient characteristics
related to Web usage; and

• Determine whether usage of specific intervention pages
and sections were related to weight change.

Methods

Design
As reported elsewhere [11], a randomized nonblinded feasibility
trial of a Web-based weight management intervention (POWeR)
for obese patients in primary care was used to compare 4 parallel
groups: usual care, website only, website with basic nurse
support, and website with regular nurse support. The trial was
approved by the UK National Health Service National Research
Ethics Service, and was registered with Current Controlled
Trials (ISRCTN 31685626).

Participants and Procedures
Participants were recruited between May 2011 and December
2012 from five general practices in southern England. Inclusion
criteria included being aged over 18, and having a body mass
index (BMI)of 30 or more (or 28 with hypertension,
hypercholesterolemia, or diabetes) documented in medical
records. Exclusion criteria included being pregnant or
breastfeeding, having current major mental or physical health
problems, or self-reported inability to walk 100 m. Participants
were followed up at 6 months and 1 year.

Intervention
The POWeR intervention [11] consisted of 12 weekly online
sessions, in which users were taught active cognitive and
behavioral self-regulation techniques (eg, POWeR Tools) and
provided with evidence for their effectiveness and examples of
how other users had successfully used them. The sessions did
not differ between groups. Session 1 provided an overview of
the intervention, advice on choosing the low-calorie or
low-carbohydrate eating plan, helped users to set eating goals
and plan how to implement them, asked users to identify
personal reasons for losing weight, and explained how to use
weekly weighing as a form of self-monitoring. All subsequent

sessions began by asking the users to enter their current weight
and report how often they had achieved each of the goals set
the previous week (goal and weight review). Following this,
users received automated advice based on their progress, and
were able to set new goals and plans. This advice did not differ
between groups. Session 2 covered getting support from the
website (eg, setting automated motivational messages), friends
and family, and the nurse. Session 3 helped users choose and
implement a physical activity plan (walking or mixed physical
activity). Sessions 1-3 were defined as core sessions, and became
available weekly in sequence. After completing the first three
sessions, users could then choose any one optional session each
week after their goal and weight reviews from the following
selection: cravings, slipups, stretching physical activity, tough
times (emotional eating), busy lives (eating when busy), setting
up your environment (environment restructuring), alcoholic and
nonalcoholic drinks, eating out, and maintaining weight loss.
The final session was a review. In addition to the new weekly
sessions, users could also reaccess content from previous
sessions at any time via the main home page, using either their
POWeR Tools or a weight graph plotting their progress.

Data Collection and Analysis
All data were stored using the LifeGuide intervention authoring
software [16], an online software that enables researchers to
create Web-based interventions. This software automatically
captures data regarding all Web pages accessed, and length of
time spent viewing each Web page. A visualization tool was
created using R to enable us to determine patterns of Web usage.
The tool enables researchers to visually compare when particular
parts of the intervention were viewed, for how long, and in what
order, across all participants. A Web-based interface for the
visualization tool was developed using the Shiny Web
application for R (Figure 1). A user guide for the visualization
tool will be made available shortly, and both the tool and user
manual will be made available free of charge via the LifeGuide
website.

In brief, to run the tool, one needs to feed it 4 types of files: a
page flow file (which shows the order in which participants
have looked at pages and the time they have spent on them); a
user data file (which contains data on participant characteristics
and outcomes or data participants have entered into the
intervention), a coding file (which assigns each intervention
page a numerical code), and a color file (which assigns each
intervention page code a specific color). At the top of all the
interfaces, there is the option to sort participants by sequence
length (the amount of time a participant has spent viewing the
intervention) and choose the type of visualization plot (Table
1) the viewer wants to see.

Table 1. Different types of plots shown in a visualization.

What it showsPlot type

Default option, shows which pages were viewed by each individual participant, in which orderNormal

Shows usage by all participants by groups of pages, so the researcher can see which groups of pages are most usedFrequency

Groups participants into statistically similar usage patternsClustered

Allows you to see two or more visualizations next to each other, split into different types of usage patterns or usersGroup
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The visualization can be filtered based on variables in the dataset
(eg, user characteristics or outcomes) or which groups of pages
users have/have not seen. If you have run a visualization that
you want to follow-up on through statistical analysis, the tool

can create an Excel file (Microsoft, Redmond, WA, USA) that
lists details of all users who have seen a particular group of
intervention pages.

Figure 1. Screenshot of the visualization tool.

Statistical Data Analysis
Data analysis for the moderators (use of the optional sessions,
food diary, and steps diary) was carried out using SPSS (SPSS
Inc, Chicago, IL, USA).

Results

Patterns of Web Usage
Overall, 195 participants consented to take part in the feasibility
trial of POWeR; 16 were enrolled at a general practice, but
never used the website, and therefore, were not randomized.
Participants assigned to usual care (n=43) did not have access
to the website after completing questionnaires, and their data
were therefore not used. There were 4 participants who went

online and were assigned to a group, but never used a session.
To analyze Web usage, data from the 132 participants who had
viewed at least one page of a session, which comprised the
groups “Web only,” “Web + basic nurse support,” and “Web +
regular nurse support” were included.

Participant characteristics for the overall sample are presented
in Table 2. they are not broken down by group as this
information is reported in the main power paper [11].

To analyze patterns of POWeR usage, we first carried out
broad-level visualizations of how participants used the entire
intervention and main components of interest (eg, core versus
optional sessions), followed by more fine-grained visualizations
of regularly used components (eg, eating plan tools) and
subsequent statistical analyses.

Table 2. Baseline characteristics of participants.

Mean (SD)Participant characteristic

51.56 (12.96)Age (years)

17.82 (2.93)Age left education (years)

35.49 (5.70)Body mass index (kg/m2)

100.66 (21.02)Weight (kg)

46 (33.8)Male, n (%)

Usage of the Core and Optional Sessions
Usage of the core and optional sessions is presented in Figure
2, with each color representing a separate group of pages. For
example, the light green shows usage of the first part of the
eating plan pages (which introduced the eating plans), and the
dark gray shows usage of the support pages. The x-axis shows

the length of time spent viewing each group of pages, broken
down into blocks of 30 seconds. The y-axis can be thought of
as a number of lines, each representing a specific participant.
Participants are presented in order of how long they spent on
the intervention, with those who spent less time nearer the
bottom, and those who spent more time nearer the top.
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It can be seen from Figure 2 that the core eating plan session
(part 1, light green; and part 2, pink) was the most widely used,
followed by the core sessions on “support” (session 2, dark
gray) and “physical activity” (session 3, brown). Table 3
provides a precise breakdown of the proportion of participants
accessing each POWeR session (core and optional). Two thirds
of the participants accessed all the core sessions. However, each

optional session (except the final review session, which was
made compulsory) was accessed by less than 1 in 4 of the
participants. A total of 30 participants (30/132, 23%) used all
the core sessions but no optional sessions. Later sessions (eg,
7-11) were viewed by only 48 participants (48/132, 36%). This
contrasted with an average of 8.62 (SD 10.46) goal and weight
reviews per participant (range, 0-43).

Table 3. Numbers (and percentages) of participants who used the core and optional sessions.

Participants who viewed at least one page of the
session

n (%)

Session descriptionSession number

132 (100)Eating plan part 1a1

120 (90.9)Eating plan part 2a,b1

104 (78.7)Supporta,c2

90 (68.1)Physical activitya,c3

28 (21.2)Cravings4

32 (24.2)Slipups5

25 (18.9)Stretching physical activity6

21 (15.9)Tough times7

19 (14.3)Busy lives8

13 (9.8)Setting up your environment9

13 (9.8)Drinks10

24 (18.1)Eating out11

36 (27.2)Maintaining weight lossd12

aCore sessions
bEating plan part 1 and part 2 are both part of session 1. They are presented separately to show the points during session 1 at which participants dropped
out.
cThe sessions are presented in the order in which they were listed.
dThis session was made compulsory.

To further explore patterns of drop out, we used the visualization
tool to compare the proportion of participants dropping out at
different points during the first session. This revealed that 100%
of participants (132/132) used part 1 of session 1, 120/132 (91%)
used part 2 of session 1, and 115/132 (87%) completed session
1 (reached the last page). Separate visualizations were also
produced for each trial arm (Web only, Web + basic nurse
support, and Web + regular nurse support), but revealed no
meaningful and substantial differences in attrition between
groups.

To further explore how the optional POWeR sessions were used,
we filtered the visualization plots to only contain participants
who accessed at least one of the optional sessions (Figure 3).
This showed that after completion of the initial core sessions,
62/132 participants (47%) accessed both the goal and weight
reviews (yellow) and the optional sessions (brown) whereas
58/132 participants (44%) continued to access the goal and
weight reviews but not the optional sessions. Four (of 132)

participants (3%) did not use either the goal and weight reviews
or the optional sessions following completion of the core
sessions.

In Figure 3, each color represents a separate group of pages.
For example, the green shows usage of the eating plan pages,
and the yellow shows usage of the goal and weight reviews
pages. The x-axis shows the length of time spent viewing each
group of pages, broken down into blocks of 30 seconds. The
y-axis can be thought of as a number of lines, each representing
a specific participant. Participants are presented in order of how
long they spent on the intervention, with those who spent less
time nearer the bottom, and those who spent more time nearer
the top.

Figure 3 shows that 58/132 (44%) participants used the optional
sessions. It also shows that the most frequently viewed pages
were those relating to part 1 of the eating plan session and the
goal and weight review, whereas the optional sessions and
optional tools pages were not widely used.
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Figure 2. Visualization of POWeR usage of sessions by all intervention participants.

Figure 3. Visualization of POWeR usage by participants who used the optional sessions.

Repeated Use of POWeR Tools
There were 107 participants who reused at least one of the
POWeR tools, as shown in Figure 4. These data are broken
down as shown in Table 4.

In Figure 4, each color represents a separate group of pages.
For example, the green shows usage of the eating plan pages,
and the pink shows usage of the support pages. The x-axis shows
the length of time spent viewing each group of pages, broken
down into blocks of 30 seconds. The y-axis can be thought of

as a number of lines, each representing a specific participant.
Participants are presented in order of how long they spent on
the intervention, with those who spent less time nearer the
bottom, and those who spent more time nearer the top.

As shown in Figure 4, the POWeR tools participants reused
most pages related to the eating plan (green), support (pink),
and physical activity plan (dark gray). Very few participants
reused the POWeR tools pages that are related to the optional
sessions.
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Table 4. Numbers of participants who reused POWeR tools.

Numbers viewed

n (%)

Tool topic

91 (68.9)Eating plan

68 (51.5)Support

21 (15.9)Physical activity plan

7 (5.3)Slipups

1 (0.8)Cravings

10 (7.5)Tough times

7 (5.3)Busy lives

2 (1.5)Drinks

4 (3.0)Eating out

17 (12.8)Maintaining weight loss

We used the visualization tool to provide a detailed breakdown
of the most regularly reused eating plan tools (Figure 5).

In Figure 5, each color represents a separate group of pages.
For example, the pink shows usage of the weekly food diary,
and the yellow shows usage of the reasons to lose weight card.
The x-axis shows the length of time spent viewing each group
of pages, broken down into blocks of 30 seconds. The y-axis
can be thought of as a number of lines, each representing a
specific participant. Participants are presented in order of how
long they spent on the intervention, with those who spent less
time nearer the bottom, and those who spent more time nearer
the top.

As shown in Figure 5, the specific tools that appeared to be
reaccessed most often were those relating to the weekly food
diary (light pink), and information about eating plans (eg, lists
of foods that were low/high in calories or carbohydrates—gray
and dark red).

The patterns observed in Figure 5 were used to provide a more
precise breakdown of the proportions of participants viewing
each of the eating plan tools. This confirmed that over 40% of
the participants viewed the weekly food diary (76/132, 57.5%)
and information about the low-calorie (71/132, 53%) and
low-carbohydrate eating plans (57/132, 43%; Table 5).

Table 5. Numbers (and percentages) of participants who reused the eating plan tools.

Numbers viewed

n (%)

CodeEating plan topic

29 (21.9)1Week 1 food diary

76 (57.5)2A weekly food diary

71 (53.7)3Low-calorie information

57 (43.1)4Low-carbohydrate information

9 (6.8)5Information about goal setting

14 (10.6)6Information about making plans

18 (13.6)7My reasons to lose weight card

We also used the visualization tool to provide a detailed
breakdown of how the “support” tools were reused. Figure 6
shows that 68/104 participants (ie, 65% of those who were able
to reaccess them) reused the tools in the “Getting Support”
subcategory, which included information about the importance
of getting support from others when trying to lose weight, and
the various ways in which participants could get support from
their nurse.

In Figure 6, each color represents a separate group of pages.
For example, the light green stands for the support pages, and
the pink stands for the support tools pages. The x-axis shows
the length of time spent viewing each group of pages, broken

down into blocks of 30 seconds. The y-axis can be thought of
as a number of lines, each representing a specific participant.
Participants are presented in order of how long they spent on
the intervention, with those who spent less time nearer the
bottom, and those who spent more time nearer the top.

This visualization shows that although some participants reused
the “getting support” tools all in one go after accessing the
session on “getting support,” it was more common to follow
each brief usage of the “getting support” session with reuse of
the “getting support” tools. Table 6 provides a precise
breakdown of the proportion of participants using each of the
support tools.
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Table 6. Numbers of participants who reused the support tools.

Numbers viewed

n (%)

Support topic

68 (65.3)Getting support

3 (2.8)Sending motivational emails

6 (5.8)Ask the nurse

1 (0.9)Social times

Finally, we carried out a visualization to examine how
participants reused the physical activity plan tools, as shown in
Figure 7.

In Figure 7, each color represents a separate group of pages.
For example, the orange shows usage of the steps diary and the
light green shows usage of pages on getting more active. The
x-axis shows the length of time spent viewing each group of
pages, broken down into blocks of 30 seconds. The y-axis can
be thought of as a number of lines, each representing a specific

participant. Participants are presented in order of how long they
spent on the intervention, with those who spent less time nearer
the bottom, and those who spent more time nearer the top.

Figure 7 shows that the most widely reused physical activity
tools pages were the steps diary (orange) and the pages on
getting more active (light green), but that some of the other
tools were used only by one person. Table 7 provides a precise
breakdown of the proportion of participants using each of the
physical activity tools.

Table 7. Numbers (and percentages) of participants who used the physical activity tools.

Numbers viewed

n (%)

Physical activity topic

4 (3.0)Getting more active

1 (0.8)Thinking about fitting physical activity into your day

0 (0)Information about the walking plan

1 (0.8)Information about the mixed physical activity plan

0 (0)Thinking about your walking experiences

1 (0.8)Thinking about your physical activity experiences

0 (0)Making a detailed walking plan

1 (0.8)Making a detailed physical activity plan

17 (12.9)Steps diary

Figure 4. Visualization of participantsâ€™ repeated use of optional tools pages.
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Figure 5. Visualization of participantsâ€™ repeated use of eating plan tools.

Figure 6. Visualization of reuse of the support tools in relation to the session on getting support.
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Figure 7. Visualization of participantsâ€™ repeated use of the physical activity plan tools.

Patient Characteristics Related to Web Usage
Using the visualization tool, we were able to download the IDs
of participants who followed particular usage patterns. This
enabled the creation of a new usage variable that detailed who
had/had not used particular intervention components and could
be followed up with further statistical analysis using SPSS.

