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Abstract

Background: Concussion is a common injury among Canadian children and adolescents that leads to a range of neurobehavioral
deficits. However, noticeable gaps continue to exist in the management of pediatric concussion, with poor health outcomes
associated with the inadequate application of best practice guidelines.

Objective: The aim of this study was to describe the development and assess the usability of a mobile phone app to aid youth
in the self-management of concussion. A secondary objective was to assess the usefulness of the app.

Methods: An agile user-centered design approach was used to develop the technology, followed by a formative lab-based
usability study for assessment and improvement proposals. Youths aged 10 to 18 years with a history of concussion and health
care professionals involved in concussion management were recruited. This study included participants performing 12 tasks with
the mobile phone app while using the think aloud protocol and the administration of the System Usability Scale (SUS), posttest
questionnaire, and a semistructured interview.

Results: A mobile phone app prototype called NeuroCare, an easily accessible pediatric concussion management intervention
that provides easy access to expert-informed concussion management strategies and helps guide youth in self-managing and
tracking their concussion recovery, was developed. A total of 7 youths aged between 10 and 18 years with a history of concussion
and 7 health care professionals were recruited. The mean SUS score was 81.9, mean task success rates were greater than 90%
for 92% (11/12) of the tasks, 92% (11/12) of tasks had a total error frequency of less than 11 errors, and mean task completion
times were less than 2 min for 100% of the tasks.

Conclusions: Results suggest that participants rated this app as highly usable, acceptable to users, and that it may be useful in
helping youth self-manage concussion.

(JMIR Hum Factors 2019;6(2):e12135)   doi:10.2196/12135
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Introduction

Background
Concussion is a common injury [1,2] (200 per 100,000 [3])
among Canadian children and adolescents that leads to a range
of neurobehavioral deficits including combinations of somatic,
physical, cognitive, and emotional and behavioral symptoms
[4]. These postconcussion symptoms can have a significant
impact on the functional participation of youth in daily activities,
such as sports, school, as well as family and social activities
[3,5,6]. There is a lack of evidence-based interventions for the
management of pediatric concussion [6,7], but consistent
application of best practice guidelines may help reduce the
impact of concussion and persistent postconcussion symptoms
[8]. However, noticeable gaps continue to exist in concussion
management with inadequate application of best practice
guidelines, and there is growing evidence demonstrating both
knowledge and practice gaps in concussion management [8-11].
Consequently, individuals may receive inconsistent and
incomplete messages regarding the best strategies to manage
concussion, which could lead to poor health outcomes.

Concussion & You
Concussion & You is an evidence-informed self-management
education program for concussed youth and their families [12].
It features a concussion curriculum based on best evidence and
expert opinion and is integrated within a self-management
framework. Concussion & You aims to provide
evidence-informed best practice guidance regarding concussion
recovery throughout the entire recovery process and enable
participants to build an idiosyncratic concussion recovery toolkit
using the practical concussion management strategies provided
by the program for the management of return to school and play,
sleep, nutrition, relaxation, and energy conservation that the
youth can access throughout their recovery [12,13]. The
feasibility of this program was validated in a pilot study that
led to an increase in patients’ knowledge regarding concussion
and concussion management strategies after intervention [12].
Youths and their families are able to implement strategies into
their daily routines with the use of supplied daily planners,
activity logs, and postconcussion symptom scales; results from
the postsession survey indicated that these tangible tools
positively affect participants’ recovery [12]. This program
addresses many gaps in concussion management, which can
significantly improve the quality of life and outcomes of
concussed youth, but it currently relies on in-person interaction
and only at 1 time point with no additional follow-up or support.

Mobile Health
Many clinical researchers have begun harnessing technology
to develop innovative approaches that hold great promise for
enhancing the accessibility and quality of care [14,15]. Mobile
health (mHealth) technologies, such as mobile phones, are well
suited to serve as platforms for the self-management of health
conditions as they are ubiquitous, have great computational
capabilities, and are commonly carried on the person [13,16].
In addition, mHealth technologies can facilitate access to
self-monitoring resources, time-sensitive health information,
prompts, reminders, and personalized self-management tools

in real time [13,16]. Mobile phones are ubiquitous in the lives
of youth [17,18], so interventions using mobile technology may
provide important and innovative opportunities for engaging
youth in and improving health-related self-management skills
and behaviors [17,19]. We scanned app stores for
concussion-related apps and found that concussion-related apps
exist, but they are primarily focused on concussion
identification, diagnosis, and general information about
concussion symptoms and recovery recommendations. These
apps are not focused on concussion self-management, are not
specific to pediatric concussion, do not emphasize strategies or
the provision of tools to promote recovery, and do not allow
tracking of personal information or recovery progress.
Furthermore, most apps have not been validated in the
peer-reviewed literature, and thus, their efficacy in helping youth
manage concussion is unclear. Some efforts have been made,
as indicated in the literature, to develop and evaluate apps for
pediatric concussion management. For example, a study [20]
evaluated the effects of a gamified mobile phone app in
promoting health management in teenagers with persistent
postconcussion symptoms, and it showed promising initial
results for the use of mobile phone apps for the management of
postconcussion syndrome [20]. However, this app focuses on
improving the management of postconcussion syndrome that
is experienced by only a subset of all concussed youth [21], and
the app does not provide guidance throughout the entire recovery
process, thus missing the opportunity to be preventative and
guide youth from the onset of injury. SMART, another app
developed for pediatric concussion management, is a Web-based
educational and self-management program; its initial results
show promise for the use of apps for pediatric concussion
management [22-24]. However, a usability study of this app
identified that some users felt the time and reading required to
complete the program would be too difficult for children to
comprehend and complete [22-24]. This may suggest the
program requires a considerable amount of physical and
cognitive effort to use, and the safety with which this app can
be used by concussed youth is unclear and should be evaluated
in addition to evaluating its efficacy. In addition, the app focuses
on managing and tracking symptoms, instead of empowering
or enabling the user to implement specific concussion
management strategies; Zasler et al discussed that if symptoms
persist, then focusing on symptoms might be counterproductive
[25]. A technical limitation of Web-based apps is that they
require an internet connection, which may not always be
available or reliable, limiting access to individuals who have
reliable access to the internet. In contrast to Web-based or
HTML apps, native apps offer robust offline functionality, which
is preferred for mHealth tools targeting individuals who may
live in rural areas with poor internet connectivity or who do not
have access to the internet [26,27]. Native apps also provide a
richer user experience and better and more innovative
capabilities than Web-based apps [26,27]. There is a need to
develop and evaluate tools that are easily accessible to youth,
guide them throughout their concussion recovery, educate them
on and assist them in implementing best practice concussion
management strategies, and that require minimal engagement
by the user to ensure safety.
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Usability
Technologies with inadequate consideration of the needs of the
intended users are difficult to learn, and these will be misused
or underutilized and will ultimately fail to accomplish objectives
originally set out [28]. Usability studies are commonly used to
evaluate mHealth technologies [29-31], and they focus on
measurable user performance and preference metrics. Usability
is defined 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 [32,33].
Having a user perform a set of tasks that relate to product
features and are representative of the tasks that the user may
use the technology for is an excellent way to determine the
usability of a feature or feature workflow [34,35]. It is important
to perform a usability study for an mHealth technology with
prospective end users to effectively determine how well the
target audience interacts and relates to a technology.

The objective of this research was to develop and evaluate the
usability of a mobile phone app that will help enable youth to
better self-manage concussion by providing easy access to
expert-informed concussion management information and
strategies and a tool that will guide youth in self-managing and
tracking concussion recovery. Overall, this app is expected to
improve the quality of life of youth who have experienced a
concussion by providing recovery support to enable safe return
to daily activities of meaning and importance (eg, school, family,
social activities, and sport activities).

Methods

Overview of Application, Prototype Design, and
Development
A user-centered design approach and Agile development
methods were used to design and develop the NeuroCare mobile
phone app to ensure that it was useful and usable for the
end-user population. The design, development, and
improvements to the prototype were carried out using an
iterative and incremental development (IID) approach [36] with
the support of the design team. The design team consisted of
the key stakeholders and user proxies that included health care
professionals, concussion experts, business personnel, and brain
injury researchers who were iteratively involved in the design
of this technology, that is, assisted in identifying the end users,
creating a target user group profile, creating a persona,
identifying design requirements and design principles,
identifying mobile app’s features and functions, and identifying
app content and design.

The design team identified that the primary end users of this
technology are concussed youth aged between 10 and 18 years,
and the secondary end users are the health care professionals
who are involved in concussion assessment and management.
Concussed youth can use this app to better self-manage their
concussion through the implementation of evidence-informed
concussion management strategies and progress tracking. Health
care professionals can direct their youth clients/patients to the
app and work with the youth to review concussion recovery
progress and provide better direction and support. Both end

users will use this app to improve communication between each
other, which has shown to improve patient health outcomes,
specifically emotional health and symptom resolution [37].
Youth may gain access to the app through Web-based app stores.
The app can be used to support concussion recovery from the
time of injury through to recovery and may be the most
beneficial once the user begins to reintroduce daily activities at
a gradual pace so that these do not provoke symptoms. Youth
are instructed to use the app daily throughout their concussion
recovery and share their progress (eg, how they have been
feeling and the strategies implemented) with their health care
professional to receive further support and feedback in managing
their concussion (eg, advice and assistance regarding
recommended and new strategies to implement). In addition, if
health care professionals are aware of the app, they can direct
youth to the mobile phone app upon concussion diagnosis and
during recovery. As a result, both end-user groups were involved
in testing the usability of this app.

The scientific content of this app, including the concussion
management strategies (eg, energy conservation, sleep, nutrition,
and relaxation strategies) and supplementary concussion
management information found within this prototype was
adapted from the Concussion & You program. Through IID of
the app prototype, the design team identified opportunities to
add to the current Concussion & You content, for example, the
design team found that a new concussion management strategies
section could be a beneficial addition for concussed youth. As
a result, the design team developed a beta concussion
management strategies section titled Social Goals, which
includes strategies based on the current best practices and expert
opinion to help reduce the impact of social isolation and
depression that may accompany a concussion diagnosis
[6,38,39]. The user interface (UI) of this prototype was initially
influenced by the Concussion & You program strategy planning
tool found in the program’s handbook [12], and this initial
design was iteratively assessed by the design team using the
IID approach, which resulted in the final UI that was used for
the end-user usability study. For further information about the
development process and design of the app see the dissertation
Development and Usability Testing of a Smartphone Technology
for the Self-Management of Pediatric Concussion [7].

The app’s information architecture is shown in Figure 1 (see
Multimedia Appendix 1 for a higher resolution image); the 8
main sections of the application are divided into 2 distinct
groups: destinations that aid self-management actively through
action (ie, Feelings, My Goals, Summary, and Set Reminder
pages) and destinations for aiding self-management passively
through information (ie, Concussion Library, Resources, Using
NeuroCare, and Contact Experts). The key features of the app
are that it guides concussed youth in creating a personalized
concussion recovery self-management plan, allows youth to
track how they are feeling each day, provides daily reminders,
and provides feedback and recommendations on how youth can
improve their concussion recovery. A key design principle
required that navigation through the app should be intuitive,
simple, and demand minimal engagement from the concussed
youth to ensure the app could be used safely (ie, to avoid
symptom exacerbation). For example, an alternative path is
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indicated by the red arrows in Figure 1, which guides the user
to complete the required daily actions using a short and concise
workflow that requires minimal user engagement: these daily
actions ask the user to select how they are feeling today on the
Feelings page, go to the My Goals page, and select the
competition status of each goal, and then navigate to the

Summary page to check their progress. At the end of the week,
youth are asked to review and revise their concussion recovery
plan, which includes adding or removing goals based on
guidance from their physician and the Summary page. The fully
functional mobile phone prototype was further evaluated through
this usability study with end users.

Figure 1. Final prototype information architecture. The app has a total of 8 main sections, with the Menu icons shown near the top. The arrows show
how each screen is linked to the Menu, and how screens are linked to other screens within the application; the arrows indicate how a user could navigate
through the different screens of the app.

Participants
A total of 14 participants were recruited for this study: 7 youth
with a history of concussion and 7 health care professionals
involved with concussion assessment, management, or research.
Participants were excluded if they were younger than 10 years
or older than 18 years; had not used mobile phone apps; were
non-English speakers; were currently experiencing
postconcussion symptoms; or if they had any physical, visual,
or cognitive problems that may have precluded them from being
able to use the mobile phone technology in the traditional way.
Informed consent was obtained by all participants and/or their
parents before participation. The study was approved by the
Research Ethics Board at Holland Bloorview Kids Rehabilitation
Hospital (REB#16-632) in Toronto, Canada.

Protocol
We conducted a formative lab-based usability study [32,40]
with the fully functional mobile phone prototype. Formative
lab-based usability testing is a widely used usability testing
approach that is iterative in nature [32]; the goal of this testing
is to make improvements in design before releasing the product
[32]. This includes identifying and diagnosing the problems,
making and implementing recommendations, and then
re-evaluating the product [32]. In formative usability studies,
the most significant usability findings are observed with the
first 5 participants [41,42]. This study was conducted at either
Holland Bloorview Kids Rehabilitation Hospital or at the health
care professional’s place of practice. The study was conducted
in a quiet room and took 30 to 45 min to complete.
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After the participant provided consent to participate in the study,
they were asked to complete a demographics form. Then, the
participant was introduced to the think aloud approach using a
short video [43]. The think aloud approach asks the user to
continuously verbalize their thoughts about their underlying
thinking behind their interactions while using a technology by
verbalizing what they are doing and why, stating when they
encounter a problem, and how they feel while using the
technology [43]. Next, the objective usability of mobile phone
app was assessed by asking participants to complete 12 tasks
(Table 1) using the mobile phone app while thinking aloud.
During these tasks, the participants were audio-recorded, and
a mobile phone screen recording app (AZ Screen Recorder [44])

was used to record the mobile phone screen; this included
recording screen clicks and navigation to aid in identifying
usability issues. The participant’s actions as well as performance
metrics, such as task success, the time on task, and the number
of errors and assists were also observed and documented using
pen and paper notetaking. In addition, any issues the participants
faced while using the technology, including issue type,
frequency, and severity were documented. After the completion
of all the tasks, the subjective usability and usefulness of the
users were assessed using the System Usability Scale (SUS)
[45], a posttest questionnaire, and an exit interview (described
below).

Table 1. Usability study tasks list. The usability issues or technology features that each task attempted to investigate are listed followed by the task
instructions.

Features testedTask

Using the visual scale: enter the application, and answer the “how are you feeling today” question with OKAY using the visual scale.1

Finding and adding a goal on the My Goals page: add a specific Social goal to the action plan for a duration of 1 week.2

Setting a reminder: set a reminder 1 min from the current time.3

Responding to the reminder notification: respond to the notification reminder that was set in Task 3.4

Using the visual scale and using the prompt (ie, toast notification): answer the “how are you feeling today?” question with GOOD.
Then, use the prompt to go from Home screen to the My Goals page.

5

Setting goal competition status and using the prompt (ie, toast notification): set the completion status for goals on the My Goals page,
and use the prompt to go from the My Goals page to the Summary page.

6

Finding and adding the recommended goal: add the physician-recommended goal on the Summary page to action plan for a duration
of 2 days.

7

Deleting a goal from the action plan: delete the Social goal originally added in Task 2.8

Setting goal completion status and using the prompt (ie, toast notification): set the completion status for goals on the My Goals page,
and use the prompt to go from the My Goals page to the Summary page.

9

Finding concussion education information: find the concussion myths versus facts educational page.10a

Navigating to the Home screen: return to the Home screen of the app.10b

Reviewing and comprehending feeling and action plan history: find out how you were feeling yesterday, and identify the completion
status of yesterday’s goals.

11

Demographics Form
The demographics form for the 2 participant groups (youth and
health care professionals) were customized for each group.
Youths were asked questions regarding their concussion history
and experience with managing a concussion, whereas health
care professionals were asked about their involvement in
concussion assessment, management, and/or research. For both
participant groups, data on age, sex, and if they owned/had
access to a mobile phone and/or tablet were collected.
Furthermore, both groups were asked to answer questions about
their perception of concussion knowledge and management in
Canada using a 7-point Likert scale (1—strongly disagree,
7—strongly agree) and open-ended comments.

Usability and Usefulness
Usability is defined 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 [32,33].
The objective usability of the prototype was evaluated by
measuring the extent to which the prototype could be used to

complete specified tasks with effectiveness and efficiency
[32,33], and the subjective usability was evaluated by measuring
satisfaction using the SUS, posttest questionnaire, and exit
interview. Subjective/perceived usefulness was measured using
the posttest questionnaire and exit interview.

Objective Usability: Task Performance (Observational
Notes, and Audio and Screen Recordings)

Task Success and Number of Errors

The effectiveness of this prototype was evaluated by measuring
the number of errors and assists and the number of tasks that
were completed successfully (task success). Task success is the
most widely used usability performance metric; if a user cannot
complete a given task, then there is likely a problem with the
technology [32,33,40]. Errors and assists also indicate
effectiveness; both are useful in pointing out particularly
confusing parts of a technology [32,33,40,46]. Errors were
defined as any action that caused the participant to deviate from
the path to successful task completion. Assists were defined as
any assistance provided to the participant to aid in task
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completion; participants were provided assists only when they
were having a considerable amount of difficulty with a task.

Time on Task

To measure the amount of effort (efficiency) with which
participants completed each task, time on task was also
measured, which included time for errors and corrections
[32,33,40]; the faster the user completed a task, the lower the
amount of effort required to complete a task, thereby offering
an overall better experience. It is important to ensure that time
is measured accurately and consistently [32,40,46]. We marked
the start of each task as the time when the participant was told
to start attempting the task, and the end time was marked as the
time when the participant said “I am done”; waiting for the
participant to say they are done is important, so that detectable
usability issues do not go unidentified [32,40,46]. Although
participants were asked to think aloud during this usability test,
time-on-task data were still collected; however, using a
concurrent think aloud protocol may impact task completion
time. A solution is to ask participants to hold any longer
comments until after a task is completed [32]; this solution was
used to ensure task completion times were as accurate as
possible while using the think aloud protocol. The number of,
unnecessary actions or, actions exceeding the minimum number
of actions required for a task is also indicative of the efficiency
of a technology and were recorded [32,40,46]; it is possible for
a task to have a fast completion time but still require a high
amount of effort.

Subjective Usability and Usefulness: System Usability Scale,
Posttest Questionnaire, and Exit Interview

Following the completion of the 12 tasks using the mobile phone
app while thinking aloud, participants completed 2 posttest
questionnaires, both focused on measuring the prototype’s
usability; the SUS [45] was issued first followed by a more
general posttest questionnaire focused on usability and
usefulness [32,47].

The SUS consists of 10 questions and uses a 5-point Likert-scale
answering scheme to get a reliable and robust evaluation of a
product [32,45,48]. The SUS is a validated and reliable measure
of the subjective or perceived usability of a system with small
sample sizes (ie, 8-12 users) [32,45,49]. The SUS questionnaire
was modified to be more youth-friendly (age-appropriate
language) and customized for assessing a mobile phone app.

Furthermore, an additional and more general posttest
questionnaire was used to measure the usability and usefulness,
that is, “the degree to which a product enables a user to achieve
his or her goals, and is an assessment of the user’s willingness
to use the product at all” [50]. An adapted version of a
usefulness questionnaire that was developed and validated by
Davis was included as part of the posttest questionnaire to
understand the perceived usefulness of this technology [50].

Additional questions were included to assess subjective
satisfaction to complement the SUS score and better understand
technology satisfaction. These questions were adapted from the
Usefulness, Satisfaction, and Ease of Use questionnaire [32,51].

After completing the questionnaires, the participant was invited
to take part in a semistructured exit interview; follow-up
interviews are commonly used in usability studies where the
researcher meets with the participants one-on-one to discuss in
detail what the participant thinks about a specific topic in
question, discuss usability issues, and clarify comments or
behaviors exhibited during the usability study [43,52]. This exit
interview was adapted from previous literature specific to
usability evaluation [32,47,50,51,53], and it allowed the
participant to share comments and opinions on the mobile phone
technology, answer questions regarding the prototype’s usability
and usefulness, discuss any problems they encountered while
completing the assigned tasks, assist in clarifying and resolving
usability issues, and to clarify key comments or behaviors
exhibited during the think aloud protocol.

For this study, the primary outcome measures were the task
success, time on task, errors, and SUS scores. The task success
and errors per task evaluated the effectiveness, whereas time
on task measured efficiency, and satisfaction was evaluated
using the SUS, posttest questionnaire, and the exit interview.
The secondary outcome measures were the usability issues,
unnecessary actions, assists, and the usefulness of the app.