Usage of Optional Sessions
Sixty-two participants used both the goal and weight reviews
and the optional sessions, but 58 accessed the goal and weight
reviews but not the optional sessions. Participants who did not
use the optional sessions had a higher BMI at baseline (36.68
vs 34.60), were more likely to use the low-carbohydrate plan

(χ2
2=8.71, P=.03) and were more likely to use the walking plan

(χ2
2=2.08, P<.001). For these analyses, participants were

classified as using the last plan they used. There was no
difference in weight loss (kilograms) between those who used
the optional sessions and those who did not, 3.67kg (SD 6.42)
versus 2.14kg (SD 4.75; t134=1.54, P=.13).

Repeated Use of Eating Plan Tools
Overall, 106 participants reused the eating plan tools, of whom
76 reused the weekly food diary. Participants who reused the
weekly food diary were older, 53.62 versus 48.95 (t134=−2.11,
P=.04), and completed more goal and weight review sessions
than those who did not reuse the diary, 8.89 versus 3.23
(t125.34=−3.64, P<.001). There was no difference in weight loss
between those who did and did not reuse the food diary (2.95,
SD 5.53) versus (3.11, SD 6.17; t134=0.16, P=.87).

Repeated Use of Physical Activity Tools
Overall, 21 participants reused the physical activity tools. Those
who reused the steps diary were older than those who did not,
58.82 (SD 14.44) versus 50.52 (SD 12.45; t134=−2.52, P=.01).
Participants who reused the steps diary (physical activity plan

tools; n=17), lost more weight than those who did not, 5.78 kg
(SD 6.87) versus 2.63 kg (SD 5.56; t134=−2.12, P=.04).

Repeated Use of Getting Support Tools
Use of getting support tools was analyzed for the nurse groups
only (as the Web group did not receive nurse support). A total
of 68/104 participants (65% of those who were able to reaccess
them) reused the getting support tools. There were no differences
at baseline between those who did and did not use the getting
support tools. However, those who used the getting support
tools completed more of the sessions than those who did not,
3.39 (SD 1.14) versus 0.5 (SD 0.59; t77.48=−15.68, P<.001), and
more goal and weight reviews than those who did not, 0 (SD
0) versus 8.81 (SD 10.65; t66=−6.77, P<.001). They also lost
more weight than those who did not, 4.03 kg (SD 6.93) versus
1.53 kg (SD 4.04; t70.04=−2.12, P=.038).

Discussion

Principal Findings
This paper had three main aims, which the visualization tool
was able to help us realize. These were as follows: (1) to see
patterns of Web usage, (2) to carry out a moderator analysis of
patient characteristics related to Web usage, and (3) to determine
which pages were related to benefit from the Web-based
intervention. These results are discussed in the following section
in relation to these aims.

First, the visualization tool was extremely helpful in enabling
us to determine patterns of Web usage. A first key observation
is that the vast majority of participants who went online accessed
the first session, but there was a drop of approximately 20% of
participants from the first session (n=132 in part 1 and n=120
in part 2) to the second session (n=104). This is similar to the
rapid attrition rate reported in similar Web-based weight loss
interventions [3-5]. Dropout then continued at a rate of
approximately 10% per session. Breaking down the first session
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into two parts based on content covered (as it was very long
and each part had a similar length to the other full sessions) and
checking how many participants accessed the last page of
session 1 enabled us to see that almost 90% of participants
completed the first session (n=120/132). To ensure all essential
information is covered, each session should be presented as
early as possible in the intervention. Interventions that aim to
also prioritize physical activity should present this as early on
as possible.

A second key observation is that only half the participants
accessed any of the optional sessions, and each optional session
was viewed by less than 25% of participants. Nevertheless,
nearly half the participants continued to use the weekly goal
and weight review, despite deciding not to access new optional
content. In retrospect, this pattern of usage could have been
unintentionally prompted by the design of the page following
goal review, as the logout option was prominently placed.
Alternatively, it could mean that participants felt the additional
sessions were neither necessary nor particularly novel (as they
covered topics that are commonly addressed by other weight
management interventions). In support of this interpretation,
there were no differences in weight loss between participants
who did and did not use the optional sessions, indicating that
the optional content was indeed not necessary for weight loss.
In addition, those who chose not to access the optional content
had a higher BMI at baseline, so may have been more likely to
have encountered similar content in previous weight
management attempts. This finding justifies the decision to
make these sessions optional, and also suggests that for many
participants the goal and weight review (which provided
individualized progress-relevant feedback messages as well as
a weight loss graph) was more important and rewarding to
access than the generic weight management advice.

The eating plan tools were the most reused, especially the
weekly food diary, and information about the low-calorie eating
plan and the low-carbohydrate eating plan. Thus, explorations
of usage patterns using visualization tools can help to identify
the particular intervention tools that participants are keen to
reuse online. Such insights can help design hybrid interventions
that enable access to selected intervention content through
multiple digital devices (eg, mobile phone apps). For example,
a mixed-methods evaluation of a supplemental POWeR mobile
phone app also showed that participants particularly valued
being able to reaccess food lists associated with their eating
plans on the go via their mobile phone [17]. The eating plan
tools were the most basic weight management tools, and less
essential tools such as the motivational “reasons to lose weight”
or “sending motivational emails” support tools were not reused.
However, this does not necessarily mean that the less essential
tools were not valued by participants. It could be that
participants engaged with these tools at their first presentation
during the core session (eg, by printing out their reasons to lose
weight card or setting up support emails there and then) and did
not need to reuse them via the POWeR website.

Those who reused the food diary were older and had completed
more goal and weight reviews than those who had not. It is
possible that these participants may have been more
conscientious in their attitude to weight loss, or that younger

participants could have been using alternative tools. However,
it is important to note that those who reused the food diary did
not lose more weight than other participants. To minimize the
intrusiveness and burden of weight management, POWeR
specifically encourages users to employ food diaries only
occasionally, as diagnostic tools when necessary, and not to
rely on them for long-term weight management[18].

Those who reused the getting support tools had completed more
sessions and goal and weight reviews and lost more weight than
those who did not. This suggests that the support tools were
helpful in enabling weight loss. The challenge now is engaging
with those users who did not use the support tools. Interestingly,
very few people reused the “ask the nurse” function, which
allowed users to send queries or messages to the nurse providing
them with support. Some POWeR users have indicated in our
follow-up interviews that they would like to be able to access
human support when they feel the need [19], but it appears that
the facility to send the nurse an email may not meet this need.
This could be because email is an insufficiently personal
medium to access support [20], but it could also indicate that
the opportunity to contact the nurse should be presented
differently in future interventions; for example, perhaps offered
as an immediate option in goal feedback if participants are not
meeting their goals (rather than requiring users to access the
option from their tools). Alternatively, these findings may
indicate that people did not feel the need to contact the nurse,
although they felt that it was helpful to have the option there.

Very few people reused the physical activity tools, suggesting
that physical activity may not have been seen as an important
part of weight management by POWeR users. However, of the
physical activity tools, the steps diary was the most widely
reused, and was associated with greater weight loss. Users of
the steps diary may have used pedometers. They may also have
had increased levels of autonomous motivation as this has
mediated the effect of self-monitoring and diary usage on weight
loss in previous studies [21]. It may therefore be beneficial to
find ways to increase repeated and regular usage of the steps
diary [22]. It is important to note that participants could only
reuse the steps diary if they had chosen to follow the walking
plan. From these results it is therefore not clear whether it was
specifically the steps diary that was useful, or whether the
walking plan was more beneficial than the mixed physical
activity plan.

Limitations
This study had several limitations. First, the results described
here are based on a single feasibility study, and it is unclear
how widely they would apply to a wider population. In
particular, the sample participating in POWeR included fewer
men and very few members of ethnic minorities. However, the
sample was not young or highly educated, and as such could
be considered broadly representative of the population eligible
to enroll in such an intervention in primary care [11]. Second,
although our exploratory analyses identified a number of
possible patterns in Web usage and associations with outcome,
further research is needed to confirm these patterns and test the
hypotheses arising from this study. Third, the results regarding
use of the steps diary and weight loss were based on a small
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number of users of the steps diary, and should therefore be
interpreted with caution. This needs to be replicated with larger
populations. Fourth, we considered the intervention groups from
POWeR as a single population. It is possible that nurse support
may have influenced Web usage. We were not able to determine
this due to the small sample size.

Conclusions
The visualization tool provided a useful and efficient method
for interpreting and exploring a very large dataset on usage of
a Web-based weight management intervention. Specifically,
the visualization tool helped to determine aspects of the
intervention design and content that seem to encourage and
discourage repeated use. Insights gained from a visual analysis
of usage data also helped to determine the associations between
usage patterns, participant characteristics, and weight change
in subsequent statistical analyses. The visualization tool
complements the work of Morrison and Doherty [15] by
enabling an in-depth analysis of all participants’ usage of
EVERY intervention component within one sequence plot.
Different visualization tools are likely to be more or less useful
depending on the intervention architecture and research

questions of interest. The visualization tool presented here may
be particularly useful for inductive analyses of tunneled
interventions. By contrast, the toolkits developed by van
Gemert-Pijnen and colleagues [12] may be particularly
beneficial for usage analyses following a priori assumptions
about key intervention components. The toolkit developed by
Morrison and Doherty[15] may be particularly beneficial for
individual-level analyses or group-level analyses of nontunneled
interventions that do not have a clear start and end point.
Visualization toolkits can be used as part of a mixed-methods
approach for developing and evaluating digital interventions
that seek to arrive at a more complete picture of the differences
in the way in which participants use an intervention,
supplemented by qualitative insights about participants’
subjective experiences of using the intervention [23] and
quantitative data on the effect of the intervention on
health-related outcomes. Further usage of visualization
techniques is highly recommended in order to (1) guide the
design (redesign) of future interventions so that they enable
easy access to valued intervention content, and (2) unlock the
active ingredients in Web-based interventions, so they can be
enhanced to reach and engage the maximum eligible population.
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Abstract

Background: An increasing amount of health care is now performed in a home setting, away from the hospital. While there is
growing anecdotal evidence about the difficulty patients and caregivers have using increasingly complex health care devices in
the home, there has been little systematic scientific study to quantify the global nature of home health care device usability in the
field. Research has tended to focus on a handful of devices, making it difficult to gain a broad view of the usability of home-care
devices in general.

Objective: The objective of this paper is to describe a remote usability assessment method using the System Usability Scale
(SUS), and to report on the usability of a broad range of health care devices using this metric.

Methods: A total of 271 participants selected and rated up to 10 home health care devices of their choice using the SUS, which
scores usability from 0 (unusable) to 100 (highly usable). Participants rated a total of 455 devices in their own home without an
experimenter present.

Results: Usability scores ranged from 98 (oxygen masks) to 59 (home hormone test kits). An analysis conducted on devices
that had at least 10 ratings showed that the effect of device on SUS scores was significant (P<.001), and that the usability of these
devices was on the low end when compared with other commonly used items in the home, such as microwave ovens and telephones.

Conclusions: A large database of usability scores for home health care devices collected using this remote methodology would
be beneficial for physicians, patients, and their caregivers.

(JMIR Human Factors 2015;2(1):e10)   doi:10.2196/humanfactors.4570

KEYWORDS

health care evaluation mechanisms; human-computer interaction design and evaluation methods; patient satisfaction; usability
testing

Introduction

Overview
The usability of technology can be important in the consumer
domain because it can drive adoption and create consumer
loyalty [1]. In the medical domain, however, lack of usability
can cost lives. In 2000, the Institute of Medicine (IOM)
published its seminal report, To Err is Human: Building a Safer

Health System, indicating that over 98,000 lives were lost every
year in the United States alone due to preventable human errors
[2]. Recent reports suggest that this number may have grown
to over 400,000 [3]. Although the IOM report focused on the
errors that were occurring in hospitals, they noted that “…as
more care shifts to ambulatory and home settings, the use of
medical technology by non-health professionals can be expected
to take on increasing importance” [2] (p 63). Indeed, if some
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of the most highly trained medical professionals in the world
are making errors in the treatment of patients, there should be
great concern in the ability of patients and their care providers
to render medical treatment at home without error.

Challenges for home care are rising for multiple reasons. First,
an increasing amount of health care is now done in a home
setting, away from the hospital. From 1995 to 2008, there was
a fivefold increase in the number of patients who received home
health care from Medicaid, with an estimated 12 million people
receiving some form of home health care [4]. Second, this
increase in home health care is being accompanied by ever
increasing levels of technology being used in the home. Third,
the individuals who are expected to use this technology are
likely to be minimally trained, working under stressful
conditions, and may be suffering from age-related declines in
cognitive, perceptual, and physical abilities—circumstances
that can lead to the potential for errors, often with significant
consequences [5].

The United States Food and Drug Administration (FDA) has
also recognized that home health care devices are of growing
importance and concern with the launching of their Medical
Device Home Use Initiative in 2010 [6]. As part of that
initiative, the organization has acknowledged that there are
many benefits of using health care devices in the home,
including cost savings resulting from fewer hospitalization days
and the potential for improvements in the quality of life certain
patients may enjoy because they are in a familiar and convenient
venue as they receive their care. However, they also note that
there are numerous usability issues surrounding the use of such
devices and that these issues need to be systematically
addressed.

Often times the difficulty in home-care device use stems from
the fact that devices that have been designed and certified for
professional medical users are then directly transferred to the
home environment with little regard to the difficulty this might
pose. These kinds of transitions from hospital use to
patient/caregiver use might be more successful if it were
acknowledged that these 2 user populations are different, and
have different needs, and then these differences could be
accounted for in the design process or during the development
of training material. An excellent case in point is the migration
of defibrillator technology from the sole domain of trained
medical professional use to use by a completely untrained
general population. In a study of hospital-grade defibrillators,
experienced emergency medical services personnel made errors
(such as trying to defibrillate before the device was ready and
performing a cardioversion when they intended to defibrillate),
which could cause harm to the patient [7]. This would seem to
suggest that migration of this kind of mission-critical device to
public use would be ill advised. However, after significant
user-centered design work on the development of automatic
external defibrillators (AEDs), studies have shown that untrained
6th grade school children’s performance with the device was
comparable with that of professional paramedics [8]. This
success suggests that with proper care, even complex medical
devices can be made safe and effective for use by relatively
untrained individuals.

Background
For some time now, the anecdotal evidence about the difficulty
of ease of use for home health care devices has been building.
However, there has been little systematic scientific study to
quantify the global nature of the home health care device
usability problem and characterize device usability in a field
situation. Much of the available literature has tended to focus
around a handful of devices, such as pregnancy test kits [9],
cholesterol test kits [10], glucometers, and other diabetes
management tools [11]. Studies typically assess a few medical
devices of a single type in a laboratory setting, making it
difficult to compare usability across studies and devices. It also
makes the pace of adding new usability information about
specific devices exceptionally slow.

There is a growing consensus that the usability of home-care
devices warrants significant additional attention. The
Association for the Advancement of Medical Instrumentation
(AAMI) recently released standards [12] that address the human
factors requirements for highly usable medical devices and the
US FDA has begun to enforce the application of these standards
in the approval process of new devices. Numerous groups,
including AAMI, the US FDA, the National Academies of
Science, and the Human Factors and Ergonomics Society have
held numerous forums, panels, and workshops aimed directly
at the human factors issues associated with home health care,
with the goal of highlighting the importance of the problem and
to disseminate the latest research findings.