Data Analysis
A triangulation approach [32,40,46] was used to identify the
key usability issues with the mobile phone technology prototype.
Descriptive statistics (eg, frequencies) were used to analyze all
performance data (ie, task success, time on task, number of
errors, unnecessary actions, and assists) and all close-ended
demographic and posttest questionnaire data. Time-on-task data
were analyzed using a measure of central tendency (ie, mean).
Data from the think aloud protocol, exit interviews, screen
recordings, and questionnaires for the tasks/questions indicating
usability/usefulness issues were examined to identify the cause
of, and the possible solutions for the issues using the approach
described by Dumas and Redish [46]. The SUS questionnaire
was analyzed using the procedure described by Brooke [45];
descriptive statistics (ie, measures of variability and central
tendency) were also used to analyze the SUS scores and
demographics data.

Results

Demographics
A total of 14 participants were recruited for this study: 7 youths
with a history of concussion, and 7 health care professionals.
Table 2 provides a summary of study participant demographics.
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Table 2. Youth (n=7) and health care professional (n=7) demographics.

StatisticParticipant group, category

Youth

12.7 (1.9)Age (years), mean (SD)

5 (71)Gender, female, n (%)

18.9 (4.7)Months since most recent concussion, mean (SD)

5 (71)Even with health care professionals helping me, I felt confused about what I should do to manage my concussion(s):
agreed/strongly agreed, n (%)

7 (100)I either own, or have daily access to, a smartphone, n (%)

7 (100)I either own, or have daily access to, a tablet, n (%)

Health care professionals

42.9 (15.7)Age (years), mean (SD)

7 (100)Gender, female, n (%)

Type of health care professional, n (%a)

2 (29)Neuropsychologists

2 (29)Occupational therapists

2 (29)School nurses

1 (14)Physical medicine and rehabilitation physician

9.6 (7.3)Years of work experience in this role, mean (SD)

I find all youth in Canada are given enough information to manage their concussion, n (%)

6 (86)Disagreed/strongly disagreed

1 (14)Slightly disagreed

7 (100)I find pediatric concussion is managed in a consistent and standardized manner by all health care professionals in Canada:
disagreed/strongly disagreed, n (%)

7 (100)I either own, or have daily access to, a smartphone, n (%)

4 (57)I either own, or have daily access to, a tablet, n (%)

aThe total of the percentages sums to more than 100% due to rounding.

Objective Usability

Task Success
Mean task success rates were greater than 90% for 92% (11/12)
of tasks, which indicates high usability. All participants
successfully completed 7 of the 12 tasks (Table 1). A few
participants were not able to successfully complete tasks 3, 4,
9, 10b, and 11. The percentage of participants who completed
a task and their level of success (ie, zero problems [green], with
1 or more problems [blue], and task failure [red]) are shown in
Figure 2.

Number of Errors
The frequency of assists (red), errors (orange), and actions
(yellow) for each task are shown in Figure 3, which shows that
a number of assists were provided to participants for task 4, and

some assists were provided for task 10b and task 11,
demonstrating severe usability issues with task 4, and moderate
usability issues with tasks 10b and 11. One task failure occurred
for task 3 (Figure 2), for which 0 assists were provided and only
a few errors occurred. However, many actions were taken that
exceeded the minimum number of actions required for task 3;
this may point to a minor usability issue. One failure also
occurred for task 9 (Figure 2), but there were 0 assists required,
only 3 errors, and 5 unnecessary actions across 14 participants,
further indicating that task 9 may be a minor usability issue.
Tasks 5 and 7 had a 100% success rate but still exhibited some
issues. Only 1 assist was provided for task 5, and a miniscule
number of errors and unnecessary actions occurred. Therefore,
this task is not likely to point to a usability issue, but the cause
of the assist was still investigated. However, task 7 resulted in
9 errors, and many unnecessary actions were taken; task 7 may
point to a usability issue.
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Figure 2. Percentage of participants by levels of task success per task. Task 1: select “how are you feeling today” using the visual scale; Task 2: add
a Social goal to the action plan; Task 3: set a reminder; Task 4: respond to the reminder; Task 5: select “how are you feeling today” using the visual
scale, and use the toast notification to navigate; Task 6: set completion status for goals, and use the toast notification to navigate; Task 7: find and add
the recommended goal; Task 8: delete a goal; Task 9: set completion status for all goals, and use the toast notification to navigate; Task 10: (a) find
concussion education information and (b) navigate to the Home screen; and Task 11: review and comprehend feeling and action plan history.

Figure 3. Frequency of assists, errors, and actions per task, across all 14 participants. Task 1: select “how are you feeling today” using the visual scale;
Task 2: add a Social goal to the action plan; Task 3: set a reminder; Task 4: respond to the reminder; Task 5: select “how are you feeling today” using
the visual scale, and use the toast notification to navigate; Task 6: set completion status for goals, and use the toast notification to navigate; Task 7: find
and add the recommended goal; Task 8: delete a goal; Task 9: set completion status for all goals, and use the toast notification to navigate; Task 10: (a)
find concussion education information and (b) navigate to the Home screen; and Task 11: review and comprehend feeling and action plan history.

Time on Task
The mean task completion time for each task is displayed in
Figure 4. It was hypothesized that each task would take less

than 2 min to complete; this hypothesis was confirmed. Figure
4 reveals that the mean time on task for each of the tasks was
less than 77 seconds while using the think aloud protocol.
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Figure 4. Mean task completion times per task, in seconds. Task 1: select “how are you feeling today” using the visual scale; Task 2: add a Social goal
to the action plan; Task 3: set a reminder; Task 4: respond to the reminder; Task 5: select “how are you feeling today” using the visual scale, and use
the toast notification to navigate; Task 6: set completion status for goals, and use the toast notification to navigate; Task 7: find and add the recommended
goal; Task 8: delete a goal; Task 9: set completion status for all goals, and use the toast notification to navigate; Task 10: (a) find concussion education
information and (b) navigate to the Home screen; and Task 11: review and comprehend feeling and action plan history.

Subjective Usability and Usefulness

System Usability Scale Questionnaire
Scores above 68 (SD 12.5) indicate above average usability
[45,48,49]. The mean SUS score for this study was 81.9 (SD
11.3), indicating that, on average participants were highly
satisfied with the usability of this mobile phone technology
prototype. The mean SUS scores were calculated for the 2
groups, youth and health care professionals. The mean SUS
score for youth was 87.5 (SD 8.5), whereas the mean SUS score
for health care professionals was 76.4 (SD 11.5). SUS scores
for 86% (6/7) of youth were equal to or above 82.5; 1 youth
participant’s SUS score was 72.5. However, SUS scores for
only 43% (3/7) of health care professionals were equal to or
above 82.5. Furthermore, 2 health care professionals had scores
of 65 and 60, which is considered below average. A small but
significant correlation between age and SUS scores showing
that SUS scores decrease as age increases has been shown in
the literature [54], which may partially explain the lower SUS
scores among health care professionals.

Posttest Questionnaire
In the posttest questionnaire, youth participants (n=7) were
asked that in the hypothetical case they experience another
concussion in the future, if they would use this app; 71% (5/7)
strongly agreed that they would use this app, and the remaining
participants agreed (n=1) and slightly agreed (n=1). When youth
and health care professionals were asked if they would
recommend this application to a concussed youth, 100% (n=7)
of youth either slightly agreed or agreed (6/7 agreed and 1/7
slightly agreed), and 4 health care professionals agreed that they
would recommend this technology to concussed youth.
However, 3 health care professionals did not agree that they
would recommend this technology; 1 health care professional
neither agreed nor disagreed (ie, neutral), 1 slightly disagreed,
and 1 disagreed. To better understand these 3 ratings, the
open-ended responses, if available, were reviewed. The health

care professional who neither agreed nor disagreed stated that
they did not know enough about the app to recommend it. The
health care professional who slightly disagreed was concerned
that using the technology (ie, screen time) and the amount of
reading/cognition involved may exacerbate symptoms. The
health care professional who disagreed also mentioned that if
a youth was to have to choose between spending allowed screen
time on this app versus school work, they would recommend
the functional task over the use of this app. A concern among
some (2/7) health care professionals who did not agree or
slightly agreed to recommend this app was that recommending
this app meant they were recommending screen time to
concussed youth; this was associated with the fear that extended
screen time could lead to exacerbation of symptoms. However,
most (4/7) health care professionals stated that they would
recommend this app to concussed youth.

Health care professionals and youths were asked if this
technology would be useful in helping the youth self-manage
their concussion: 86% of participants either slightly agreed or
agreed (9/14 agreed and 3/14 slightly agreed) that this
technology would be useful in helping the youth self-manage
their concussion, 1 youth neither agreed nor disagreed, and 1
health care professional disagreed. Analyzing the open-ended
answers from the questionnaire revealed that the youth who
neither agreed nor disagreed thought it would be hard for youth
to remember to set goals and change how they feel every day;
however, reviewing the task success and errors data revealed
that this youth failed to complete task 3 (ie, setting a daily
reminder). The health care professional who disagreed provided
no explanation for their choice to disagree with the usefulness
of this app. However, during the exit interview, this health care
professional did mention that they believed the technology
would be useful in helping youth self-manage their concussions
if the technology tracked postconcussion symptoms and
somehow tied symptoms with the goals.
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Discussion

Principal Findings
This research described the development and evaluation of a
mobile phone app to aid youth in self-managing concussion. A
fully functional mobile phone app prototype was developed,
and a usability study was completed to evaluate this technology.
Usability issues with this technology were identified, and
actionable recommendations were provided to resolve the issues;
these issues should be resolved to improve the usability of the

technology. Furthermore, some overarching issues, and
corresponding recommendations to further improve the app are
discussed.

As discussed, some tasks led to task failure, requiring assists,
errors, and/or unnecessary actions. The tasks were analyzed,
beginning with the tasks that indicated high severity issues,
followed by low to medium severity issues [32,40,46]. The
recommendations to improve the design of the mobile phone
technology were developed and listed for high severity issues
(Table 3) and low to medium severity issues (Multimedia
Appendix 2).

Table 3. High severity usability issues and recommendations.

RecommendationProblemFeature

The reminder should explicitly state that it is the daily re-
minder that was set by the user from within the NeuroCare
app, for example, the message within the reminder could
state “Your daily reminder: How are you feeling today?”

Many participants had difficulty finding the reminder because they
attributed a reminder to something that would pop-up in the middle
of the mobile phone’s screen, emit a sound (ringing), and state that
it is a reminder explicitly.

Reminders

The home screen of this technology is the “How Am I
Feeling Today?” page. To ensure users can easily recognize
that this is the main page, a home icon can be used to re-
place the current smiley icon for the “How Am I Feeling
Today?” page. In addition, the brain logo in the navigation
menu should be programmed such that when it is clicked,
it takes the user to the main screen of the app.

Some participants had difficulty locating/identifying the main
screen of the app. Many participants attempted to click the Neuro-
Care brain logo in the navigation menu; participants thought that
clicking this button should take them to the main screen. In addi-
tion, participants were attempting to look for a home icon to locate
the main screen of the app.

Navigation menu

The goals history should be moved to the My Goals page
or the Summary page. Most participants expressed that they
liked the calendar view, so it is recommended that the cal-
endar format still be used to display the goal history.

Participants were confused about the location of the goals history;
the participants expected the goals history to be located on the My
Goals page. However, when participants were asked if they thought
it was useful to see their goals history in the feelings calendar,
100% (n=14) agreed.

Goals history

To minimize the cognitive effort required to use this tech-
nology and improve usability, the current clock-face should
be replaced with scrollable time picker.

The current app clock-face was considered not intuitive and was
too complex for participants, for example, some participants be-
lieved that the clock-face would only allow setting a reminder in
5-min intervals. Most participants mentioned that they identified
more with a scrollable time picker and had difficulty using the
clock-face time picker. One health care professional mentioned
that the current clock-face might require a lot of cognitive effort.

Reminders (clock)

In this study, the mean SUS score for this mobile phone app
was found to be 81.9 (SD 11.3), which suggests that participants
rated the app as highly usable; SUS scores above 68 (SD 12.5)
indicate above average usability [45,48,49]. Sauro looked at
the relationship between SUS scores and the Net Promoter
Score. The latter asks individuals how likely they are to
recommend a product to a friend or colleague [55]. Sauro found
that individuals who rate a product with an SUS score of 82
(SD 5) tend to be promoters for the product [55]. Thus, the
mean SUS score for this study of 81.9 suggests that people are
likely to be promoters of this technology, and they are likely to
recommend this technology to their friends or colleagues. More
importantly, the high and consistent SUS scores provided by
youth (mean 87.5, SD 8.5) suggest that they are more likely to
be promoters of this technology than health care professionals
(mean 76.4, SD 11.5). These results are in contrast to the SUS
scores of a recently proposed intervention for pediatric
concussion management titled SMART [24]. The SMART
intervention was tested with 4 child/parent pairs, and the mean
child SUS score was 81 (SD 22.8), whereas the mean parent
score was 89 (SD 10.7) [24]. These scores suggest that the
features and design of the SMART technology resonated better

with older adults than children. In addition, the large SD in
youth SUS scores indicates that some youth perceived the
usability of the SMART technology as below average. In
contrast, the results from our study suggest that all youth
perceived the usability of the mobile phone technology as high
and are likely to be promoters for this technology. Unlike the
results for the SMART intervention, these results suggest that
the features and design of this technology resonated better with
youth than older adults. To better understand the discrepancy
between SUS scores among health care professionals and youth,
key responses to the posttest questionnaire were analyzed. In
the posttest questionnaire, youth and health care professionals
were asked if they would recommend this app to a concussed
youth, 100% (n=7) of youth slightly agreed or agreed (6/7 agreed
and 1/7 slightly agreed), and 4 health care professionals agreed
that they would recommend this technology to concussed youth.
However, 3 health care professionals did not agree that they
would recommend this technology; 1 health care professional
neither agreed nor disagreed (ie, neutral), 1 slightly disagreed,
and 1 disagreed. These results support Sauro’s claim that
individuals with SUS scores of 82 (SD 5) tend to be promoters
for the product and are more likely to recommend the product.
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To better understand why some health care professionals did
not completely agree to recommend the technology, the
questionnaire’s open-ended responses, if available, were
reviewed. A concern among some health care professionals
(2/7) who did not agree or slightly agreed to recommend this
app was that recommending this app meant they were
recommending screen time to concussed youth; this was
associated with the fear that extended screen time could lead to
exacerbation of symptoms. This may be due to the fact that the
best practice concussion management guidelines recommend a
period of physical and cognitive rest following a concussion
[56]. However, new international consensus has suggested a
shorter rest period; now, the suggested rest period is of
approximately 24 to 48 hours after injury versus the previously
suggested rest period until resolution of postconcussion
symptoms [57]. In addition, the benefits of the rest period have
not been validated [6], and it is unclear whether physical and
cognitive rest aid concussed youth in recovery [58]. In addition,
findings from recent studies suggest that prolonged rest after
concussion is associated with increased risk for the development
of secondary problems [58-60]; these secondary problems
include, anxiety/stress, physical deconditioning, irritability,
social isolation, and depression [6,61]. Furthermore, it is
unknown the extent to which youth adhere to the
recommendations for physical and cognitive rest [62]. However,
further development of this mobile technology should aim to
demand even lower cognitive effort to ensure the technology
can be safely used by concussed youth. Many steps can be taken
to reduce the amount of cognitive effort required for youth to
use this technology, for example, resolving the identified
usability issues can reduce the amount of time, frequency of
errors, and the amount effort that is required to use a technology;
the usability issues can be resolved by applying the provided
recommendations (Table 3 and Multimedia Appendix 2). In
addition, future iterations of the app should inform users about
symptoms that may be exacerbated when using a mobile phone
app (eg, screen time may lead to increased headaches, fatigue,
light sensitivity, and difficulty concentrating), provide methods
to reduce possibility of symptom exacerbation (eg, inform users
to decrease screen brightness), and notify users of what actions
they can take if using the app leads to symptom exacerbation
(eg, in the result of symptom exacerbation, stop engaging with
the app, rest and attempt to re-engage when symptom
exacerbation has resolved). Nevertheless, this usability study
instructed participants to complete a series of tasks sequentially,
which could have led to a high perceived cognitive workload,
whereas concussed youth would only be expected to complete
a subset of these tasks every day. Concussed youth would be
expected to complete tasks 1 and 5 (Table 1) everyday; these
tasks ask youth to enter the app, select how they are feeling,
then go to their My Goals page, and state the completion status
of the goals in their action plan. In addition, the youth can view
their Summary page, which is also a part of task 5. According
to the task completion times (Figure 4), on average these 2 tasks
together required 24 seconds to complete. At the end of every
week, youth would be asked to perform task 2 or task 7: these
tasks ask youth to add a new goal. On average, these tasks take
approximately 70 seconds to complete for each goal. Thus,
youth would be expected to use this technology for less than 1

min on a daily basis and less than 2 min at the end of each week;
this suggests that this technology requires lower effort per day
compared with other concussion management interventions
[12,24]. For example, during the usability study for the SMART
intervention, analyzing the time-on-module data revealed that
a mean of 49 min was spent on completing 6 of the 8 modules
(2 modules were missing timing data), and there were a total
of 103 webpages across the 8 modules [24]. To evaluate how
safely this technology can be used by concussed youth and
reduce health care professionals’ anxiety in recommending it,
further work should include the analysis of perceived physical
and cognitive workload as compared with other activities youth
take part in during concussion recovery. A useful tool for
evaluating perceived workload is the NASA Task Load Index
questionnaire [63], which is a widely used and validated
questionnaire [63] that can help to assess the perceived workload
of this technology. In addition, further research is needed to
trial this technology among a cohort of concussed youth to
determine if the technology exacerbates postconcussion
symptoms. Nevertheless, the majority (4/7) of health care
professionals and all youth (7/7) stated that they would
recommend this app to concussed youth.

In this study, health care professionals were asked about their
perceptions of pediatric concussion management on the
demographics form. When asked if they find all health care
professionals in Canada manage pediatric concussion in a
consistent manner, 100% (n=7) of the health care professionals
disagreed or strongly disagreed with the statement. When health
care professionals were asked if they find that all youth in
Canada are given enough information to manage their
concussion, 86% (6/7) of the health care professionals either
disagreed or strongly disagreed with the statement; 1 health
care professional slightly disagreed with the statement. These
results are consistent with the current literature, which has
shown that there is a lack of standardization and that significant
gaps exist in the management of pediatric concussion in Canada
[8-11]. The results from this study suggest that this technology
may be useful in helping reduce the gaps in pediatric concussion
management by providing easy access to expert-informed
concussion management information and strategies and a tool
that can guide youth in self-managing and tracking their
concussion recovery.

All of the participants (n=14) in this study indicated that they
either own or have daily access to mobile phone and tablet. This
supports the findings from the recent Pew Internet & American
Life Project that indicate that mobile phones have become the
primary communication tool for the majority of adolescents in
the United States [17,18]; 75% of those aged 12 to 17 years
now own mobile phones [18]. Both youth and health care
professionals have shown interest in this technology; as
discussed earlier, 100% (n=7) of youth slightly agreed or agreed
(6/7 agreed and 1/7 slightly agreed) and 4 health care
professionals agreed that they would recommend this technology
to concussed youth. In addition, 100% (n=7) of the youth
participants agreed that they would use this technology if they
were to suffer another concussion in the future, and 86% of
participants either slightly agreed or agreed (9/14 agreed and
3/14 slightly agreed) that this technology would be useful in
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helping the youth self-manage their concussion. This suggests
that this mobile phone app may be an accessible, useful, and a
feasible concussion management intervention for concussed
youth.

This usability study provided valuable end-user feedback from
both youth and health care professionals. A number of usability
issues were identified, and the corresponding recommendations
to improve the design of the app were provided (Table 3 and
Multimedia Appendix 2); many low and moderate severity
issues were identified, and 4 high severity issues were identified.
In addition, some recommendations to improve the safety,
uptake, and overall design of the technology were provided.
Our findings suggest that participants rated this mobile phone
app as having high subjective usability as indicated by a mean
SUS score of 81.9 (SD 11.3). In addition, mean task success
rates were greater than 90% for 92% (11/12) of tasks, and most
(11/12; 92%) tasks had a total error frequency of less than 11,
which also suggests high objective usability. On average, each
task was completed in less than 2 min, which suggests this app
is highly efficient. The results of the posttest questionnaires
suggest that youth and health care professionals are open to
using this app for self-management of concussion in youth and
feel that this technology would be useful in helping the youth
in managing their concussions. Overall, the results from the
study suggest that participants rated this technology as usable,
acceptable to users, and that it may be useful in helping youth
self-manage concussion. Further work should include the
analysis of perceived physical and cognitive workload to
evaluate the safely of this technology, applying the
recommendations to resolve the identified usability issues,
modifying features to reduce physical and cognitive workload,
and conducting a second usability study. In addition, further
research is needed to trial this technology among a cohort of
concussed youth to evaluate the effectiveness and safety of this
technology.