One of the key pieces of information that is currently lacking
in this domain is a quantitative assessment of the usability of a
broad range of home health care devices. Designers, physicians,
home health nurses, caregivers, and patients would all benefit
by having a better understanding of how usable (or unusable)
different home health care technologies really are. Physicians
could use the information to make more informed decisions
about what kinds of home health care might be appropriate for
their patient, particularly those who might have physical or
cognitive declines. Home health care nurses could use the
information to determine what devices might need extra
attention when showing a household member how to use that
device. Patients and family caregivers could use the information
to help select home health care devices that had the best usability
profiles. Further, patient compliance and adherence to medical
advice is a known issue [13] and patients and caregivers are
much more likely to adopt and use medical devices if they
believe that those devices will be easy to use [14].

Indeed, poor home health care device usability made it to the
ECRI Institute’s top 10 health technology hazards of 2012 [15].
One of their recommendations was for doctors to consider the
usability of the devices they were going to prescribe for their
patients. However, this information does not currently exist for
the wide variety of home health care devices currently being
used.

There are a number of ways that this kind of usability data could
be collected. Traditional user testing is one important way.
Traditional user testing takes place in a laboratory and involves
bringing in representative users, giving them a task to perform,
and observing their performance as they try to accomplish the
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task on the given product or service. The International Standards
Organization usability metrics [16] of effectiveness (accuracy
and completion of tasks), efficiency (time on task, physical or
mental effort, rate of throughput), and satisfaction are generally
collected and used to assess the usability of the product. This
kind of testing could also take place in a home or hospital setting
or it could take place remotely, with the experimenter
conducting the test from a distant location, while the patient
uses a device in the home. Other evaluation methods, often
described as discount-usability techniques, could also be
employed. In these methods, experts make assessments of the
product or service (without benefit of real users) by employing
a set of usability heuristics and determining how well the
product conforms to those heuristics. The difficulty with these
traditional methods is that they require extensive time to
perform, and so the number of devices that can be evaluated,
as well as the number of users who can evaluate each device,
is greatly limited.

In this paper, we describe a very different method of collecting
data—a remote usability assessment method using a survey that
captures a user’s assessment of the usability of a product or
service, or in this case, a home health care device. The advantage
of using such a method is that it allows for a much broader and
larger sample, and eliminates some of the issues associated with
small usability samples [17]. More users from diverse groups
can be assessed and a greater number of devices can be
evaluated than with traditional methods. More importantly,
users can base their usability assessments on the totality of all
their experiences with the device, rather than a single
in-laboratory interaction. The method can be applied to a
specific brand and model of device (eg, Acme Glucometer
Model X-123) or to a class of devices, without regard to a
specific model or brand (eg, glucometers). Collecting data on
classes of products allows researchers to make more
generalizable assessments of products that might have usability
difficulties due to the nature of the task they perform, or the
technology required to perform that task. While there are
undoubtedly differences in the usability of specific products
within a class, it has been shown that the variance of the
usability scores for classes of items is the same as the variance
observed for usability scores of a specific item [18]. This
suggests that there is general agreement about the average
usability of a class of items. For example, it seems likely that
most readers would agree that a standard touch-tone landline
telephone is easier to use than a handheld global positioning
system navigation system. Indeed, Kortum and Bangor [18]
used this remote method to collect data on 14 different popular
consumer goods (for both specific items and classes of items)
for over 1000 users and found that the method produced reliable
data. Further, Kortum and Peres [19] found that this method is
comparable with usability testing for ordinally comparing the
usability of devices or systems.

Methods

Data Collection
Usability data on home health care devices were collected in
the field remotely, without direct usability testing. Using the

System Usability Scale (SUS), participants were asked to rate
the subjective usability of common home health care devices
with which they had direct experience.

Participants
The participants were 271 undergraduate students at Rice
University (Houston, TX, USA). There were 161 female
participants, 109 male participants, and 1 who responded as
“other” to gender, with an average age of 19.5. Participants
self-selected into the study, and were not recruited or screened
on the basis of having any specific health issues.

Measures
In this study, we used the SUS to assess subjective usability.
The SUS is a 10-item survey instrument developed by Brooke
[20] as an efficient method of determining the usability of a
given product or service. There are a large number of other
surveys available that also measure usability (see [21] for a
review), but the SUS was chosen because it has 5 attributes that
make it ideal for use in this study. First, the survey has
demonstrated that it can be used to assess nearly any technology,
so any number of different devices or interfaces can be assessed
with the same instrument [21]. While many of these evaluated
technologies have been consumer-grade systems, the SUS has
also been used successfully in the medical domain for devices
as diverse as insulin pumps, heart rate monitors, and
glucose-monitoring devices. Second, the SUS has high reliability
and has been used in a large number of studies, and therefore,
its properties are well-known, with well-established benchmarks
for comparative analysis [21-23]. Third, because of its short
length, it can be quickly and easily administered. Fourth, the
survey returns a scored value between 0 (unusable) and 100
(highly usable), which makes the interpretation of the scores
easier for experts and nonexperts alike. Research relating these
scores to easily understandable adjective ratings has made the
interpretation of the scores even easier [24]. Finally, because
the instrument is nonproprietary, it is a cost-effective choice
for researchers to use.

In this study, we used the modified version of the SUS described
by Bangor and colleagues [21]. This version differs from the
original version of the SUS with a simple modification of
question 8 (changing the word “cumbersome” to “awkward”)
to increase its understandability for a broader range of raters.
The SUS was further modified by changing the word “system”
to “medical device” to assist the user in making accurate ratings.
This type of change has been demonstrated to have no impact
on the validity or reliability of the survey instrument [23].

Procedure
Upon signing up for the study, participants were directed to a
website that contained the survey. After completing an
Institutional Review Board-approved consent form, they were
queried about basic demographic information and given general
instructions that described the rating task and provided
exemplars of the kinds of home health care devices that were
of interest. They then selected a home health care device that
they had used from a list (Table 1), which was a subset of home
health care devices described by Story [25]. Because our sample
population comprised relatively healthy students, we only used
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23 of the devices listed by Story [25], excluding those devices
associated with more acute care (eg, nasogastric feeding tubes,
hospital beds). Following this selection, they rated that device’s
usability using the SUS. There was also an option for the
participant to enter any other home health care device they used,
and rate its usability as well. The participant continued rating
until they reached 10 devices or indicated they had no more
devices to rate.

Results

Devices Rated
The participants rated a total of 455 devices. Table 1 shows the
specific devices rated by the participants and the frequency of

the ratings, as well as the mean and standard error of the SUS
scores. As seen in Table 1, the thermometer was rated by the
most participants and had one of the higher average SUS scores
(80.53). The highest SUS score was for the oxygen mask
(95.00), but this was only rated by 2 people. There were 8
different devices that participants listed under “other” and those
were stethoscope, nebulizer, allergy nasal spray, humidifier,
electronic muscle stimulator, electroencephalography (EEG),
intrauterine birth control device, and BAND-AID.

Table 1. Frequency of responses for each device, as well as the mean and standard error (standard error of the mean) of the System Usability Scale
(SUS) for each device.

Standard error of the meanMean SUSaNDevice

0.8880.53227Thermometer

1.7273.5671Blood pressure cuff

2.1575.9762Inhaler

4.2766.7423Pregnancy test kit

4.5867.6616Syringe

5.3469.5812Blood glucose meter

4.8965.0011Epinephrine injector (EpiPen)

4.8171.437Allergy test kit

11.9768.754Drug test kit

6.2571.252Feeding tubes

16.2558.752Hormone test kit

12.5067.502Nebulizer

5.0095.002Oxygen masks

——1BAND-AID

——1Birth control: intrauterine device

——1Catheters

——1Cholesterol test kit

——1Electroencephalography (EEG)

——1Electrocardiogram monitors

——1Electronic muscle stimulator

——1Humidifier

——1Intravenous equipment

——1Nasal spray (allergy)

——1Stethoscope

——1Transcutaneous electrical nerve stimulation equipment

——1Ventilators

aThe SUS scores are not reported for those devices that had only 1 response.

Differences Between Devices
To determine whether there were any reliable differences
between devices in their subjective usability, a one-way analysis

of variance was conducted with the SUS as the dependent
variable and medical device as the independent variable. This
analysis was only done for those devices that had more than 10
responses, which included the following: thermometer, blood
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pressure cuff, inhaler, pregnancy test kit, syringe, blood glucose
meter, and epinephrine injector (EpiPen).

Figure 1 shows the average SUS scores by devices for those
devices that had more than 10 responses. As seen in this figure,
the thermometer had the highest score and the EpiPen had the

lowest. The effect of device on SUS scores was significant,

F6,413=7.27, P<.001, η2=.096, and a Tukey post hoc analysis
found that the thermometer usability was significantly higher
than the blood pressure cuff (P=.014), EpiPen (P=.018),
pregnancy test kit (P=.001), and syringe (P=.02).

Figure 1. Mean System Usability Scale scores by device. Error bars represent the 95% CI.

Discussion

Principal Findings
In this study, we examined the usability of a number of home
health care devices using a field-based retrospective
methodology and the SUS. The study was designed to determine
the usability characteristics of these medical devices in realistic

settings, and set the stage for much larger data-collection efforts
using this method in the future, to much more fully characterize
the usability of home health care devices. This study yielded
several important findings. First, even with this young, healthy,
and well-educated sample population, a wide variety of home
health care devices was used. Second, the usability of these
rated devices covered a fairly wide range, and third, there were
statistically significant differences (see the “Results” section)

JMIR Human Factors 2015 | vol. 2 | iss. 1 | e10 | p.100http://humanfactors.jmir.org/2015/1/e10/
(page number not for citation purposes)

Kortum & PeresJMIR HUMAN FACTORS

XSL•FO
RenderX

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


in the subjective usability ratings given to these different
devices. These findings suggest that this method could be used
to great effect to more fully characterize a broader range of
home health care devices.

Because medical devices in the home are often used in critical
life and death situations and can also be an important part of
maintaining a healthy life, it is essential to understand how
usable these home health care devices are. If a user cannot
successfully use their complex new television remote control,
then the result is simply an inability to watch television. If a
user fails to successfully and correctly use a home health care
device, the impact could be significantly greater, up to and
including death. This study used a convenience sample of young,
well-educated users to make these evaluations. From the results
obtained, it is reasonable to be concerned that people who are
ill and using more complex devices will have similar or (likely)
worse experiences with their home health devices.

Many home health care devices are, in large part, another
consumer item. They are widely available to the general public
and are sold in both traditional brick-and-mortar retail outlets
and through general merchandize online outlets such as
Amazon.com, Inc. Because many of these devices are no longer
the sole purview of specialized medical device retailers, it seems
likely that consumers may view these devices as another
commodity and will make assessments of the usability and
utility of home health care devices in the same way that they
make assessments of other consumer goods. The question of

how the usability of these home health care devices compares
to other common devices used by the general public is
instructive because one would expect (and hope) that home
health care devices would have higher ease of use
characteristics, given the importance of their function. Figure
2 shows how these home health care devices compare to 14
other kinds of commonly used software programs and devices
that were described by Kortum and Bangor [18]. Remarkably,
the rated medical devices are some of the most unusable. As
can be seen, they occupy 5 of the 7 lowest scores, when
compared with these common devices used by the general
public. Only the inhaler and the thermometer score in the middle
of the pack. Of particular note is the rating given to the EpiPen.
This is a device that must be used correctly, at a time and place
not of the user’s choosing, under conditions that can only be
described as exceedingly stressful. Failure to use the device
correctly within a very small time frame can result in death.
There is no time to consult the instruction manual and no time
to call for technical support. And yet, even with this mission
criticality, the device was rated very low in its subjective
usability.

If we plot these devices on the Usability Acceptability Scale
[24], it can be seen (Figure 3) that over half of the rated devices
are in the “marginal” range, with the remaining ones being
judged as “acceptable.” Clearly, no medical device should be
in the “marginal” or “unacceptable” ranges, particularly those
that have life-or-death consequences.
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Figure 2. Comparison of usability ratings for the home health care devices in this study (black bars) and 14 common products described by Kortum
and Bangor [18] (gray bars).
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Figure 3. Usability ratings of the home health care devices plotted on the acceptability scale [24]. Scores below 50 are judged to be unacceptable.

Future Directions
The data show that there is wide variability in the usability of
different home health devices, even among a relatively young,
healthy population of users. Further research needs to be
undertaken to explore how usability ratings may differ by
demographic variables such as health status, age, socioeconomic
status, and education levels. With this expansion in
demographics, the classes of devices that users can rate will
also need to be expanded to accommodate home health devices
that are used more in chronic care (eg, dialysis machines, lift
equipment). This expanded data would also allow for the
construction of more relevant comparisons with the usability
of other home health care devices, rather than just with common

consumer devices, as shown in Figure 2. This would more
accurately reflect the frequency (eg, regular use of an inhaler
and infrequent use of an EpiPen) and nature of the interactions
(eg, critical versus noncritical) that occur with home health care
devices in the field. Further research should also be conducted
to determine whether the adjective rating scales found with
general consumer products (Figure 3) are still appropriate for
home health care devices.

This kind of future research would set the stage for
communicating with physicians, hospitals, and patients about
the specific kinds of home health care devices which have
sufficiently poor usability that their use, as is typically
prescribed, might represent a risk to the health of the patients
using them. From that information, further work can be
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undertaken to determine what could be done to mitigate or
eliminate these risks.

These steps might include working directly with manufacturers
and physicians to identify methods of directly providing
information about the need for increased patient contact and
training when certain classes of devices are prescribed. For
example, it could be that when physicians prescribe the use of
a home health care device, a “usability risk database” is
referenced, which alerts the physician that he or she will need
to follow-up more frequently with patients using these devices.
Manufacturers could communicate with the users of devices
through their instruction books or warning labels to alert users
of low-usability/high-risk devices that “this piece of equipment
must involve extensive training before use in a home health
environment.” In the longer term, a dissemination mechanism,
such as a website, could be constructed such that consumer
groups, physicians, manufacturers, patients, and caregivers
could search for usability information for specific types of home
health care devices (akin to Consumer Reports). This website
could be linked to major sources of medical information such
as WebMD or Wikipedia, making it readily and easily available
when patients and caregivers are making health decisions.

All of these dissemination mechanisms would have the sole
goal of educating critical personnel in the care chain (physicians,
nurses, patients, and patient caregivers) about the usability of
a wide range of home health care devices. Consumers have
ready access to this kind of information for all manners of other
consumer goods, but there is a gap when it comes to many home
medical devices. The method of remotely collecting usability
data described in this paper would allow for the creation of these
kinds of medical device usability information databases. These
databases would, in turn, provide valuable information on the
usability of devices throughout their life cycle.

Although there are many benefits to be derived from a larger
scale collection of subjective usability data for home health care
devices, interpretation of the data must be done carefully. The
correlational relationship between task performance and

subjective usability assessment is not perfect [23]. There may
be cases where devices have acceptable task performance in the
field, but are judged poorly with subjective usability measures.
In this case, the need for further attention to the device would
be captured and the benefits of additional design work could
be measured against the time and cost of modifying a device
that has otherwise sufficient performance properties. More
concerning would be those devices that receive
acceptable-to-high subjective usability scores, but have poor
performance characteristics. In this case, the need for further
attention to these devices might not be noted, because
performance data are not specifically captured in this remote
protocol. Further research should be conducted to determine
the relationship between subjective and objective usability
measures for home health care devices and if there are methods
to accurately capture device performance elements from the
questionnaire format.