Limitations
Most participants (12/14) were from Toronto, Ontario, and the
participants who chose to take part in this study may have been
more motivated, knowledgeable of concussion management,
and comfortable with using mobile phones. Thus, this sample
may not be representative of the general concussed youth and
health care professional populations. We were unable to gain

insight into how different age groups among children and youth
may engage and rate usability differently as this would require
a larger sample size with representation across ages. The data
from usability study were analyzed and interpreted to identify
usability issues. This could have biased the study results by not
having interpreted a participant’s comments appropriately
[32,49]. However, to reduce this bias, we confirmed all findings
during the exit interview and used the recordings to enhance
and clarify the findings. This study was conducted with the
researcher present in the room; a limitation of this type of study
is that the behaviors and performance of participants may be
altered as a result of their awareness of being observed [64].
Although the results of this study suggest that the participants’
response to this mobile phone app has been very positive, further
research is needed to trial this technology among a cohort of
concussed youth to evaluate the effectiveness and safety of this
technology and to identify the subpopulations for whom this
intervention would be most effective.

Conclusions
This research describes the development and usability evaluation
of an innovative and accessible pediatric concussion
management intervention in the form of a fully functional
Android mobile phone app prototype NeuroCare. The results
from our usability study indicate that participants rated this
technology as usable, acceptable to youth and health care
professionals, and that it may be useful in helping youth
self-manage concussion. Consistent with the current literature,
results from this research suggest that there are large gaps in
the way concussion is managed from both the youths’and health
care professional’s perspectives. This technology is expected
to help bridge the gaps in pediatric concussion management by
enabling and empowering youth to self-manage concussion by
providing easy access to expert-informed concussion
management strategies and helping guide youth in managing
and tracking their concussion recovery. Next steps should
include resolving the identified usability issues, modifying
features to reduce cognitive and physical workload, and then
conducting another usability study that should include the
evaluation of perceived physical and cognitive workload. Future
work should trial this technology among a cohort of concussed
youth to determine the effectiveness and safety of this
technology as a concussion self-management tool/intervention.
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Multimedia Appendix 1
Final prototype information architecture (higher resolution image). The app has a total of 8 main sections, with the Menu icons
shown near the top. The arrows show how each screen is linked to the Menu, and how screens are linked to other screens within
the application; the arrows indicate how a user could navigate through the different screens of the app.

[PDF File (Adobe PDF File), 3MB - humanfactors_v6i2e12135_app1.pdf ]

Multimedia Appendix 2
Low to medium severity usability issues and recommendations.
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Abstract

Background: A novel medical device has been developed to address an unmet need of standardizing and facilitating heart rate
recording during neonatal resuscitation. In a time-critical emergency resuscitation, where failure can mean death of an infant, it
is vital that clinicians are provided with information in a timely, precise, and clear manner to capacitate appropriate decision
making. This new technology provides a hands-free, wireless heart rate monitoring solution that easily fits the clinical pathway
and procedure for neonatal resuscitation.

Objective: This study aimed to understand the requirements of the interface design for a new device by using a human factors
approach. This approach combined a traditional user-centered design approach with an applied cognitive task analysis to understand
the tasks involved, the cognitive requirements, and the potential for error during a neonatal resuscitation scenario.

Methods: Fourteen clinical staff were involved in producing the final design requirements. Two pediatric doctors supported
the development of a visual representation of the activities associated with neonatal resuscitation. This design was used to develop
a scenario-based workshop. Two workshops were carried out in parallel and involved three pediatric doctors, three neonatal
nurses, two advance neonatal practitioners, and four midwives. Both groups came together at the end to reflect on the findings
from the separate sessions.

Results: The outputs of this study have provided a comprehensive description of information requirements during neonatal
resuscitation and enabled product developers to understand the preferred requirements of the user interface design for the device.
The study raised three key areas for the designers to consider, which had not previously been highlighted: (1) interface layout
and information priority, as heart rate should be central and occupy two-thirds of the screen; (2) size and portability, to enable
positioning of the product local to the baby’s head and allow visibility from all angles; and (3) auditory feedback, to support
visual information on heart rate rhythm and reliability of the trace with an early alert for intervention while avoiding parental
distress.
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Conclusions: This study demonstrates the application of human factors and the applied cognitive task analysis method, which
identified previously unidentified user requirements. This methodology provides a useful approach to aid development of the
clinical interface for medical devices.

(JMIR Hum Factors 2019;6(2):e12055)   doi:10.2196/12055

KEYWORDS

neonatal resuscitation; medical device; human factors; user-centred design; applied cognitive task analysis

Introduction

Background
Globally, there are approximately 3.6 million neonatal deaths
annually (ie, in the first 28 days of life), with 70% occurring on
the first day of life [1]. Up to 10% of newborns (79,000/year in
the United Kingdom and 13 million/year worldwide) require
some form of resuscitation at birth, with an estimated 7 million
babies worldwide requiring more advanced resuscitation [2].
The correct structured management of resuscitation in the first
few “golden” minutes after birth is critical to prevent significant
morbidity (eg, cerebral palsy due to hypoxia) or death. There
is strong evidence that standardized resuscitation training and
algorithms significantly improve newborn outcomes and could
reduce mortality by up to 30% [2,3].

International newborn resuscitation guidelines highlight the
importance of using the heart rate (HR) to guide resuscitation
and stabilization methods [4]. However, many of the methods
used to measure HR are inaccurate or technically challenging,
particularly in premature infants.

When assessing the HR, practitioners always have access to a
stethoscope but use other technologies less frequently [5]. HR
assessment using the stethoscope, through auscultation, is
inaccurate in about one-third of cases [6,7] and is not
continuous; therefore, it needs to be performed every 30 seconds.
As such, it is time consuming, which pauses resuscitation and
can lead to errors.

This paper describes an enquiry investigating the design and
use of a novel medical device developed to address the unmet
need of standardizing and facilitating neonatal resuscitation. In
an emergency time-critical resuscitation situation where failure
can mean death of an infant, it is vital that clinicians are
provided information in a timely, precise, and clear manner to
support decision making. The nature of this context requires an
interface that can ensure both the efficiency and reliability of
staff to access the most critical information. A touchscreen
interface was considered to be the best hardware solution. The
work described here focuses on the development of the design
requirements for a touchscreen interface that is integral to this
novel medical device.

To understand the requirements of this new device, and
specifically, the contributors to interface design, a human factors
approach was implemented, which combined a traditional
user-centered design approach with an applied cognitive task
analysis (ACTA) [8]. The aim of this study was to understand
not only the tasks involved but also the cognitive requirements
of clinicians. This study has enabled the generation of an
interface specification. In addition, the study’s findings provide

points of learning to other medical device developers and
clinicians, with an aim of understanding the complex
requirements and information needs of clinicians during neonatal
resuscitation.

Medical Devices to Measure Heart Rate in Neonates
Other common techniques for monitoring HR in the neonatal
intensive care unit, such as electrocardiography or pulse
oximetry, were not developed for resuscitation at birth. These
systems are used less due to their reliability, delay in HR
readings, and practical issues (eg, difficulty ensuring adhesion
to the skin) [5,9].

In the delivery room, electrocardiography and pulse oximetry
sensors are connected to the main monitors by cables. This can
make attachment more challenging and risks cold exposure with
the potential for hypothermia, which is an independent risk
factor for death in premature babies [10]. Current resuscitation
guidance for premature babies highlights the prevention of
hypothermia, and therefore, priority is given to drying the baby’s
head, putting on a hat, and placing the body (wet) in a plastic
bag/wrap [11-13].

To address the issues described, a novel HR monitoring
hardware solution using reflectance mode optical
photoplethysmograpy, an optical sensor, has been designed.
This monitor has been integrated into a single-use newborn hat,
specifically for use in newborn babies requiring resuscitation.
This solution aims to fit naturally into the existing care pathway,
allowing wireless, hands-free, quick, continuous, and accurate
HR monitoring via a touchscreen interface as well as minimizing
the risk of hypothermia. The effectiveness of the solution is a
combination of two features: the forehead placement, where
blood flow is preserved even in babies with a low HR (the
forehead blood supply comes from the carotid arteries that
supply the brain), and the sensor’s patented optical arrangement
and signal processing scheme, which has been proven to provide
high signal quality from neonatal patients [14]. Additionally,
the hat uses wireless communication, allowing greater flexibility
in deployment than cable-based solutions.

Human Factors/Ergonomics in Medical Device Design
The value of human factors/ergonomics (HFE) integration to
medical device design and patient safety has been recognized
over recent years [15-19], has gained formal recognition in
standards [20-23], and is a requirement of the European Medical
Devices Directive 93/42 and its 2007 amendment for obtaining
Conformité Européenne approval. Concerns still remain about
the quality and effectiveness of the interpretation of all relevant
standards and integration of HFE within the design/development
process. There appears to be a lack of “exemplar case studies”
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to illustrate how the design process and user-centered design
can contribute to product design in health care and how HFE
should be routinely implemented [24-26]. This is acknowledged
with specific barriers identified within small and medium
enterprises such as university spin-out companies [18].

This study contributes to the body of evidence on the application
of HFE methods to the formative evaluation of this novel
medical device, as required by the relevant standards [23],
through a collaboration between a university spin-out company,
the School of Medicine, and the Human Factors Research group
in the University of Nottingham.

This study focuses specifically on understanding
human-computer interactions and user requirements for the
computer interface of the device. The aims were (1) to identify
gaps in existing knowledge on user requirements for the
interface design of a novel resuscitation device and (2) to
represent the key design requirements to promote usability of
the touchscreen interface of the device.

Methods

This study collected and analyzed data from intended and
representative future users of the new device.

The ACTA method was selected for this study, as it is known
to be beneficial to health care domains [8,26]. The ACTA
facilitates the elicitation of cognitive requirements from
clinicians relative to a particular task and translates them into
design requirements for system designers [8]. The ACTA has
four key stages. Table 1 highlights how each stage of the method
is relevant to understanding the task of neonatal resuscitation.
For the purposes of this study, the ACTA method was modified
to accommodate clinical working practices, and the simulation
interview took the form of an interactive scenario-based
workshop.

The workshop aimed to recruit a range of health care
professionals, with varying levels of experience and
representative of those who might have involvement in neonatal
resuscitation procedures. A convenience sampling approach
was adopted for the recruitment of participants from two large
tertiary-based teaching hospitals in the United Kingdom. Posters
and flyers advertised the details of the study, and 12 staff with
experience of neonatal resuscitation were successfully recruited
(Table 2).

To explore the cognitive requirements further and elicit insight
from all practitioners, the workshop protocol divided the
practitioners into two groups of six people, split evenly to ensure
equal numbers of each job role for each group with the exception
of the clinical educator and trainee who were put in different
groups. This allowed different levels of experience and job roles
to explore the same simulation (Textbox 1). Ethical approval
was provided by the University of Nottingham, and all
participants gave their informed consent.

The two researchers (LP and AL) familiarized themselves with
the task of neonatal resuscitation by observing videos of a
simulated resuscitation provided by the two subject matter
experts (SMEs; LS and CH who are neonatal doctors with 8
years of resuscitation experience) and follow-up interviews to
clarify points of uncertainty and task identification. This was
necessary for practical reasons, as the observation of such events
cannot be planned. A review of the national neonatal
resuscitation algorithm [11] provided the researchers with an
understanding of the current UK practice. Finally, relevant
international and British standards [20-23] were consulted to
provide direction for the designers on medical device
recommendations.

There were five outputs from this study that were achieved
through the products listed in Table 1:

1. A high-level representation of the tasks required to identify
the need and completion of neonatal resuscitation (Table 1
- Stage 1 - task diagram

2. Identification of the key/difficult cognitive requirements
for neonatal resuscitation tasks, critical information, and
decision points (Table 1 - task diagram and knowledge audit
interview)

3. Analysis of the cognitive demand associated with key tasks
and potential errors (Table 1 - knowledge audit and
simulation interview)

4. User opinion on interface design options to support
cognitive requirements, reduce potential for error, and
record neonatal resuscitation events (Table 1 - simulation
interview)

5. A comprehensive outline of user and design requirements
for the interface design and relevant standards (Table 1 -
simulation interview and cognitive demands table)
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Table 1. Description of the applied cognitive task analysis.

Stage 4 - Cognitive demands
table

Stage 3 - Simulation interview
- workshop

Stage 2 - Knowledge audit interviewStage 1 - Task diagramDescription

To summarize and integrate
the information obtained from
the previous three steps and
interview data gathered prior
to the study.

Observation of a challenging
scenario (Textbox 1) involv-
ing the task of neonatal resus-
citation. Each key task is
queried to explore the critical
cues, assessment, actions, and
potential for error:

Interview with 2 SMEs (180 min-
utes). Starting with the use of the
knowledge audit probes (Multime-
dia Appendix 1) to elicit general
domain knowledge of how an expert
may deal with a neonatal resuscita-
tion while exploring potential errors
that novice users may make. Specif-
ic examples of how certain cues and
strategies supported individual tasks
were also explored.

Interviews with two SMEsa

familiar with the task of
neonatal resuscitation

Method

• Interview 1: Task identi-
fication with SME 1
(150 minutes)

• Interview 2: Verification
of task representation
with SME 2 and identifi-
cation of key/difficult
cognitive tasks with
SMEs 1 and 2 (75 min-
utes)

• What actions, if any,
would you take at this
point?

• What do you think is go-
ing on here? What is
your assessment of the
situation at this point in
time?

• What pieces of informa-
tion led you to this situa-
tion assessment and
these actions?

• What errors would an
inexperienced person be
likely to make in this sit-
uation?

A comprehensive record of
the findings of the project
goals

To determine the cognitive
process involved with key
tasks and potential error

To highlight which aspects of the
task require expertise and which
cues and strategies are relied upon
to understand the impact on the
novice user

To provide a broad view of
the task and identify difficult
cognitive components

Purpose

A spreadsheet of the data col-
lated through the study

Identification of difficult cog-
nitive components of task, in-
formation, and priorities

Identification of critical cues
relevant to decision making
for each key task and potential
for errors in novice users

Essential and desirable infor-
mation requirements

Group mock-up of interface
design on a cardboard model

Individual annotation of a pa-
per-based image of the intend-
ed interface screen

Identification of critical cues and
interpretation of information to diag-
nose and predict situation

Identification of strategies relied
upon by expert users

Identification of the potential for
errors in novice users

Key tasks associated with
neonatal resuscitation using
sticky notes (Figure 1)

Visual representation tasks
using Microsoft Visio soft-
ware (version 2013)

Verification of task represen-
tation

Key/difficult cognitive tasks
(eg, those requiring decision
making, judgements, assess-
ments, or problem solving)

Products

aSME: subject matter expert.

Table 2. Details of the workshop participants.

Number of participantsNumber of years/range of experienceJob role

12Neonatal trainee nurse

21-16Neonatal nurse

40-25Midwife

21.5-5Pediatric/neonatal doctor

130Neonatal clinical nurse educator

215-22Advanced neonatal nurse practitioner
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Textbox 1. Simulation of a challenging scenario used to probe practitioners during the workshop.

Past Clinical History

A first-time mother at 42 weeks’ gestation presents with her baby stuck due to shoulder dystocia. She has a slight fever and no past medical history
but has received diamorphine during her labor. Labor was induced through artificial rupture of the membrane. She has prolonged rupture of membranes
and labor has been ongoing for 24 hours. The baby’s head was delivered 10 minutes before the baby’s body and the airway appears clear.

1. Assessment of observations

• Baby presents floppy, white, and not responding to vigorous stimulus. Heart rate < 60 beats/minute with stethoscope and no respiratory
effort evident.

2. Progression of intervention

• After two sets of five inflation breaths, there is still no chest movement.

3. Chest compressions commenced

• The chest moved but heart rate remained slow.

Figure 1. A sample of the representation of the task analysis completed with clinicians to illustrate neonatal resuscitation.

Results

The practitioner workshop involved pediatric doctors (n=2),
neonatal nurses and educators (n=3), advanced neonatal nurse
practitioners (n=2), and midwives (n=4) with 0-30 years of
experience (average of 11 years). The workshop and SME
interviews identified factors relevant to device and interface
design not previously considered by the design team.

Context of Neonatal Resuscitation Tasks
The critical characteristics of a neonatal resuscitation were
described by practitioners as time pressured and unpredictable
albeit well-rehearsed. This is likely to be an emotional and
stressful situation for the parents involved. The location of a
neonatal resuscitation may vary and could include the labor
suite, midwife-led unit, birthing pool room, operating theatre,
patient’s home, or ambulance. Participants suggested that the
portability of the system should therefore be prioritized.
Practitioners considered the attachment features of the device
to replicate those of a car satellite navigation screen, with
options to secure (which implies the device is attached but can
be adjusted) and rotate the screen to ensure a continual good
line of sight. The physical environment suggests lighting may
also vary (eg, bright theatre lights and variability in lighting
within a single resuscitation). The device may also remain in
use when transferring the baby between delivery and the

neonatal unit or in ambulances, hence making it resistant to
vibration and movement.

Alarms were considered useful only in certain contexts and the
type, such as frequency, and pitch of alarm required sensitivity
in design to avoid undesirable consequences for parents and
clinicians [27,28].

The device may be used in the context of other medical devices
(eg, Resuscitaire, a portable “platform” for neonatal resuscitation
integrated with required equipment). Compatibility between
equipment is essential to ensure usability and reliability.

Tasks Relevant to Neonatal Resuscitation
The SME interviews (interviews 1 and 2 in Table 1) suggested
seven relevant high-level cognitive tasks and produced the first
study output, a high-level representation of the tasks required
during neonatal resuscitation (Multimedia Appendix 2): establish
a history of events, assess baby, interpret HR, interpret
respiration, support respiration, continual reassessment, and
decide to act.

These tasks were considered based on the core principles of the
task analysis [29]. The top layer represents “what” has to be
done (Multimedia Appendix 2), and further descriptions in the
layer below describe “how” it has to be done (Multimedia
Appendix 2). A visual representation was shared with clinicians
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within the workshops, and a consensus was reached for the final
presentation. Figure 1 illustrates a sample of the representation
shared.

Nine tasks in total were agreed upon by the SMEs and workshop
participants, to have a cognitive element to them (Multimedia
Appendix 2). The nine tasks included receive antenatal history,
assess baby using Apgar score [30], interpret chest movement,
interpret HR, decide on action, direct view and clearing of
airway, assist breathing, decide to intubate, and decide to
medicate.

Cognitive Requirements, Demands, and Potential
Error
The interviews completed during the development of the task
diagram and the knowledge audit interview elicited information

relevant to the difficulty and nature of the cognitive work
including cues, assessment, judgements, problem solving,
decisions, and actions combined with potential challenges and
errors and strategies relevant to the nine cognitive tasks.

The findings from these first two stages of the ACTA method
were verified and enriched by data obtained during the
simulation interview workshop. The data from all three stages
of the ACTA method were collated within a spreadsheet (a
template of the one used is provided in Multimedia Appendix
2) and then combined and simplified to produce a cognitive
demand table for each of the nine cognitive tasks (Textbox 2).
These created the second and third study outputs.

Textbox 2. Cognitive demand table to assess the baby using the Apgar score to inform decision and actions.

Why is it difficult?