Conclusions
Understanding the usability of home health care devices is
important as more health care is pushed into the home. Patients,
who used to be cared for primarily in hospitals or long-term
care facilities, are now routinely sent home with a myriad of
medical devices to manage and treat their conditions. With a
sufficiently expanded data-collection effort, the kind of usability
data described here could be used to impact not only the design
and development of future devices, but also could be used
immediately to help physicians and patients alike make better,
more informed decisions when prescribing or choosing home
health care equipment.

As always, the more information a physician and patient can
share about the patient’s care, the better that care can be. The
continuing transition from hospital care to home health care
means that the usability of devices now used in the home needs
to more fully understood, and this information needs to be
shared, so that care can be delivered in the safest, most effective
possible way.
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Abstract

Background: Sensor-based recordings of human movements are becoming increasingly important for the assessment of motor
symptoms in neurological disorders beyond rehabilitative purposes. ASSESS MS is a movement recording and analysis system
being developed to automate the classification of motor dysfunction in patients with multiple sclerosis (MS) using depth-sensing
computer vision. It aims to provide a more consistent and finer-grained measurement of motor dysfunction than currently possible.

Objective: To test the usability and acceptability of ASSESS MS with health professionals and patients with MS.

Methods: A prospective, mixed-methods study was carried out at 3 centers. After a 1-hour training session, a convenience
sample of 12 health professionals (6 neurologists and 6 nurses) used ASSESS MS to capture recordings of standardized movements
performed by 51 volunteer patients. Metrics for effectiveness, efficiency, and acceptability were defined and used to analyze data
captured by ASSESS MS, video recordings of each examination, feedback questionnaires, and follow-up interviews.

Results: All health professionals were able to complete recordings using ASSESS MS, achieving high levels of standardization
on 3 of 4 metrics (movement performance, lateral positioning, and clear camera view but not distance positioning). Results were
unaffected by patients’ level of physical or cognitive disability. ASSESS MS was perceived as easy to use by both patients and
health professionals with high scores on the Likert-scale questions and positive interview commentary. ASSESS MS was highly
acceptable to patients on all dimensions considered, including attitudes to future use, interaction (with health professionals), and
overall perceptions of ASSESS MS. Health professionals also accepted ASSESS MS, but with greater ambivalence arising from
the need to alter patient interaction styles. There was little variation in results across participating centers, and no differences
between neurologists and nurses.

Conclusions: In typical clinical settings, ASSESS MS is usable and acceptable to both patients and health professionals,
generating data of a quality suitable for clinical analysis. An iterative design process appears to have been successful in accounting
for factors that permit ASSESS MS to be used by a range of health professionals in new settings with minimal training. The study
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shows the potential of shifting ubiquitous sensing technologies from research into the clinic through a design approach that gives
appropriate attention to the clinic environment.

(JMIR Human Factors 2015;2(1):e11)   doi:10.2196/humanfactors.4129

KEYWORDS

depth-sensing computer vision; information interfaces and presentation; Kinect; motor skills; multiple sclerosis; rehabilitation

Introduction

Overview
The recent development of robust depth-sensing cameras for
practically tracking human motion is being rapidly exploited
for the assessment and rehabilitation of motor dysfunction.
Depth-sensing cameras, such as Microsoft Kinect (Microsoft,
Redmond, WA, USA), capture video images in which each
pixel has a three-dimensional position. Processed by advanced
computer vision and machine-learning algorithms, depth videos
enable the quantification of human movement without the need
for marker-based motion capture or gait analysis systems, which
are both expensive and cumbersome [1]. A particular advantage
is that nothing needs to be attached to the patient.

Depth sensing has been used to build a range of health care
applications, including touchless interaction during surgical
image navigation[2], movement rehabilitation for children with
cerebral palsy [3], and improving cognitive performance in
elderly people [4]. Within the domain of multiple sclerosis (MS),
depth sensing has been used to improve posture during exercise
for patients with MS [5] and incorporated into an exercise game
(telerehabilitation system) to encourage balance and sensory
integration [6]. Virtual reality games have also been used to
motivate motor rehabilitation exercises [7].

The use of depth sensing has only recently been extended to
the assessment of motor dysfunction. Although sensing
technology has the potential to increase the reliability and
validity of assessment compared with human observers [8],
achieving the high levels of system accuracy required for
diagnostic purposes has proven challenging. Research has
mainly focused on the validation of Kinect against other
objective measurement systems [9] and its ability to provide
accurate measures for particular conditions [10,11]. Systems
that successfully provide clinical assessment of motor ability
with Kinect remain very much “in progress” [12].

Background
ASSESS MS is being developed to support the assessment of
motor dysfunction in people with MS. As a chronic
inflammatory disease of the central nervous system, MS causes
a variety of symptoms, either in combination or alone. These
include numbness, reduction in motor strength, and cerebellar
dysfunctions as well as cognitive decline. The disease course
is most frequently characterized by relapses in which the
affected person experiences neurological symptoms followed
by extended periods of remission in which symptoms may
improve. Over time, the disease can enter into a progressive
phase in which a steady deterioration occurs. Approximately
15% of MS patients experience ongoing deterioration from
disease onset [13].

The unpredictability of the disease course makes the ability to
track MS particularly useful. The condition is currently assessed
with a standardized rating instrument based on clinical
examination, the Expanded Disability Status Scale (EDSS) [14].
Patients are asked to perform a range of functional exercises,
including stretching out 1 arm to the side and then touching the
nose (finger-nose test) or walking on a pretend tightrope
(tightrope walking). These exercises are summarized into
functional system scores and, together with the ability to walk,
are scored on an ordinal rating scale, from EDSS 0 to EDSS
10. Examinations are usually performed on a yearly basis.
Although the EDSS is a widely used and accepted outcome
measure, it suffers from low intrarater and inter-rater reliability
making disease tracking difficult [15]. The expertise required
also makes it infeasible for health professionals other than
neurologists to perform the examination.

ASSESS MS aims to address this problem by quantifying
changes in motor dysfunction more consistently and with finer
granularity than currently possible. Shown in Figure 1, ASSESS
MS captures depth videos of assessment movements with
Kinect, which were performed by patients in a clinical setting
with the support of the health professional. These are then
processed to classify the severity of motor dysfunction. The
level of accuracy needed for clinical assessment requires specific
attention to the quality of the depth videos captured. Specifically,
a high level of standardization is required.

The inherent unpredictability of hospital environments and the
need for highly standardized data make the step from validating
depth-sensing measures in the laboratory to creating a workable
system in a clinical setting nontrivial [2]. Unintended variability,
whether from inconsistent movement performance or poor image
quality due to variable positioning or unexpected objects in the
background, decreases the likelihood that the vision algorithms
will be able to highlight variability that arises from disease. At
present, there are no studies that show that this step is feasible
for the clinical assessment of motor dysfunction with
depth-sensing computer vision.

A key element of ASSESS MS is the design of both the physical
device and the software application to support high-quality data
capture in the clinical environment. The study presented here
is a mixed-methods empirical evaluation of the usability and
acceptability of these aspects of ASSESS MS. It aims to answer
the following questions:

• Is ASSESS MS usable by health professionals?
• Is ASSESS MS acceptable to patients and health

professionals?
• Are there any differences between neurologists and nurses

in any of the metrics captured?
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Figure 1. ASSESS MS being used to record a finger-nose test while the health professional monitors.

Methods

System Development
ASSESS MS was developed by a multidisciplinary team of
researchers in human-computer interaction, machine learning,
and health professionals caring for patients with MS. A 4-stage,
iterative development process was undertaken to develop the
physical device and software application used to support the
recording and analysis of movements. Its design drew on
multidisciplinary team meetings, design activities, observation
of current clinical assessment practice, and user testing with
healthy volunteers and patients. We first present the problems
noted in the early stages of the project and the resulting design
requirements before presenting the final system design.
Algorithmic development is reported elsewhere [16].

Design Requirements
Observation of clinical routines identified several issues that
needed to be addressed. We observed that a neurologist could
instruct the same movement in different ways. The finger-nose
test, for example, might begin by stretching the hand out to the
side and in other cases stretching the hand to the front before
touching the nose. Clinicians were also observed to adapt the
instructions given to a patient according to their abilities. For
example, while able patients might be asked to bicycle their
legs to assess strength, patients with a degree of disability would
be asked to push their leg against the clinician’s hand.

This kind of variation, although of no consequence to a
neurologist, is problematic for machine-learning algorithms,
which statistically evaluate patients against “known”
characteristics derived from training examples. If a large amount
of variation in movement performance arises from factors other
than those relating to disease state, classification ability
inevitably decreases. The findings emphasized the need to not

only provide cues to standardize the movement, but also offer
discretion for health professionals to omit movements if
necessary, as well as repeat them if performed incorrectly.

We also noted that current examinations are an embodied
interaction between clinician and patient. It was not uncommon
for a clinician to stand in front of a patient and demonstrate the
movement to be performed. A clinician might also touch the
patient to indicate how to do a movement or which side to use.
Most importantly, the clinician may have to stand next to a
patient due to safety reasons. Many of these typical interactions
had the potential to disturb the image captured by ASSESS MS,
either by blocking the camera view or creating a challenge to
distinguish between patient and doctor. At the same time,
appropriate patient-health professional interactions are important
to ensure patients feel safe and cared for.

Not least, the clinical examination is a mobile affair. Patients
can move large distances while performing a movement, such
as hopping on 1 foot. Patients may perform small movements,
adjusting their sitting position, which can lead to limbs being
out of the camera view. In smaller rooms, furniture needs to be
adjusted and the camera moved multiple times between different
types of tests (eg, sitting and standing tests), which can change
the camera view and the placement of the patient in that view.
With all of this movement, it was necessary to achieve as
standard a lateral and depth positioning as possible, to facilitate
the preprocessing of the videos.

This initial work suggested that ASSESS MS needed to support
the following aspects of capture:

• Standardized movement instruction;
• Flexible interface for the health professional to record

movements;
• Facilitated patient-health professional interaction with

maintained image quality; and
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• Precise positioning of the patient.

ASSESS MS Description
ASSESS MS, shown in Figure 2, has a 53.3-cm (21-in)
patient-facing screen used to instruct patients in the assessment
movements. A smaller tablet computer with touch-screen
capability is mounted on a mobile arm at the back of the unit.
This interface is used by the health professional to position the
patient, select the assessment movements to be performed, and
complete the recordings. A remote control enables the health
professional to move freely around the room to support the
patient as needed. The screens sit in an ergonomic box on
wheeled legs for ease of maneuvering with the Kinect mounted
on top.

The health professional interface provides a number of
navigational options. The health professional can play a
movement instruction video, or begin a test. Arrows at the top
of the interface enable the health professional to skip movements
(eg, finger-nose test) or variations of movements (eg, left side,
eyes open). Movements can be repeated by skipping backward.
Each page contains a button, which enables the beginning of a
test, recording of a movement, or stopping of a recording. A
navigational bar at the bottom shows visually which movements
have been captured and which skipped. These are all shown in
the top image of Figure 3.

Precise support for positioning is provided through an easily
maneuverable device used in conjunction with the “positioning”

feature, as shown in the middle image of Figure 3. This screen
provides a view of the depth image stream with a center crossbar
to which the patient should be aligned. It is available before the
sitting and standing components in the test as a full-screen
feature and in a persistent window in the upper-right-hand corner
throughout. The distance of the person from the camera is
indicated below the image. It was intended to reduce variability
in positioning.

Movement instructional videos are provided to standardize
movement performance. They guide the patient, as well as the
health professional, about exactly how to perform the requested
movement. They consist of simple line drawing animations
accompanied by verbal descriptions localized into 3 languages.
The design of the animations was based on the psychology
literature on movement learning, which emphasized simplicity
of representation [17] and the importance of drawing attention
to the most distal point of movement, for example, the hand
when moving the arm [18].

A number of approaches were taken to support the patient-health
professional interaction in light of the instructional videos that
change the nature of this interaction. First, the placement of the
health professional interface is intended to encourage health
professionals to stand to the side or back of the device to avoid
blocking the camera view. Second, automatic recording of
movements was not used to enable appropriate pauses in the
examination to facilitate interaction.

Figure 2. Elements of ASSESS MS, including instructional system, Kinect depth-sensing camera, health professional interface, remote control, and
ergonomic box.
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Figure 3. Screenshots of interface: health professional screen on the left and patient screen on the right. Top, navigational elements; middle, positioning
feature; bottom, movement instructional videos.

Movement Protocol
The movement protocol contained 11 movements depicted in
Figure 4. Of these 11 movements, 6 were chosen from the EDSS
examination to cover the function of the upper and lower
extremities and the trunk. Two activities of daily living

movements, drinking from a cup and turning pages in a book,
were also included. In addition, 3 new movements were defined,
which included finger-finger test, drawing squares, and rotating
on the spot. These were created to capture the upper and lower
extremity functions in a potentially more camera-friendly way.
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Figure 4. The 11 assessment movements in the ASSESS MS movement protocol: truncal ataxia, finger-nose test, finger-finger test, drawing squares,
turning pages, drinking from cup, Romberg test, turning on the spot, hopping on 1 foot, normal walking, and tightrope walking.

Study Design
Health professionals, previously unfamiliar with ASSESS MS,
were asked to use it to examine 4 MS patients following 1 hour
of training. The training covered the importance of standardized
movement performance, the movement protocol, and the features
to promote image quality. A “cheat” sheet was given to all of
the health professionals with the details of the movement
protocol for ease of reference (see Multimedia Appendix 1).
The set of examinations done by a given health professional
took place within a week, and most on a single day.

Patients were included if theyhad a diagnosis of MS and an
EDSS score between 0 and 7. After giving informed, written
consent, patients were randomly assigned to a health
professional. To minimize inconvenience to patients, invitations
to act as participants were extended to individuals already
attending routine clinic appointments during the study period.
Some patients were given an examination with the same
movement protocol [16], within a parallel ongoing trial (n=10),
but none within the previous 3 months. Ethical approval was
obtained in all 3 hospitals.

Outcomes
Usability has been defined by the International Organization
for Standardization in ISO 9241-11 [19] 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.” In this case, we wanted to achieve the
following 4 goals:

1. Complete a full protocol of recordings, repeating, or
skipping movements as necessary.

2. Obtain standardized movement performance from patients.
3. Position ASSESS MS adequately for quality data capture.
4. Ensure the camera view is not blocked by the health

professional.

The context of use is defined as a clinical setting.

We focused on 2 types of users (neurologists and nurses). While
neurologists are the group that currently performs neurological
examinations in clinical trials, it would be more cost effective
if semiautomated examinations could be completed by other
health professionals. These might include nurses, study nurses,
or paramedic staff. As most will be nurses, we refer to them
hereafter as such. Recognizing this range of potential users,
ASSESS MS was deliberately designed for nonexperts with
minimal training.

The way that the ISO definition of usability is tested depends
very much on the technology. We have articulated specific
metrics for effectiveness, efficiency, and satisfaction as detailed
in Table 1 that match the goals of the system and context of use
specified earlier.
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Acceptability is part of the ISO definition of usability under the
term “satisfaction.” However, we take a view of acceptability
more consistent with studies in the clinical domain. We assume
that system acceptance is the trade-off between the benefit
provided and any discomfort that arises, rather than some

inherent good feeling that is gained. It is measured through
willingness for future use, impact on patient-health professional
interaction, and general perceptions of the technology as shown
in Table 1.