• Interpretation of heart rate and chest movement relative to normal parameters

• Judgement of accuracy and reliability of heart rate display

• Reliance on previous experience and recognition of “normal” heart rate and chest movement to inform decision and actions

• Multiple tasks in short time frame: visual check of heart rate, chest movement, tone, and skin color. Continual re-evaluation every 30 seconds

• Requires expertise to ensure decision making within a short timeframe and potentially stressful environment

Common errors

• Accuracy in interpretation of heart rate

• Fail to recall normal heart rate and chest movement

• Estimation/recall of time elapsed between key events

• Failure to recognize when to act (eg, call for help and intubation)

• Avoidance behavior: fear to act/“failure to rescue”

• Overreliance on technology (lacking reliability) and colleague’s earlier assessment

• Quiet breathing missed (eg, preterm babies)

• Lighting can distort baby color

Cues

• Absent heart rate, heart rate < 60 beats/minute

• Heart rate > 100 beats/minute

• Floppy

• White coloring

• No breathing/gasping

• Stressful environment

• Absence of baby crying

Strategies

• Consider how to obtain support with minimal alarm to parent

• Continually question interpretation/reliability of information

• Continual reassessment at 30 seconds and after 1, 5, and 10 minutes

• Closer inspection (eg, ear to mouth), observe rib cage and abdomen, listen for absence of sound or gasping
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The two workshop groups further informed the fourth and final
study outputs, which produced a specification and illustrated
mock ups with notable differences in the priorities for design.
One group preferred to protect the simplicity of the device and
represent HR as the only physiological marker, with an event
timeline running in the background. The other group preferred
to include oxygen saturation and a visible record of an event
timeline (Figure 2).

After the two workshop groups had worked through the
simulation independently, they together presented their
specifications and mock ups. Individual participants were then
asked to reflect on the work they had done in their groups and
on the presentation from the other groups to produce their own
personal interface design. These individual contributions were
analyzed to interpret group preferences and produce cumulative
representations of the data as a heat map (Figure 3). This
indicates consensus on the location of interface information
sources, summarizing individual location preferences (12
practitioners) of the five information types. The x-axis indicates
the width of the screen and the y-axis indicates the height of
the screen. Each screen was broken up into 24 areas (6 along
the x-axis and 4 along the y-axis). The color bars are normalized
against the maximum number of practitioner votes for each area
on the heat map.

In summary, the stages within the ACTA method are provided
below:

1. Task diagram
• A breakdown of the physical and cognitive activities

involved in the context of neonatal resuscitation

• Visual representation of SME perspectives of the key
cognitive activities

2. Knowledge audit interviews
• Detailed descriptions of the nature of the cognitive

work required, cues, and strategies relied upon and
potential for error

• Insight into differences between expert and novice
practitioners in the context of neonatal resuscitation

• Examples of previous experiences that revealed
influences of the people involved/present,
environmental factors, and the emotional nature of the
context.

3. Simulation interview (workshop)
• Verification of the task diagram and understanding of

cognitive requirements based on a broader group of
experts

• Additional insights into cognitive work required, cues
and strategies relied upon, and potential for error based
on the experience of the participants

• Consideration of future user and health care contexts
• Design suggestions that reflect practitioners’

preferences and understanding of the cognitive
activities and potential errors discussed

4. Cognitive demands table
• An assimilation of all of the abovementioned findings

in a usable format to inform and justify the development
of the design requirements

Figure 2. Mock-up of interface designs produced during simulation interview.
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Figure 3. Heat map indicating consensus for the location of key information sources.

Themes relative to essential and desirable characteristics for
the interface were elicited. These were combined with
recommendations from international standards to produce a set
of design requirements [20,23,31-35]. A typical example of the
information contained within these requirements is provided in
Textbox 3. The final decision for timer position was influenced

by users and optimization of the display screen space. The
information obtained informed the final design developed and
indicated priorities for future usability testing. This information
and the heat map were developed as a block diagram and
informed the graphical user interface concept (Figure 4).

Textbox 3. Design requirements related to information layout.

Essential characteristics

Heart rate should be central and the largest text on the screen. This should allow visibility from all angles and the heart rate information should occupy
two-thirds of the screen.

Desirable characteristics

Divide the screen to have a margin on the side of the screen with buttons to mark events. One group suggested illustration of a visible timeline. The
second group did not agree with any more information than essentially required (eg, heart rate).

International standards and recommendations

Hierarchy of the content of information displayed should be implied by the layout. The most important information should occupy priority space,
typically top left for large screens and central for smaller screens, with adequate blank space and borders to separate information sources
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Figure 4. Block diagram (a) and the Graphical User Interface concept (b) developed from the block diagram.

Discussion

Principal Findings
To our knowledge, the ACTA method has not been used in the
development of resuscitation devices. There are many HFE
methods relevant to the design process [36,37]. The value of
methods suitable for identifying user requirements was
considered previously [17], and that paper concluded that both
focus groups and user testing were beneficial. ACTA in medical
device design does not appear to be well applied [18] despite
recognition that it could be a useful tool in the domain of health
care [8]. The application of such methods, rather than just the
completion of the traditional hierarchical task analysis, is well
recognized for their benefit of formatively understanding critical
cues, decision making, judgements, constraints, and potential
errors in the context of a work situation; however, they are also
considered resource intensive [8,38,36].

The ACTA was developed to address some of these issues. The
method was developed to allow practitioners within the area of
work studied and system designers to elicit cognitive
requirements relative to task performance and translate these
into design requirements [8].

This approach was considered desirable for this study as a
method to understand user decision making and critical
information requirements from the intended interface and to
illustrate a method that could be applied by practitioners
themselves in future design/evaluation of medical devices. In
addition, pragmatically, the time available suggested that
efficiency was desirable in any method selected, which the
ACTA offered.

This method has allowed the tasks required for neonatal
resuscitation to be fully considered in relation to cognitive
requirements, actions, and potential errors. This participatory
approach has offered a systematic analysis of the resuscitation
process, described as “logical and rigorous” by the SMEs.
Successful implementation within the context of health care has
been suggested as benefiting from such participation to ensure
that relevant stakeholders influence the design of an intervention
to fit their own contexts [39]. ACTA allowed user requirements
to be identified specific to different contexts and stages within
the resuscitation process.

The success of the ACTA approach came from engaging
participants from different job roles to consider contexts familiar
to them and ensure practitioners considered cues with the
greatest significance to completing the required tasks, likely
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errors, and how interface design can support these tasks. The
outputs of this study have provided a comprehensive description
of information requirements during neonatal resuscitation and
enabled product developers to understand the core and preferred
requirements of the user interface design for the device. These
outputs have been used to develop an interface, which prioritizes
simplicity and provides a set of user requirements, to test the
device during future testing (Figure 5).

The study raised three key areas for the designers to consider,
which had not previously been identified: interface layout and
information priority, size and portability of the device, and
auditory feedback.

The amount of information, which ultimately influences the
size of the screen, will be determined by the intended function
of the technology. Considering the task of neonatal resuscitation,
it becomes apparent that early on in the process of resuscitation,
HR is the key indicator used by practitioners. This information
was prioritized by both groups and all individual designs of the
interface. Some preferred that this alone should be the function
of the device. It was considered desirable to ensure the device
had a relatively small interface that could be positioned freely
and local to the baby’s head. The auditory feedback proposed
by practitioners was to support visual information and
interventions early on in the resuscitation process. The nature
of the feedback should communicate information on HR, such
as rhythm and reliability of the trace. The practitioners went on
to suggest that with different auditory settings, the device could
be used as a monitoring device within a neonatal unit, not
previously considered by the developers. The implications of
auditory feedback raised the importance of considering both
practitioners and patient representatives (eg, parents within
future usability testing) [39].

An integral timer was also considered essential, as it would
serve as an indicator for the timeline of events within a
resuscitation. Currently, the clock started at the time of birth is

integral to the Resuscitaire, but future user testing needs to
explore how the novel device will influence this practice.

Considering the community setting, there may be less access
to oxygen saturation devices. The novel HR device has the
potential to compensate for this absence. Within secondary care,
the oxygen saturation devices were considered useful when
intubating, to secure an airway for the transfer to a neonatal
unit. Including oxygen saturations implied greater usability for
the device in alternative situations and work contexts in the
future. However, practitioners also acknowledged a risk where
oxygen saturations could actually be a distraction for less
experienced practitioners from the critical cue of HR, which is
considered a better indicator of neonatal status and relied upon
by expert practitioners.

The benefit of having an HR reading immediately next to the
baby’s head on the wireless module was considered of high
value. This would reduce the need to continually look between
the baby’s head and an interface screen, where the HR would
be viewed at a distance. Suggestions were made about the
functionality of the wireless module (Figure 1), including how
it could be the component within the device used to download
contextual information such as an event log. This would avoid
the need for a separate memory stick or disc to store data,
reducing the risk of lost device components or information,
which is a current problem with other medical devices.

Failure to recognize or acknowledge a deteriorating HR was
considered. The device design could incorporate feedback to
increase awareness of this critical cue. A change in screen color
was suggested as the preferred prompt by some; however,
further usability testing is required to find out if this improves
practitioner performance in reacting to a deteriorating HR or is
perceived as distracting or anxiety provoking. How color is
used on the interface will also need to be explored by using
color convention guidance and usability testing [20,23,32,33].

Figure 5. Resuscitation device comprises a single-use thermally insulating hat that communicates wirelessly (via battery powered modules) with a
display mounted on the resuscitation table.
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The final decisions made on the interface layout were based on
the optimization of the screen by the design team. “Future
proofing” the device was also considered during the workshop
and generated an enthusiastic discussion on how an additional,
but linked, mobile device could be used to assist a designated
scribe in recording key events within the resuscitation timeline.
Currently, the accuracy of a written report of neonatal
resuscitation is variable, usually involving the most
inexperienced team member to scribe. Future electronic records
were proposed as complementary to an event marker control,
operated by those delivering or supporting the resuscitation,
while recognizing that the timing may be slightly delayed.
However, this was considered sufficient to develop a
retrospective view of the sequence of events. The electronic
recording of these data was considered of significant value for
those in governance roles, clinical learning, and audit.

Strengths and Limitations
The ACTA method provides an efficient, comprehensive, and
participatory approach capable of understanding user decision
making and critical information requirements from the intended

interface. Practitioners discussed the potential for this device
beyond the original context considered by the developers.

The limitations of the study were in the sampling of clinicians.
Volunteers led to the larger ratio of nurses and midwives to
doctors. However, the SMEs were experienced doctors in
neonatal resuscitation and fully engaged in the whole study.
Limitations of this study have constrained further development
of the interface, and device, simulation, and usability testing
should ensure the views and suggestions raised by participants
can be tested and translated into a real-world device.

Conclusions
This is the first study to apply the ACTA approach to elicit user
requirements for a novel device for neonatal resuscitation. This
study demonstrates the application of human factors to inform
the development of resuscitation devices, and more generally,
for medical device developers and clinicians in the design and
evaluation of medical technologies.