Table 1. Description of metrics used for each trait and the data source drawn upon.

Data sourceMetricTraita,b

VideoTask completionEffectiveness

Depth recordingsMovement performance standardization

Depth recordingsAdequate positioning

Depth recordingsClear camera view

Questionnaire (Q1 and Q3)Clarity of task

VideoTime to completionEfficiency

InterviewsPerceived efficiency

Covered by acceptabilitySatisfaction

Questionnaire (Q2)Willingness to use againFuture use

Questionnaire (Q4 and Q5)Attitudes toward human interactionsInteraction

Interviews and videoArticulated changes to patient-health profes-
sional interactions

Patient questionnaire (Q6-Q9) and interviewsDescription of recording tool and associated
issues

Perceptions

aEffectiveness, efficiency, and satisfaction constitute “usability.”
bFuture use, interaction, and perceptions constitute “satisfaction.”

Data Collection
In addition to the depth recordings taken as part of the ASSESS
MS examination, all assessments were video recorded with a
separate digital video camera that captured the way health
professionals and patients interacted in the examination room.

A 9-item questionnaire was given to patients at the end of the
examination. It contained 5 Likert-scale-type questions and 4
free response questions. The Likert-scale questions were
developed by researchers in human-computer interaction (CM
and AS) based on 2 key usability constructs: ease of use and
impact on human interaction. Q1 and Q3, respectively, queried
ease of use of the whole system and its instructional aspects
alone. Q5 and Q4 queried the same for impact on human
interaction. Q2 focused on the acceptability of ASSESS MS as
determined by willingness for future use. Positively and
negatively framed questions were counterbalanced.

Four open-end questions were asked to enable an opportunity
for patients to give a more extensive commentary on their
experience. The first asked patients to characterize ASSESS
MS for another patient in 3 words. The second and third focused
on the most and least helpful aspects of ASSESS MS. The fourth
and final question provided space for any further comments.
Questionnaires were translated into German and Dutch by the
respective clinical teams, and wording for this translation was
agreed internally. Local piloting with patients was carried out
in 1 clinic in which multiple clinician input could not be
obtained.

Health professionals were given a similar 5-item
Likert-scale-type questionnaire after each examination. The
questions were intended to be equivalent to the patient
questionnaire for comparative purposes. Following the
completion of questionnaire by all patients, professionals also
took part in a 15-minute debriefing interview. The questions
were similar to the free response questions given to the patients,
but done in an interview form to enable more extensive
discussion (see Multimedia Appendix 2).

To assess whether the results applied to a wide spectrum of
patients, the EDSS and the Symbol Digit Modalities Test
(SDMT) scores were recorded for each patient. Calculated from
a detailed neurological examination, the EDSS was used to
assess physical disability. The scale includes 20 half steps,
ranging from 0 (normal) to 10 (death due to MS) [14]. The
SDMT was used as a measure of cognitive ability. It examines
information processing speed, visual working memory, and
concentration by primarily assessing complex and visual
scanning and tracking. It ranges from 0 (no correct answers) to
110 (all correct answers) [20].

A technology researcher (KH) was present throughout the study
to manage the questionnaires and interviews as well as any
technical issues that arose. This person did not intervene in the
conduct of examination itself. A clinical researcher (MDS, JB,
SMS, or CPK) was also available for patient or health
professional queries.
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Data Analysis
Videos were coded for task completion. A task was completed
if all recordings were made, repeating and skipping movements
as necessary, without intervention from the researcher. Support
for system crashes was not counted as intervention because
ASSESS MS is still at the prototype stage.

The length of examination was calculated for the first and final
patients of each health professional. “Start time” was defined
by the first keystroke of entering patient information and “end
time” by the completion sound generated at the end of the final
test, rounded to the nearest 5 seconds. Crashes were subtracted
from the overall time from the moment the health professional
realized there was a crash to the time at which he/she was able
to resume. If the first or final patient was wheelchair bound or
had severe cognitive decline identified by the health professional
which changed the length of the examination substantially
(because multiple movements were not performed), the next
examination was used instead.

To test the statistical difference between length of examination
of first and final patients of a health professional and between
neurologists and nurses, we used Student t tests. Three videos
could not be coded due to recording errors, such as missing
beginning or video camera pointing in the wrong direction.

A metric of standardized movement performance was calculated
from review of the depth videos. All sitting movements were
scored for correct directionality of movement, for example,
finger-nose test was performed with the arm to the side rather
than front, and the correct number of repetitions (see Multimedia
Appendix 3). Standing movements were not rated due to
poor-quality images and/or preprocessing elements (eg, head
detection) not yet available. Two people (CM and her colleague)
rated 27 examinations, sampled to exclude the first 2
examinations by the participating health professionals, which
were treated as training cases. Disagreements were resolved
through discussion. Whether the camera view was clear was
coded at the same time as the patient being visible throughout
the entire examination.

The metric for adequate positioning was derived mathematically
during the preprocessing of the depth videos before their usage
in the machine-learning algorithms. In the case of lateral
positioning, we report the number of pixels needed for the head
to be transposed for it to be centered in the image. We
considered anything within half the diameter of the “average”
head size as “good positioning,” as this would enable easy head
detection. The “average” head size in our sample was 56 pixels.
It was calculated by measuring the segmented area on 100
randomly picked processed finger-nose test videos at one fourth
of the image height from the top. This should equate with about
the eye level. For depth positioning, we report distance from
that specified in the movement protocol. Any value within the
diameter of the “average” head size (18 cm) was labeled as good

positioning. This approach accounted for natural movement of
the head.

The Likert-scale questionnaire data were tabulated and
descriptive statistics were used. We considered answers per site
as well as answers in aggregate; Student t tests were used to
compare between sites. One patient’s questionnaire data were
removed, as this patient provided the same answer for all
questions, suggesting a lack of attention to the questions. As
the questions were balanced, both positive and negative answers
would be expected. The responses to the free response questions
(Q7-Q9) were minimal with only 46.4% (71/153) containing
answers. The majority of answers contained only a few words
that were prosaic in nature, for example,“Interesting system.”
These have been included in the reporting of the interviews
when applicable but, for the most part, contributed little to the
data analysis.

The words from the first free response question asking for 3
words to describe ASSESS MS to another patient were grouped
into the following 3 categories: positive (eg, interesting),
negative (eg, slow), and characteristic (eg, computer system).
To gain a more nuance view of how the patients viewed
ASSESS MS, a researcher (CM) and 2 visual designers grouped
the words provided into a word cloud. These were melded into
a visualization by an experienced visual designer. Words that
are larger were those repeated more often (the number is shown
in the visualization). Words on opposite sides of a line were
considered contrasting. No words were deleted from the
visualization so that the viewers might interpret for themselves
the kind of language used to describe ASSESS MS.

The health professional interviews were coded for implicit or
explicit discussions of standardization, patient-health
professional interaction, and system comments. These themes
were chosen after a first listening of the interviews as they
encompassed the data, while providing responses to important
design decisions. The interviews were further understood by
viewing the associated examination videos after listening to the
interviews.

Results

Participants
We recruited a convenience sample of 12 health professionals.
Half were neurologists and half nurses. Participating health
professionals were evenly split across 3 hospital sites in 2
countries. Their specialty and years of experience are presented
in Table 2.

A total of 51 patients were recruited to the study. Slight
over-recruitment (proposed sample n=48) was intended to
address dropout due to patients choosing not to participate on
the day; however, all patients recruited participated. Patients
spanned a wide range of levels of physical and cognitive
disability, as well as age, as seen in Table 3.
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Table 2. Health professional characteristics.

Nurses (n=6)Neurologists (n=6)Characteristics

43.8 (27-61)36.5 (26-53)Age, mean (range), years

6/04/2Gender (female/male)

2.7 (0.5-5)4.3 (0.5-15)Experience with MS, mean (range), years

0.8 (0-4)3.4 (0.5-15)Experience with physical examination, mean (range), years

4 study nurses, 1 clinical epidemi-
ologist, and 1 study coordinator

1 consultant, 2 attending physi-
cians, 2 residents, and 1 medical
student

Professional status

Table 3. Study patient characteristics.

Total patients(n=51)Characteristics

46.0 (23-73)Age, mean (range), years

31/20Gender (female/male)

14.2 (0.5-47)Disease duration, mean (range), years

1/37/7/6Disease course (CIS/RRMS/SPMS/PPMS)a

3 (1-7)EDSS, median (range)

47 (13-79)Symbol Digit Modalities Test, median (range)

aCIS = clinically isolated syndrome; PPMS=primary progressive MS; RRMS=relapsing remitting MS; SPMS=secondary progressive MS.

Usability

Effectiveness
All health professionals were able to carry out the examination
appropriately using ASSESS MS without guidance after the
first examination. This included positioning ASSESS MS,
playing the instructional videos, capturing recordings, or
navigating to different tests and subtests to repeat or skip a

movement. No consistent task errors were identified by either
researcher (CM/KH) involved in the analysis. Movements were
performed by patients according to the protocol in 97.6%
(405/415) of the cases. Most mistakes occurred in the drawing
squares movement, but were not attributable to specific patients
or health professionals. The camera view was never blocked.
As illustrated in Table 4, no differences were seen across clinics
in any metric. There was no substantive difference between
neurologists and nurses.

Table 4. Metrics of usability (effectiveness) for each clinic and the aggregate.

PercentageTotal(n=51)Clinic 3(n=16)Clinic 2(n=18)Clinic 1(n=17)Metric(patients)

10051/5116/1618/1817/17Task completion

97.6405/415113/117150/155142/143Standardized movement performance

10051/5116/1618/1817/17Clear camera view

Patients were laterally positioned consistently, with only 1
(n=368) outside the 28.5-pixel margin. There was less
consistency in the distance between recording tool and patient,
with 134 (n=368) being more than the 18 cm from the
normalized distance. There was a substantial skew of videos
being farther away than the requisite distance, as shown in
Figure 5.

The questionnaire data indicate that both patients and health
professionals gave high scores for ease of use as well as clarity
of instruction as shown in Table 5. Patients gave higher ratings

than health professionals. That said, many of the health
professionals interviewed highlighted that the clear instructions
given by the recording tool and minimal instruction given by
the health professional should be effective in capturing data.
As one health professional said:

“The system makes it easier to explain to the patient and they
are more likely to do it correctly.” (HP7: Doctor)

There were some differences between clinics, with Clinic 1
having significantly lower (P<.001) ratings than Clinic 2 by
health professionals.
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Table 5. Questionnaire data for effectiveness metric.

IdealaTotalClinic 3Clinic 2Clinic 1

Patients

76.6 (0.9)6.7 (0.5)6.8 (0.4)6.3 (1.3)I understood what to do during the study examination,
mean (SD)

76.4 (1.0)6.6 (0.5)6.6 (0.6)6.1 (1.4)The movement instructions given by the recording sys-
tem were clear, mean (SD)

Health professionals

75.7 (1.4)5.4 (1.6)6.7 (0.6)5.0 (1.1)The recording system was easy to use, mean (SD)

75.7 (1.2)5.7 (1.2)6.2 (0.9)5.1 (1.4)The movement instructions given by the recording sys-
tem were clear to the patient, mean (SD)

a1 indicates “strongly disagree” and 7 indicates “strongly agree” (Likert scale).

Figure 5. Histogram of frequency of deviation from normalized point. Lateral deviation is presented in pixels (left) and depth deviation in centimeter
(right).

Efficiency
The mean time to completion for a health professional’s final
examination was 18:59 (mm:ss). There was a significant
decrease in average recording time between the first and final
examination times (P<.001), as shown in Table 6. This suggests
that efficiency increases quickly with minimal experience. There
were no significant differences (First examination: P=.55; Last
examination: P=.91) in the length of examination between
neurologists and nurses.

The recording tool was specifically highlighted as efficient by
a number of health professionals. There was no comment on it
being inefficient. As one health professional said,

“It is quick because it is so structured. What often happens is
that the patient starts explaining things and talking about
problems and it takes ways longer. If you follow it, you’re
finished in 15-20 minutes. It keeps the focus on what matters.”
(HP12: Nurse)

Table 6. Mean examination length of the first and final examinations of all health professionals and of nurses and doctors separately.

Final examinationMean (SD) (mm:ss)First examinationMean (SD) time (mm:ss)

18:59 (02:50)26:55 (04:33)Health professionals

18:52 (03:50)27:45 (04:28)Doctors

19:05 (01:41)26:06 (04:53)Nurses

Acceptability

Future Use
Patients disagreed with the statement that they would not like
their health professional to use this system in future suggesting
that it would be acceptable to use. Health professionals had a

more varied view, but with aggregate scores that would still
suggest acceptability (Table 7). One health professional opposed
future use and gave very low scores. With no examination
experience, health professionals found it challenging to manage
both the patient and the technology, despite completing the
recordings successfully.
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Table 7. Questionnaire data for acceptability metric (future use).

IdealaTotalClinic 3Clinic 2Clinic 1

Patients

12.0 (1.8)
(n=51)

1.5 (1.5)
(n=16)

2.0 (2.0)
(n=18)

2.5 (1.7)
(n=17)

I would not like my health professional to use the
recording system during my future examinations,
mean (SD)

Health professionals

75.2 (1.6)
(n=12)

4.8 (1.2)
(n=4)

6.8 (0.7)
(n=4)

4.1 (1.4)
(n=4)

I would use the recording system in future exam-
inations, mean (SD)

a1 indicates “strongly disagree” and 7 indicates “strongly agree” (Likert scale).

Human Interaction
The recording tool did not make either patients or health
professionals feel awkward. The highest ambivalence came

from patients and health professionals with regard to the
instructional aspects of the recording tool. These 2 questions
had the highest level of variability with a greater number of
patients providing a neutral answer (Table 8).

Table 8. Questionnaire data for acceptability metric (interaction).

IdealaTotalClinic 3Clinic 2Clinic 1

Patients

12.3 (1.6)

(n=51)

2.7 (1.7)

(n=16)

1.6 (1.2)

(n=18)

2.5 (1.8)

(n=17)

I prefer my health professional to
demonstrate the movements, mean (SD)

11.6 (1.4)

(n=51)

1.1 (0.3)

(n=16)

1.8 (1.7)

(n=18)

1.8 (1.3)

(n=17)

The recording system made me feel
awkward or uncomfortable, mean (SD)

Health professionals

13.4 (1.7)

(n=12)

4.1 (1.0)

(n=4)

2.3 (1.6)

(n=4)

3.7 (1.7)

(n=4)

I prefer to demonstrate the movements
to the patient myself, mean (SD)

12.0 (1.0)

(n=12)

2.4 (1.4)

(n=4)

1.4 (0.8)

(n=4)

2.1 (0.2)

(n=4)

The recording system made me feel
awkward or uncomfortable, mean (SD)

a1 indicates “strongly disagree” and 7 indicates “strongly agree” (Likert scale).

Early testing of the prototype with neurologists suggested that
some felt that ASSESS MS usurped their role, as articulated in
the following quotation, and might pose an issue to acceptability:

“Usually everything that the computer tells the patient is
something that you tell the patient as a physician, so the
interaction is somehow reduced because you let the computer
talk...I am used to tell the patient exactly what I want them to
do so I can see what I want to see. There is nothing a physician
needs to do. It is something that my assistant could do.” (Doctor)

We found similar sentiments in this study as well, formulated
in different ways. One neurologist reflected on the feeling of
loss of the physical connection with the patient that would
normally be gained through touching the patient during the
examination. Another neurologist discussed the disruption to
her rhythm, saying “I have my rhythm, an interaction with just
me and the patient. Here we have the third component...It’s a
threesome.” A third neurologist spoke about an inability to move
freely about the room as ASSESS MS occupied the limited floor
space. A fourth neurologist spoke about the loss of the creative
process of medicine, suggesting that this test could be done by
assistants.

Despite these initial discomforts mentioned, neurologists adapted
quickly to engaging with the patient while using ASSESS MS.

Several neurologists noted that they said more than they needed
to in the beginning, but decreased their verbal speech with time.
As one said,

“The last patients understood the instructions better so I did not
say anything and they did it well.” (HP11: Doctor)

Others felt that an examination was more personal if they spoke
more often.

“I think I explain a bit more than necessary...Sometimes I just
repeat what has already been said [by ASSESS MS]. I think
sometimes the patient would have been able to just understand
it just by listening. I personally think that it is somehow more
personal if I say it again or point out what could have been
important.” (HP6: Doctor)

In all cases, the doctors spoke less over time, with many using
substantial body language, such as exaggerated nods or smiles
to replace verbal interaction. Reflection on the videos suggests
that all doctors had found an examination rhythm by the third
patient. This was often gained through pre-emptively instructing
the patients in the aspects of the movements that needed to be
standardized.

Nurses did not have the same feelings and raised no comparable
comments about using ASSESS MS. They took a different
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perspective on the instructional videos. Most mentioned the
dual role of the video in advising them as well as the patient as
to what to do. This is illustrated by requests from 3 nurse
participants to have protocol information verbally included in
the movement descriptions, such as “With the feet on the floor,
raise your arm out to the side...” The nurses easily found a
balance between interaction with the patient and ASSESS MS.

Perceptions
Patient and health professionals were overwhelmingly positive
when asked to give 3 words describing ASSESS MS. Upon

tabulating the individual words patients used to describe
ASSESS MS, 78 were found to be positive (eg, simple), 12
negative (eg, slow), and 29 characteristic (eg, computer system).
For the health professionals, there were 19 positive, 2 negative,
and 5 characteristic words. Figure 6 provides a visualization of
all of the words used by patients to describe ASSESS MS. The
feedback of the health professionals focused mainly on specific
technical fixes (eg, the improved phrasing of a particular
movement instruction). No negative feedback was given during
the interviews.

Figure 6. Word cloud of patientsâ€™ descriptive words of ASSESS MS.
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Discussion

Principal Findings
The ASSESS MS is a system to support the assessment of motor
dysfunction in patients with MS using depth-sensing computer
vision. It aims to provide a consistent, quantified metric of motor
ability to enable finer-grained tracking of disease progression
than currently possible. ASSESS MS has been designed to
facilitate more standardized data capture to support movement
analysis by the machine-learning algorithms, while being both
usable and acceptable by patients and health professionals in
clinic settings. Our results show high levels of usability and
acceptability by both patients and health professionals. There
was little variation in results across the 3 participating centers,
and no differences between neurologists and nurses.

The study suggests that ASSESS MS is usable. It is effective
in that all health professionals were able to complete the
recordings, with high levels of standardization of movement
performance, lateral positioning, and clear camera view. It was
also perceived as easy to use by both patients and health
professionals with high scores on the Likert-scale questions and
positive comments being provided during the interviews. The
variation achieved in the patient population indicates that
patients’ level of physical (EDSS range from 1 to 7) or cognitive
(SDMT from 13 to 79) disability does not change the
effectiveness of the tool.

The only aspect of ASSESS MS that was problematic was the
distance positioning. Closer inspection of the videos suggested
that distance was frequently gauged through physical landmarks
in the room (eg, wall), rather than the distance provided on
screen. Clinic 2, which had room furniture at the correct
distances to facilitate alignment had the highest consistency of
depth positioning, placing ASSESS MS in front of a bookcase
for the sitting exercises and then against a desk for the standing
exercises. This suggests that the physical properties of the room
should be reviewed and highlighted in the training when a new
site is trained to use ASSESS MS.

ASSESS MS also seemed to be reasonably efficient with the
average time under 20 minutes and decreasing with use. Because
the examination did not incorporate the complete EDSS, no
direct comparison was possible. The lower bound of completion
time, about 13 minutes, suggests that the test may be completed
in less time with further emphasis on speed. That health
professionals felt it was efficient is also important.

ASSESS MS was acceptable to patients on all dimensions
considered, including future use, interaction (with health
professionals), and perceptions. There was little variation of
scores, with most clustered at one end of the Likert-scale and
with a very few at the opposite end. This suggests that most
people had high acceptability and a small number would not
use it, but there was little ambivalence. There was no clear
pattern of those who opposed it, for example, by age or level
of disability. Variations in attitudes to new technologies,
including negative perceptions, are predicted by models of
staged technology adoption [21]. The word descriptions of

ASSESS MS were overwhelmingly positive. These results
strongly suggest that ASSESS MS is acceptable to patients.

Health professionals also accepted ASSESS MS, but with greater
ambivalence. Clinic 1 seemed to have particularly low scores,
which we attribute to experiencing the most technical issues,
such as the disconnection of the Kinect camera feed from the
application that required a restart by the supervising technology
researcher (KH). It was interesting that the 2 professionals who
were new to MS had no difficulty performing the test with
movements that they did not know. Two other health
professionals with little or no examination experience in any
area of medicine, however, were more uncomfortable. Training
in examination skills should also be provided for those without
previous experience.

There were no differences between neurologists and nurses in
any quantitative metric analyzed, including length of
examination. The only difference lay in attitudes. Neurologists
found it initially uncomfortable to work with this
semiautomated, highly standardized system, whereas nurses
welcomed the support the system provided. That said,
neurologists used their examination skills to pre-empt potentially
incorrectly performed movements building an interaction around
achieving standardized movement performance. We would
suggest that ASSESS MS is particularly well suited to health
professionals other than neurologists, but is flexible enough to
be used by any health professional.

These findings indicate that ASSESS MS in its current version
is both usable and acceptable. It can be deployed to new sites
and used by a range of health professionals with just 1 hour of
training. This stands in contrast to current tools, such as the
EDSS, which require a standardized training and an experienced
background in clinical neurology. As such, ASSESS MS has
the potential for inexpensive, widespread use.

Anecdotal Lessons
The training process gave substantial insight into how health
professionals came to understand ASSESS MS. It worked best
to provide a simple characterization of how the machine learning
worked as a process of comparison between new data and past
patients that it had “seen.” This meant that if a patient “looked
like” they had a given disability level, then they would be
labeled as such, irrespective of whether that was because they
actually had that level of dysfunction or because they did not
perform a movement correctly. Providing this fairly simple
account of how ASSESS MS works was motivating for the
health professionals in trying to achieve standardized data.

We also found that a small change to the way the movement
protocol was introduced, by asking health professionals to
perform it as opposed to watch it, increased confidence. That
said, the movement protocol was the most challenging part of
the health professionals’ learning curve, and perhaps not
captured in the system-oriented measures in this paper. There
were numerous questions about how to perform the protocol
and the availability of one of the clinical researchers to correct
errors between examinations was welcomed. When considering
training in future, the availability of such a person should be
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included, and the greater emphasis on the movements as opposed
to system use should be considered.

Limitations
Usability is only generally specified, with specific metrics
required for each technology being assessed. We could have
assessed many aspects of ASSESS MS, but have focused on
ones that we think are critical to producing a workable system
for both health professionals and data engineers. As a novel
technology that aims to achieve something very different than
the status quo, a direct comparative is not available. As such,
what constitutes a “good” result can be disputed. It is difficult,
for example, to provide an exact bound on what is acceptable
positioning or a necessary percentage of standardized movement.
That said, we know that these elements are essential to the
system and want to continue increasing these numbers.

The choices made for measures matched the design criteria of
ASSESS MS, but technology moves quickly. The original
Kinect is no longer on the market, for example, and the
machine-learning algorithms will continue to develop. Further,
ASSESS MS focuses only on a subpart of current disability
measurements and some of our results (eg, standardized
movement performance) apply only to sitting movements. While
the specific results offered in this paper give insight into usage
and perception that are unlikely to change dramatically, the
quality of the data produced needs to be continually assessed.
New techniques to continually evaluate a system as changes are
introduced are needed to provide sustained evidence of usability
[22].

In addition, no testing was performed with participants with
severe visual or hearing loss, although we would expect the
health professional to play a mediating role in these situations
if extra help is required.

Comparison With Previous Work
There are a growing number of computer-assisted and
sensor-based applications that support clinical assessment and
rehabilitation for MS patients. These include social gaming
[23], exoskeletons [24], and virtual environments [25]. More

recently, a number of depth-sensing computer vision
applications for MS rehabilitation have also been evaluated (eg,
[7]), which show both successful implementation and good
acceptability by patients.

Sensor-based recordings of human movements are becoming
increasingly important for assessment of symptoms in different
neurological disorders in addition to the strides made in
rehabilitation [26]. In MS specifically, body-worn motion
sensors can detect mobility difference between healthy
volunteers and patients with early stage MS better than
traditional time tests [27]. Accelerometers have also been used
to measure both physical activity and walking mobility in MS
patients [28]. Most recently, an accelerometer built into an iPad
has been used for gait and balance analysis [29]. There are also
initial findings about the use of depth sensing for carrying out
gait analysis in MS patients [30]. Sensing technology to support
patients with other conditions that cause motor dysfunction is
also being developed [31].

Despite initial research in the area, applications that use sensing
(vision or other) for clinical assessment have not been deployed
in clinical settings. This study shows that attention to the clinical
environment in the design process can make these new
approaches to medicine a reality.

Conclusions
Depth-sensing computer vision has been rapidly adopted to
form the core of a range of innovative health care applications
for the clinical assessment and rehabilitation of movement
ability. There are now increasing numbers of examples of the
commercialization of such ideas for rehabilitation. Yet, clinical
assessment has been a greater challenge, with the need for
greater precision of measure, and hence lower variability in the
data.The creation of ASSESS MS, as part of one of the first
projects in this domain, shows that careful attention to
deployment makes it possible to collect sensor data of a quality
needed for clinical assessment. Moreover, it can be done in a
way that is suitable to wide-scale deployment and acceptable
to patients. These results open the door for greater development
in depth-sensor-based assessment of movement disorders.
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Abstract

Background: eHealth systems and applications are increasingly focused on supporting consumers to directly engage with and
use health care services. Involving end users in the design of these systems is critical to ensure a generation of usable and effective
eHealth products and systems. Often the end users engaged for these participatory design processes are not actual representatives
of the general population, and developers may have limited understanding about how well they might represent the full range of
intended users of the eHealth products. As a consequence, resulting information technology (IT) designs may not accommodate
the needs, skills, cognitive capacities, and/or contexts of use of the intended broader population of health consumers. This may
result in challenges for consumers who use the health IT systems, and could lead to limitations in adoption if the diversity of user
attributes has not been adequately considered by health IT designers.

Objective: The objective of this paper is to propose how users’ needs and competences can be taken into account when designing
new information and communications technology solutions in health care by expanding the user-task-context matrix model with
the domains of a new concept of eHealth literacy.

Methods: This approach expands an existing method for supporting health IT system development, which advocates use of a
three-dimensional user-task-context matrix to comprehensively identify the users of health IT systems, and what their needs and
requirements are under differing contexts of use. The extension of this model involved including knowledge about users’
competences within the seven domains of eHealth literacy, which had been identified based on systematic engagement with
computer scientists, academics, health professionals, and patients recruited from various patient organizations and primary care.
A concept map was constructed based on a structured brainstorm procedure, card sorting, and computational analysis.

Results: The new eHealth literacy concept (based on 7 domains) was incorporated as a key factor in expanding the
user-task-context matrix to describe and qualify user requirements and understanding related to eHealth literacy. This resulted
in an expanded framework and a five-step process, which can support health IT designers in understanding and more accurately
addressing end-users’ needs, capabilities, and contexts to improve effectiveness and broader applicability of consumer-focused
health IT systems. It is anticipated that the framework will also be useful for policy makers involved in the planning, procuring,
and funding of eHealth infrastructure, applications, and services.

Conclusions: Developing effective eHealth products requires complete understanding of the end-users’ needs from multiple
perspectives. In this paper, we have proposed and detailed a framework for modeling users’ needs for designing eHealth systems
that merges prior work in development of a user-task-context matrix with the emerging area of eHealth literacy. This framework
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is intended to be used to guide design of eHealth technologies and to make requirements explicitly related to eHealth literacy,
enabling a generation of well-targeted, fit-for-purpose, equitable, and effective products and systems.

(JMIR Human Factors 2015;2(1):e9)   doi:10.2196/humanfactors.3696
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Introduction

A major factor identified as a point of failure in the development
and implementation of health information systems is limited
understanding of users, their needs, and the contexts in which
the systems are used. Measurable benefits from involving users
in the design and development of information technology (IT)
have been demonstrated in some studies [1]. However, the
comparison of outcomes across these studies is often
problematic due to the different ways users are defined, engaged,
and the degree to which they are involved in real-world settings.
Importantly, this has tended to obscure the way in which
different users’needs, capabilities, and contexts have an impact
on the safety and usability of eHealth systems. Because eHealth
systems increasingly focus on enabling autonomous use by
health consumers, the implications of these differences for
patient safety require even closer attention and investigation.

For health consumers, access to networked information
technologies has primarily emerged as a way of either
complementing or by-passing conventional sources of
health-related information. These technologies are increasingly
being used to share health information, personal experiences,
and knowledge of medications and medical services, as well as
to offer support and the tracking of personal health care [2].
The capacity of health consumers to successfully use these
systems links back to the classical problem of communication
and challenges arising from any misalignment in the
communication triangle (the sender, the message, and the
recipient) [3]. When health IT is used for information and/or
communication (the message), outcomes rely heavily on an
alignment of the system’s (the sender’s) capability to address
and acknowledge the health consumer’s (the recipient’s)
attributes. From the user perspective, the consumer needs to
possess both the confidence and skills to acquire information,
understand it, and actively appraise it [4]. When using digital
media, this means that the consumer needs to be eHealth literate
[5].

From a health IT design perspective, to ensure that systems
have a high level of usability (ie, high efficiency, effectiveness,
and generate satisfaction for users) [6], it is necessary that the
needs, capabilities, and contexts of use of these users are known
and incorporated into the IT design. For more than a decade,
different approaches have been taken to illuminate the users’
interaction with IT systems (eg, by assessing their digital literacy
or confidence in these systems) [7-9]. In 2006, Norman and
Skinner [10] proposed a model of eHealth literacy, taking six
core literacies (ie, traditional, media, computer, information,
science, and health literacy) into one concept, defined as “an
individual’s ability to search for, successfully access,
comprehend, and appraise desired health information from

electronic sources and to then use such information to attempt
to address a particular health problem”. They also developed
the eHealth Literacy Scale (eHEALS) instrument [10] that can
be used to measure eHealth literacy. However, transformation
of health IT from simple and static websites (Web 1.0) to more
complex and dynamic applications, online services, and social
media (Web 2.0) has superseded the original conceptual base
of the eHEALS and other instruments [11].

As private sector providers have entered the social media market
to deliver support to patients online [12], other trends highlight
the negative impacts of eHealth arising from misinformation
[13] and/or reinforcement of negative behaviors [14], ultimately
compromising the consumers’ safety.

This calls for new ways for providers to address their consumers
being aware of their needs and capabilities. In response to these
challenges, we have developed a new concept of eHealth literacy
to be reported in detail in due course.

This paper presents a framework grounded in a multidisciplinary
approach that supports the modeling of user requirements and
understanding of their needs by integrating a new concept of
eHealth literacy with an expanded user-context-task matrix
advocated for safe eHealth systems design.

The framework presented is structured as a five-step process
aimed at supporting eHealth system designers to improve their
understanding and more accurately address end-users’ needs,
capabilities, and contexts of use to improve the effectiveness
and broader applicability of consumer-focused eHealth systems
and applications. Using this framework during design will make
requirements related to eHealth literacy explicit and contribute
to the delivery of better-targeted, fit-for-purpose, equitable, and
safe eHealth applications and systems to maximize consumer
empowerment and health outcomes while reducing health
inequalities. It is also anticipated that the framework will raise
awareness of eHealth literacy issues among policymakers
involved in the planning, procuring, and funding of eHealth
infrastructure, applications, and services.

Methods

eHealth Literacy Concept Development
Although the focus of this paper is on presenting a framework
for understanding users’ needs to enhance eHealth systems
design, it is useful to briefly describe the fieldwork approach
that led to the development of the new concept of eHealth
literacy used within this paper.

The key points of the new “eHealth literacy” concept are based
on a highly structured and rigorous approach to questionnaire
development—the validity-driven approach [15]. This is the
same methodology that was used in the development of the
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Health Literacy Questionnaire [16] and in numerous other
widely used questionnaires [17-21].

Between June and August 2012, eight consultation sessions
were conducted by two of the authors of this paper (ON and
RHO) with participation of computer scientists, academics,
health professionals, and patients recruited from patient
organizations and primary care. During each session, a concept
map was constructed based on a structured brainstorm
procedure, statement generation, card sorting, and computational
analysis [22]. A total of 458 statements were grouped into 68
clusters initially using hierarchal cluster analysis based on the
participant sorting data undertaken in each session. Finally,
qualitative synthesis was applied to reduce the clusters to
smallest number of conceptually distinct concepts of eHealth
literacy (Textbox 1). The results were confirmed by an
Internet-based consultation with stakeholders.

The resulting seven domains were further grouped and reflected
three overarching themes related to end users and technology.
The first theme (capabilities) was the end-users’ capabilities

within the areas of health, information, and technology; the
second theme (access to technologies) was the end-users’
relationship to, or perceptions relating to, interacting with
technology—more specifically, whether technology was
perceived as being accessible and suits individual needs; and
the third theme (experience using technologies) was the
experience of benefits of using technology including being in
control.

The concept is not only a template for an ongoing development
of a new eHealth literacy instrument but also a model grounded
in the experiences of modern-day IT users.

As a result, the seven domains of this eHealth literacy concept
could be integrated with conventional IT design processes to
enhance the understanding of users’ needs among designers of
eHealth systems and applications. The next section of the paper
focuses on the integration of the new eHealth literacy concept
(encapsulated in the seven domains described in Textbox 1)
with the expanded user-task-context matrix.

Textbox 1. A new concept of eHealth literacy.

1. Capabilities

Knowledge about one's own health (Domain 1)

Know about the body’s basic functions and structure and own current health status. Aware of risk factors and how to avoid them or reduce their
influence on own health.

Ability to interact with information (Domain 2)

Able to read, write and remember, apply basic numerical concepts, and understand context-specific language (e.g., health, IT or the user’s native
language, as well as critically appraise information. Know when, how and what information to use.

Ability to engage with technology (Domain 3)

Being comfortable using computers and other digital media for handling information.

2. Access to technologies

Access to technologies that work (Domain 4)

Have access to technologies (e.g. computers and other digital media) that the users trust to be working when they need it and as they expect it to
work.

Access to technologies that suit individual needs (Domain 5)

Have access to technologies that are adaptable to the specific needs and preferences of the users. This includes responsive features of both
technologies and the healthcare system (including carers) as well as adaptation of devices and interfaces to be used by people with physical and
mental disabilities.

3. Experience using technologies

Feel that using technologies is beneficial (Domain 6)

Feel that engaging in the use of technologies will help them to manage their health more effectively than by other means.

Feel in control and secure when using technologies (Domain 7)

Feel that you have the ownership of personal data stored in the systems and that the data are safe and can be accessed only by people to whom
they are relevant (own doctor, own nurse etc.).

A Framework for Design: Extending the
User-Task-Context Matrix With eHealth Literacy
Kushniruk and Turner [23] proposed a concept of a
user-task-context matrix to help guide health IT system
designers and developers regarding the gathering of user
requirements, selection of end users for participatory design as

well as for testing and evaluating resultant health IT systems
(Figure 1).

Building on the conventional user-task matrix, a standard
framework used in development of IT systems for modeling
users and the tasks they are expected to be able to carry out
using a new technology was developed previously [24].
Kushniruk and Turner [23] proposed that to adequately address
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safety and quality concerns in health IT, a third dimension was
required: the context of use of a health IT system. The original
two-dimensional user-task matrix has been successfully applied
in IT design and has been described in detail by Hackos and
Redish [24] and is part of the human-computer interaction
literature. However, in health care settings, in addition to
consideration of the user and tasks, the context of use has a
significant impact on whether a particular class of user can carry
out specific tasks successfully or not using a particular device
or information system. “Context” refers to the setting or
conditions under which the technology is used; for example, is
a system used under urgent or nonurgent conditions? Or is it
used in a clinical setting, at home, at work, or while traveling?
The “class of user” refers to the generic type of users of an
eHealth application, that is, users who share basic characteristics
(eg, users of a particular age group or patient users having a
specific disease) [23,24]. While designing eHealth applications
it is important to have adequate knowledge about all the major
types (or classes) of users to target and tailor the eHealth
application to meet the needs of each class of users (as different
classes of users will have different information needs,
understanding of health, and information-processing
capabilities). The work of Kushniruk and Turner [23] extends
and expands the concept of the user-task matrix to consider the
key aspect of context of use. The user-task-context framework
has also proven useful in the modeling of user requirements for
different health care applications, mostly involving development
of systems for health professionals [25,26].

In the context of the development of IT and applications for
patients and other health consumers, it is especially important
to add the concept of eHealth literacy to the user-task-context
matrix in order to create an expanded framework. However, the
existing concept of eHealth literacy proposed by Norman and
Skinner [5] and subsequently elaborated by Chan and Kaufman
[27] does not cover the consumer competences required for end
users to benefit from and/or have the ability to interact
meaningfully with contemporary eHealth systems.

However, with our new modern concept of eHealth literacy, it
is now possible to integrate eHealth literacy and the user’s
competence into the user-task-context matrix, which makes it
possible to generate a framework for health IT design that
captures a diversity of consumer-related aspects.

The original empirical work that led to this new redefined
eHealth literacy concept was intended to highlight to a broad
group of potential stakeholders (policymakers, health care
providers, clinicians, system designers) the diversity of end-user
capability, access, and experience with IT systems. However,
further analysis of the concept with regard to the
user-task-context matrix revealed that it is possible to extend

this matrix to produce a design framework that would enhance
consideration of end users in consumer health IT design
processes (Figure 2).

Figure 2 illustrates how the seven domains of the eHealth
literacy concept relate to the user-task-context matrix model to
generate a framework for design. User interactions with digital
services always take place in a context of use, illustrated by the
large outer circle. The use of digital services is mediated through
tasks to be performed and these must be encoded by developers
into health IT systems. The services of these health IT systems
must, in turn, be intelligible to end users who require the
knowledge and skills to find, understand, interpret, and decide
how to respond to these outputs (domains 1, 2, and 3). More
specifically, the framework highlights that domains 6 and 7 (in
the intersection between users and tasks) rely on a detailed
understanding of the factors that designers can use to motivate
end users and enforce their behavior in the direction of being
more self-directed, and domains 4 and 5 require designers to
focus primarily on systems and tasks to ensure they can
accommodate and support a variety of types of user access and
diverse users’ needs. Based on this expanded framework, it is
proposed that the concept of eHealth literacy adds value to
health IT design processes in at least three ways:

• During requirements gathering, an approach underpinned
by principles can be applied to propose, discuss, and test
assumptions about the characteristics and capabilities of
end users of eHealth systems and applications.

• During participatory design, the selection of participants
(users) can take into account the level of eHealth literacy
possessed by a broad range of users of the proposed system.

• The potential range of users, defined in terms of eHealth
literacy capability, is considered explicitly when modeling
user requirements and/or more specifically envisioning
classes of end users of the system or application.

Although it is acknowledged that eHealth literacy is not the
only important dimension or factor that needs to be considered
in the development of effective consumer-focused health IT
systems and applications, we argue that it is foundational and
a critical success factor and that not considering end-user
eHealth literacy levels may increase safety risks and/or risks of
poor outcomes. Other factors in design are consideration of
user-specific information architectures and navigational issues,
with a growing body of literature addressing the options
regarding choices for how to best display information to eHealth
consumers and development of guidelines for creating eHealth
applications; however, this is out of scope of this paper. The
next section illustrates how the framework can be utilized during
requirements gathering for the development of
consumer-focused eHealth systems and/or applications.
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Figure 1. User-task-context matrix for health information technology systems design (adapted from Kushniruk and Turner [23]).

Figure 2. Framework for Design: Expanded User-task-context matrix incorporating eHealth literacy.
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Results

An Iterative Five-Step Framework for Understanding
Users’ Needs

Overview
The aforementioned description illustrates that it is possible to
integrate the new eHealth literacy concept (and its 7 domains)
with an expanded user-task-context matrix to describe and
qualify user requirements and understanding. This section
presents the resulting framework that has been produced and
structured as a five-step process aimed at supporting eHealth
system designers to improve their understanding and more
accurately address end-users’ needs, capabilities, and contexts
of use to improve the effectiveness and broader applicability of
consumer-focused eHealth systems and applications.

The following description presents the framework and each of
the five steps within it. It highlights that within the framework,
generic requirements-gathering approach can be used to enhance

understanding, modeling, and reasoning about end-user profiles.
Providing designers with personas and/or vignettes can enable
them to visualize and understand the particular needs of the
span of users. Similarly, specification of requirements can fit
into current innovation models such as participatory design [28],
rapid contextual design [29], or the biodesign innovation process
[30]. The approach can also be recommended when known
technologies are planned to be applied in new settings to ensure
that the technology can meet users’capabilities and expectations.
The iterative five-step framework includes and expands on the
basic steps described by Hackos and Redish [24] for developing
a user-task matrix: specifically starting with brainstorming a
list of users, creating an initial matrix, and then testing
assumptions about users. In the following description, these
steps are elaborated to include the consideration of a third
dimension—that of context, and to also explicitly highlight
consideration of eHealth literacy within the framework when
modeling users of health technologies. The steps involved are
illustrated in Figure 3 and are described as follows:

Figure 3. Information technology requirements gathering flowchart.
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Step 1: Assembly of a Brainstorm Group

Overview

This step consists of two processes. The first involves
constituting a group of professionals capable of leading the
whole process of requirements gathering. The size of this group
should be approximately 8 persons as this will be easier to create
a team with trust among the participants. The second involves
recruitment of a reference panel.

Developers

An initial group with competences within the area for which
the requirements are built is assembled. This group should
consist of people trained in health informatics, computer science,
health care, and behavioral sciences. This group will lead the
process including recruitment of a reference panel consisting
of end users.

User Panel

Recruitment of a reference panel. This panel is most effective
when the members are typical end users (laypeople), rather than
informed and engaged patients, such as those who may already
be active members of patient organizations. The panel will be
used in Steps 3.3 and 5 and ideally would consist of 50-150
persons with very wide eHealth literacy levels. However, it
should be noted that practical constraints may limit the number
of available participants to a smaller number.

Step 2: Development of an Initial List of User
Characteristics, Potential Tasks They Would Be Expected
to Carry Out, as well as Consideration of Different
Contexts of Use
For each user, the profile, role, and rights are described. A role
can be doctor, nurse, patient, relative, citizen, for example.

In a second iteration, a similar approach can be used with respect
to the rights in the system (eg, administrator, superuser, user,
supporter). However, in most systems and applications in health
care, the professional identity is more important than the rights
because consumers, patients, and citizens will expect more
rights, and the ability to grant permission to other actors, such
as their health professionals and relatives.

In a third iteration, these initial profiles should be aligned with
the tasks to be solved and the context (eg, how should the
individual profiles act together as collaborators or providers
and receivers of services). A key aspect of Step 2 is the
preliminary identification of the different categories of end users
of the system or application and development of user profiles
for each of these categories.

Step 3: Creation of an Initial User-Task-Context Matrix

Overview

Preliminary ideas from Step 2 are formalized across the
user-task-context matrix formalism (as shown in Figure 1). As
there are three main dimensions, this step involves three steps
(Steps 3.1, 3.2, and 3.3).

Steps 3.1 and 3.2 provide a description of how the associated
domains of eHealth literacy are used to qualify the understanding
of needs and how a requirement specification is produced,

respectively. In Step 3.3, an evaluation of the output from Steps
3.1 and 3.2 is considered in relation to the overarching
framework.

It is important to note that the seven eHealth literacy domains
together describe the requirements for a successful solution to
be offered to users with a high digital confidence (ie, knowledge,
skills, and motivation in the context of health). By contrast, the
solution will also be beneficial for a wider audience if, for each
domain, it is considered regarding how the system can adapt to
and handle users with lower knowledge levels, skills, and
motivation, by taking design, functionality, and assistive
technologies or support tools into consideration.

For this purpose, the seven eHealth domains are qualified for
use in the three areas by designing personas with high and low
eHealth literacy, respectively, within each of the domains. These
14 descriptors are used in the relevant sections to ensure that
the developer team can envisage the typical user span, to ensure
the system or application will meet the full range of users.

Step 3.1: Description of Key User Types, Categories, and
Characteristics

Capabilities

Knowledge About One's Own Health

Need to consider how users can be supported if they do not
know the terms or functions related to their health, how IT
systems ensure that the users do not misinterpret information,
and how users can be supported to learn more about the specific
health area that the system or program intends to cover.

Do links to resources about health and the health care system
clearly explain key features in relation to the tasks? What kinds
of resources are needed to involve users with low abilities in
this area?

Ability to Interact With Information

Need to consider how any system addresses the needs of people
with low ability to read or calculate or orientate themselves
within complex designs. How can the solution assist dyslectics
by voice or video and how can figures and calculations be
represented in a way that people with dyscalculia can handle?

Ability to Engage With Technology

The key questions in this step include how the user interface
can address users with different knowledge of how to access
systems and interact with them.

The log-in procedures should be simple, the system design
should be directed toward integration with other systems, which
the typical users are expected to use. The interface should be
familiar to other systems and be designed according to
international recommendations, standards, and the look of the
most used platforms such as Windows and Mac operating
systems. The tasks or system should also be easily accessible
using various devices and technologies.

Step 3.2: Description of Key Task Characteristics

Overview

Describe the tasks that different categories of users are expected
to carry out through interaction with the system or application
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being developed. For example, if a task requires input of
numeric data, this may impose additional requirement demands
on the user being low in domain 2, whereas a task that requires
inputs from quick response (QR) codes will not impose
numerical challenges. Another example is input or access to
personal health data, and how this might influence whether or
not the user feels safe and in control with the system. A relevant
question is, “Can the task be designed to meet the users’
capabilities or should alternative tasks be created?”

Access to Technologies

Access to Technologies That Work

How does the system or application document its stability and
uptime. After how long a period do the users experience that
the system is not accessible? What is the critical uptime to work
sufficiently and what is the perspective of the various user
groups on access availability?

Access to Technologies That Suit Individual Needs

The key characteristics are the usability of the system,
adaptability to users with particular needs, and opportunities to
collaborate with others if needed.

The interface should be user friendly and designed to be
configurable and adaptable to how it is used. Individuals with
particular needs due to disabilities should be addressed to avoid
inequity in access to the system.

Assistance as built-in support and/or possibilities of getting help
from friends, relatives, peers, or health professionals should be
considered in the design.

Personas with various disabilities should be created with a focus
on the kinds of users who are intended to use the system and
which types of disabilities might be expected. Which kinds of
individual needs will the typical users have with respect to
accessibility, mobility, and variability of interfaces? To what
extent will the system need to tailor to individuals with a wide
range of individuals’ needs or disabilities?

Next, the tasks are described from the end-user experience
perspective.

Experience Using Technologies

Feel That Using Technologies Is Beneficial

How might the system or application be experienced as
beneficial compared with known solutions or other digital
products? How can experiences during the use of the solution
induce motivation in users with low motivation; for example,
through gaming or experienced benefits or victories? How can
users with low belief of a new product or accustomed to current
solutions be met and taken care of by the solution?

Feel in Control and Secure When Using Technologies

How can the users know who has access? How can the interface
promote confidence in the system’s security to ensure that
people accessing personal data are only those granted permission
by the user or, if not, it is clear to the user how and when others
access their data? The system should aspire to meet the needs
of users ranging from those with a high degree of confidence
to those who are concerned about this topic. It should be

considered how data management can be transparent and how
data are used for users with low confidence or a high degree of
mistrust.

Step 3.3: Description of Key Contextual Characteristics

As described earlier, the issue of context is critical for
developing health care applications that are likely to be used
effectively and adopted by end users.

In this step, contexts of use should be identified based on
observations in real-life environments and interviews with users
and compared with the outputs from Steps 3.1 and 3.2, and
should be qualified with respect to identified contextual issues.

The field for observations as well as the users should be
identified in Step 1 (subcategory Users) and the users should
be recruited in a way that ensures a broad representation of
eHealth literacies with variations across domains. The variances
can be identified based on semistructured interviews containing
questions relating to the descriptors of the domains. It is
expected that questionnaires to be applied will be available by
2016. The number of users needed for a panel will vary
depending on resources for the development, but the number
should be representative for at least one being high and one
being low in each of the domains. This can be accomplished by
selecting 14 individuals representing the 14 personas described
earlier with respect to either high or low level within each of

the seven ehealth domains. It will need 128 (27) if a full matrix
of variations should be sampled. However, it will probably
require testing of a considerably larger population. Therefore,
it is recommended to focus on profiles that appear to be the
most common within a sample of users. This sample is ideally
recommended to be within 50-300 depending on resources
(although practical constraints may limit the number to the lower
recommended number). For the observed typical combinations
of user and task, narratives or fleshed-out use cases should be
developed to better define user capabilities in terms of expected
tasks. These use cases become an expression of user
requirements for systems being developed. They can also be
used upon completion of working or partially working prototype
versions of the system for setting user- and usability-testing
scenarios.

In developing applications and systems for health care
professionals, this has typically involved understanding of
whether there are contextual issues that would render a system
unusable under certain conditions (eg, are there environments
or settings where a system would not work?), while other
conditions might be seen as being conducive for use of the
system. For example, a speech recognition interface to a health
information system may work well in a private office, but not
at all in the context of a noisy clinical environment. With regard
to eHealth applications and systems targeted at patients,
laypeople, and the general population, the contextual issue
becomes magnified, with an even greater range of settings,
situations, and contexts in which a system might be used. To
fully understand requirements for a new system or application,
an upfront understanding of such contextual facilitators or
inhibitors of a system or application is needed.

JMIR Human Factors 2015 | vol. 2 | iss. 1 | e9 | p.131http://humanfactors.jmir.org/2015/1/e9/
(page number not for citation purposes)

Kayser et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Step 4: Discussion and Scrutiny of the Characteristics
Arrived at in Step 3
In this step, the model of users and their interactions with the
system in terms of tasks and contextual factors is discussed and
scrutinized by the development team. As this will represent only
an initial or preliminary model of end users, plans for studying
the assumptions and testing them empirically using the “user
panel” from Step 1 have to be made. In this step, each of the
seven eHealth literacy domains should be taken into account
by focusing on how the system meets and fulfills the needs of
personas, described in Steps 3.1-3.3. The most important issue
here is that the developers undertake the iterations from Steps
3.1-3.3 and ensure that the choices made here remain consistent
with the planned requirements for the solution and its user
interface, functions, and assistive technologies.

At this stage of development, the designers and developers will
test prototypes presenting the content and various ways to
interact with it. Here it is important to involve the wide range
of identified personas. This may involve discussions with end
users, application of contextual enquiry, and usability testing.

Step 5: Refinement of the Initial Preliminary Model of
End-Users’ Needs from Feedback in Step 4
The model of the end-users’ need developed and tested should
be considered in light of feedback from Step 4 by testing the
model’s main assumptions. Although developers may hesitate
to spend the time and effort needed to refine the initial model
represented by the user-task-context matrix, leaving this step
out will increase the likelihood that the system or application
ultimately developed will not meet the needs of the end users.
The refined model can then be used to drive further requirements
gathering and streamline the development of system use cases
during the design phase and later on during the implementation
and testing phases. The model can also be used to create test
scenarios.

A Case Story
As an example of how detailed knowledge about individuals,
including eHealth literacy, and the specific context can populate

the framework, we briefly present a patient case and describe
how considerations related to the seven eHealth literacy domains
can feed into Steps 3.1 and 3.2 of the framework. The case was
constructed from characteristics identified from a number of
real patients in the Epital project [31-33] and author LK’s
clinical experience.

The Epital example is chosen as this project consists of a
redesign of health services using a whole system approach,
service transformation, user centeredness, and especially digital
support for both the enrolled people with chronic obstructive
pulmonary disease (COPD) and the health care providers.

Angela is a 72-year-old woman with COPD that was
diagnosed 5 years ago. Although she takes her
medications regularly, she does have exacerbations
about 4 times a year and is in need of hospitalization
or referral to an emergency room 2 times a year.
Because of the condition, she has anxiety, is slightly
cognitively impaired, especially when exacerbations
are emerging, and it is at this particular time she
needs to use her Epital navigator to connect to her
digital service and trust that it works instantly. Owing
to treatment of her COPD with beta-2-adrenergic
stimulators, she suffers from tremor of her hands,
which is exaggerated when her condition worsens,
partly due to an increased intake of medicine and
partly due to an increase in anxiety. She has an
average score in self-reported health literacy, only
few errors in a test of health literacy primarily related
to calculations of medicine doses, whereas her
understanding of measurements related to her
condition is found to be insufficient and makes it
difficult for her to interpret and act on data outside
the normal range. Although she scores on average in
most tests, the confidence and speed of performance
are not good.

Table 1 describes how this profile can be utilized when
designing a home monitoring solution for patients with COPD.
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Table 1. Using the seven-domain eHealth concept in Health information technology design.

DescriptioneHealth literacy domains

The patient has sufficient basic information but her understanding of more complex data makes it difficult to in-
terpret her own measurements. Here it should be considered to build in a function that assists interpretation.

Knowledge about one’s own
health (Domain 1)

Angela is able to read but has some problems with calculation, which may be taken into consideration here.Ability to interact with information
(Domain 2)

She scores average in confidence and skills with computers, and thus, the solution should either include training
for the particular system or assisting functions should be included, which will address the areas in which the patient
is insecure and has a low digital competence.

Ability to engage with technology
(Domain 3)

Her condition could, in a short time, be life threatening and it is therefore important to allow for feedback about
connectivity and a way to secure backups to avoid an increase of her anxiety, which is often related to a lack of
confidence in health information technology services.

Access to technologies that work
(Domain 4)

She has tremor of her hands and needs a very simple button or a technology like pointers to be sure that she
presses the right areas. She will also need a solution that provides interaction with real persons when her exacer-
bations are severe because she will not be able to interact with the technology without voice or video support.

Access to technologies that suit
individual needs (Domain 5)

Angela has been introduced to a home monitoring device in the form of a tablet computer. It should be considered
how a simple user interface can be developed because she has felt insecure when she performs tasks indicating
uncertainty in relation to the technology and her own condition. This may be influenced by her medicine and
possible anxiety state.

Feel that using technologies is
beneficial (Domain 6)

She has scored as being confident about the Internet and the use of computers, and therefore, this domain may
not be of concern.

Feel in control and secure when
using technologies (Domain 7)

Discussion

The proposed expanded framework has been designed to provide
a user-friendly framework for design. It will directly assist health
systems policy development and decision making because it
can be deployed to ensure that the design process takes the
users’ capabilities, and the circumstances in which resulting
products are to be used, into consideration. This will maximize
the probability of generating usable, safe, and highly
implementable IT applications and systems, and generate the
intended positive health outcomes. From previous work, it has
been found that fitting health information system design to
users’understanding and capabilities leads to a thoughtful design
and more usable and useful systems and that ease of use and
usefulness are also associated with not just more effective
systems, but also with safer systems [2]. It should be noted that
the approach described in this paper gives an overall framework
for considering users of health information technologies to
highlight consideration of eHealth literacy explicitly. As such,
it will complement specific data-collection methods (eg, the
use of the think-aloud method or simulations) used in obtaining
detailed information about users, their needs, and their
capabilities [26]. In addition, the approach can be applied not
only for design, but also for documentation of eHealth
application requirements that can be consulted once an
application is developed to help target end-user support (eg, by
assessing whether individuals of differing user classes can do
the tasks the eHealth application was designed to support once
in widespread use). It should also be noted that the approach
could be applied in the development of eHealth applications
targeted for individuals as well as for groups. For example, in
development of regional or national personal health record and
personal health portals, consideration is needed of what the
major classes of users of the application are, their eHealth
literacy, and the type of tasks they would find useful (including
collaborative and socially oriented tasks) to perform using the

application. As there is a move toward greater use of social
media this need will only increase.

The proposed new concept of eHealth literacy [34] has
similarities to Norman and Skinner’s model with six core
literacies [10] within the areas of tradition alliteracy, health
literacy, computer literacy, information literacy, similar to the
domains “1. Knowledge about one’s own health,” “2. Ability
to interact with information,” and “3. Ability to engage with
technology.” The media and science literacy are not represented
as strongly as in our new concept. By contrast, based on the
statements in the development process, we have got a unique
insight into how the users (ie, patients, health professionals, and
technology developers) are thinking. These insights can be used
as a framework to describe where developers need to be aware
of in the design processes as it is presented in this paper.

Thus, we are able to present an expanded model of the
user-task-context matrix, which qualifies needs to be addressed
not only with respect to the users, but also how they expect
tasks and systems to be designed and also how the intersection
between the users’ competencies and the service design should
be addressed to motivate the users, having them feel safely in
control, and being able to interact. In this way, our concept with
its underlying statements contributes to a new understanding
of eHealth literacy. The concept also includes subjects
previously identified to be essential to ensure usage of health
technology [35,36], that is, trust that is embedded in the domains
“4. Access to technologies that work” and “7. Feel in control
and secure when using technologies and interpersonal
relationships,” which is embedded in the domain “5. Access to
technologies that suit individual needs” where statements from
the development process cover aspects of being able to share
data with relatives, support relatives, or receive support from
others. This aspect is also shortly described in our
recommendations in Step 3.2. We find that our seven domain
eHealth literacy concepts covers both the important domains
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of the definition and the model by Norman and Skinner. At the
same time, it also covers other dimensions of importance for
understanding the interaction between users and the digital
services offered by health care providers in the future.

This new eHealth literacy concept has turned out to have similar
focus on several areas of the user-task-context matrix suggested
by Kushniruk and Turner [23]. Because this matrix lacked
dimensions for user characteristics related to eHealth literacy,
we have integrated the concept of eHealth literacy and the matrix
into an expanded framework, which can be used to produce
requirements for designers. It is anticipated that the framework
presented directly supports the more accurate identification of
differences in users, and their contexts of use, and how these
factors interact with usability and the risk of unintended
consequences from health IT systems. The new concept of
eHealth literacy and the expanded framework presented suggest
that there are ways for opening up new conversations about
innovative ways of thinking, designing, and empowering health
consumers in their use of health information and health
information systems. The expanded framework contains
personas and vignettes/narratives, which illustrate the needs of
users with both high and low competences.

To maximize the impact of the framework, we have specified
its application within a structured process that involves a
multidisciplinary small group to facilitate and lead the process
and to create a user panel of laypeople to ensure connection to
the real world. In this way, the presented framework can expand
how users are involved in the initial phases of other innovation
models such as the participatory design [28] or rapid contextual
design [29]. The proposed process systematically qualifies them
through a grounded understanding of the mandatory areas that
must be understood and anticipated to maximize usability from
both an end-user and a system approach. The framework will
also be of great importance when the Stanford Biodesign process
is used in development of eHealth solutions. The first step of
the framework will be skipped at this point in the Biodesign
process because cross-disciplinary teams have already been
established. Steps 2-5 can be embedded in the invention phase
when prototyping begins to ensure that the involved stakeholders

and patient segments are understood and addressed with respect
to eHealth literacy, and that specific criteria are included in the
need statements to ensure a safe and usable product.

Although there is extensive evidence that health literacy is
associated with health outcomes [37], and that eHealth
interventions may improve health outcomes [38], there is limited
evidence connecting eHealth literacy and the use of eHealth
interventions. One reason for this is that in many cases projects
are not designed on a large scale and may not disseminate
knowledge based on evidence [39].

Before the full benefit of the framework can be obtained,
methods to estimate individuals’ eHealth literacy are required.
At present, we are developing such tools, which are expected
to be available by the end of 2015. At this point, it is
recommended to use semistructured interviews based on the
descriptors in Textbox 1 to classify users according to their
eHealth literacy.

For developers, it is expected that the proposed expanded
framework for design will ensure that future health IT products
involving innovation, design, and maturation phases will be
designed to accommodate the needs of a variety of users from
a system-design approach involving eHealth literacy. The
intention is to ensure a robust and safe system where the
developers involved will also understand the situations and
contexts in which the system will be used. Although the entire
expanded framework has not yet been implemented in full, we
invite designers to use it and to create research projects where
its effects can be documented.

Developing effective eHealth technologies requires an
understanding of the needs of end users from multiple
perspectives. In this paper, we have proposed and detailed a
framework for modeling users’ needs for eHealth that merges
prior work in development of a user-task-context matrix with
the emerging area of eHealth literacy. This framework is
intended to be used to guide design of eHealth technologies and
to make requirements explicitly related to eHealth literacy,
enabling a generation of well-targeted, fit-for-purpose, equitable,
and effective products and systems.
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