The study has provided previously unidentified user
requirements and details about the variables, which will inform
future usability testing of the interface developed.
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Abstract

Background: The adverse event report of medical devices is one of the postmarket surveillance tools used by regulators to
monitor device performance, detect potential device-related safety issues, and contribute to benefit-risk assessments of these
products. However, with the development of the related technologies and market, the number of adverse events has also been on
the rise, which in turn results in the need to develop efficient tools that help to analyze adverse events monitoring data and to
identify risk signals.

Objective: This study aimed to establish a hazard classification framework of medical devices and to apply it over practical
adverse event data on infusion pumps. Subsequently, it aimed to analyze the risks of infusion pumps and to provide a reference
for the risk management of this type of device.

Methods: The authors define a general hierarchical classification of medical device hazards. This classification is combined
with the Trace Intersecting Theory to form a human-machine-environment interaction model. Such a model was applied to the
dataset of 2001 to 2017 class I infusion pump recalls extracted from the Food and Drug Administration (FDA) website. This
dataset does not include cases involving illegal factors.

Results: The proposed model was used for conducting hazard analysis on 70 cases of class I infusion pump recalls by the FDA.
According to the analytical results, an important source of product technical risk was that the infusion pumps did not infuse
accurate dosage (ie, over- or underdelivery of fluid). In addition, energy hazard and product component failure were identified
as the major hazard form associated with infusion pump use and as the main direct cause for adverse events in the studied cases,
respectively.

Conclusions: The proposed human-machine-environment interaction model, when applied to adverse event data, can help to
identify the hazard forms and direct causes of adverse events associated with medical device use.

(JMIR Hum Factors 2019;6(2):e10366)   doi:10.2196/10366

KEYWORDS

infusion pump; risk management; equipment failure; hazard analysis and critical control points; man-machine systems

Introduction

Infusion Pumps
Continuous intravenous delivery of drugs with short half-lives,
such as inotropic agents and vasodilators, is a recommended

technique in acute care [1]. A syringe pump is a device that
intravenously infuses fluids, drugs, or nutrients in the patient
[2]. The use of infusion pump is helpful as it helps in reducing
nurses’ workload and in improving accuracy and efficiency in
terms of delivery of drugs or fluids. The purpose of using a
syringe pump in clinical settings is to administer an accurate
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amount of drug or fluid over a relatively long duration, and it
can be especially favorable for continuous infusion of very small
amounts such as 0.1 mL/hour [3]. In clinical settings, transfusion
pumps and syringe pumps are referred to as infusion pumps.

The infusion pump system is mainly composed of the following
parts: the microcomputer system, the pump component, the
detection system, the alarm device, and the input and display
devices. The microcomputer system controls and manages the
whole system intelligently, prevents the occurrence of incorrect
infusion, and sends an alarm signal to the alarm device for sound
and light alarms. The pump component is the power source of
the liquid injection. The detection system, which is usually made
up of different kinds of sensors in different parts, is used to
detect the working state of the infusion pump, thereby
facilitating the detection of all kinds of abnormalities in time.
The alarm device is used to inform the medical and nursing
staff of the normal and abnormal states. The input part is used
to set the parameters of the infusion, such as the amount of
infusion and the speed of the infusion. The display section is
responsible for displaying the parameters and the current
working state.

The use of infusion pumps was identified as the area with the
highest risk, based on incident report data [4]. In unique studies
by Keers et al, a higher median medication administration error
(MAE, 10 studies used denominators falling within the total
opportunity for error [TOE] definition of the 12 studies that
examined only intravenous administration) rate was observed
for the intravenous route (53% excluding timing errors;
interquartile range [IQR]: 27%-58%) without timing errors
(n=5) using tolerable negative error (TNE) compared with when
all administration routes (56 used the TOE denominator of the
61 studies observing all routes of administration) were studied
(20%; IQR: 9%-25%) without timing errors (n=17) using TNE,
where each dose could accumulate more than 1 error [5].
Intravenous infusion may present the greatest preventable MAE
risk to hospitalized patients [6]. At present, infusion pumps are
commonly used in clinics; however, problems exist with respect
to the use of infusion pumps in clinics, including discontinued
infusion, leakage, inaccuracy of infusion dose, and too fast or
too slow infusion speed. According to the clinical needs,
analyzing the failure and mode effect of infusion pumps was
useful for evaluating the ease of use and ergonomics and
evidence-based procurement [7].

The failure modes and infusion errors of infusion pumps are
always the top 10 hazards on ECRI Institute’s annual list.
Top-ranked hazards of 2017 announced by ECRI Institute focus
on infusion errors that can occur when using large-volume
infusion pumps [8]. On August 23, 2013, ECRI Institute Patient
Safety Organization’s (PSO) clinical engineering staff found
certain risks associated with use of infusion pumps during a
regular review of device-related events submitted to the PSO.
The team saw multiple events at 1 hospital in which an infusion
pump had stopped working with no apparent cause. Investigation
revealed that a disconnection between the pump module and
the personal computer (PC) unit had caused unexpected
cessation of infusion therapy for several patients. The problem
resulted from corroded or damaged interunit interface connectors
[9]. In the ECRI Institute’s PSO Monthly Brief published in

February 2015, the patient safety analyst of ECRI Institute PSO,
Stephanie Uses, emphasized the potential risk on each phase of
the medication use process. She said that there is a risk of
confusion among look-alike or sound-alike injection drugs
formations, concentrations, and dosages when prescribing the
proper one for the patient during the prescribing stage. Risks
during the monitoring phase include inadequate
monitoring—when patients’ response to insulin is not observed
to see if an adjustment in dose is necessary [10].

Thus, effectively decreasing the risks of infusion pumps in
clinical settings will be critical for improving the success rate
for emergency treatment of patients. In 2010, Zhang et al
introduced a generic insulin pump model and a preliminary
hazard analysis based on this model [11]; they divided the
hazardous situations into 5 categories associated with the generic
insulin infusion pump, including therapeutic, energetic, chemical
or biological, mechanical, and environmental. Curzon et al
established a tool focused on understanding how the design of
interactive medical devices (such as infusion pumps, monitors,
and diagnostic devices help save lives) can support safety [12].
Masci presented a hazard analysis that identified a substantial
set of root causes of use hazards in software design, which is
general in the sense that the problematic functionalities are
common in broad classes of infusion pumps [13]. Masci et al
established a model-based risk analysis methodology that helps
manufacturers identify and mitigate use hazards in their products
at early stages of the development life cycle [14]. They also
presented a generic user interface (UI) architecture, Generic
Infusion Pump User Interface, to facilitate the identification
and reasoning of use hazards in infusion pumps [14].

Medical Device Adverse Events
The medical devices, because of their natural characteristics,
may bring safety risks, together with health benefits, to the
users. The adverse events associated with the qualified
postmarket medical devices cause a variety of harms (or
potential harms) to the human body under normal operation.
These adverse events (including any symptoms, signs, diseases,
or the events could result in significant injury or death) do not
necessarily have a direct causal relationship with medical
devices and can only be temporarily associated with medical
devices. The monitoring of medical device adverse events can
be useful in warning health care institutions and regulatory
bodies on how to use medical devices safely and effectively.
All national regulators have established a corresponding data
reporting system to actively collect medical device adverse
events.

To reduce or avoid the possible risks and damage to human
health caused by medical devices, recalling the postmarket
defective medical devices is an internationally accepted method
for safety management of postmarket medical devices. Being
one of the active practitioners of medical device recall, the US
Food and Drug Administration (FDA) categorizes all recalls
into 3 classes according to the level of hazards caused by
medical devices. The class I is defined as dangerous or defective
products that predictably could cause serious health problems
or death [15]. The recalls are available in the Medical
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Devices/Safety/List of Recalls on the FDA's official website
[16].

In 1972, Professor Elwyn Edwards first proposed the principle
of human as the center of a particular system interface in security
work, including elements such as software, hardware,
environment, and liveware (SHEL). The acronym SHEL stands
for these 4 elements, and these factors constitute the SHEL
model. The human error should be analyzed because of the
mismatch between interfacial elements. With respect to the use
of medical device risk analysis, in 2011, Long et al established
a medical personnel –centric medical device risk analysis model
based on the SHEL model, called device, environment, liveware,
patient, software [17]. Masci et al presented a hazard analysis
method that extends Leveson’s System Theoretic Process
Analysis with a comprehensive set of causal factor categories
so as to provide developers with clear guidelines for systematic
identification of use-related hazards associated with medical
devices, their causes embedded in UI software design, and safety
requirements for mitigating such hazards [18]. Harrison et al
concerned with how to demonstrate that a UI software design
is compliant with use-related safety requirements, and they
established a methodology that aims to demonstrate how to
achieve the FDA’s agenda of using formal methods to support
the approval process for medical devices [19]. Masci et al
established a technique that integrates human cognitive process
models and general interaction design principles and uses a
model-based approach for systematic exploration of potential
hazards [20].

However, from the perspective of medical device supervision,
the goal of postmarket medical device risk management is to
further discover the causes of unacceptable risks associated with
medical devices products through production and postproduction
safety data (including medical device adverse events), such as
product design, production process, specifications and other
issues, and then take appropriate risk control measures, that is,
considering product as the center of the risk analysis, carrying
out evaluation and control process, and making sure that its
starting point and foothold are products.

Therefore, based on the above research results, this paper
presents a hazard classification framework of the medical
devices and human-machine-environment interaction model,
which was used to analyze 70 cases of FDA class I infusion
pump recalls, to identify the direct cause of all risks, then put
forward some advice for the life cycle management of infusion
pumps.

Methods

Overview
Adverse event reports are the main source of data for this study.
Our aim here was to find key hazard risk factors and direct
causes through the analysis of adverse event reports. Analyzing
the hidden risk of medical device based on adverse event report
is generally considered as a complicated job. The risk factors
cannot be directly extracted if we do not have an appropriate
tool to structuralize the content in those reports. For example,
in an infusion pump, the application environment is a complex

system of human-machine-environment interaction. It is almost
impossible for us to identify the hidden risk factors without
thoroughly understanding this complex system. Therefore, in
this study, we developed a tool that allows the modeling of such
a complex system, and then, we used this tool to analyze the
hazard of infusion pumps.

This tool was developed based on the Trace Intersecting Theory,
which is a widely used generic tool for the analysis of a complex
system. However, it is too general to be directly applied to our
target—infusion pumps. To better adapt to the characteristics
of medical device products, we extended this theory with 5 new
types, so that the model could be applied to the risk analysis of
medical devices, and then applied it to analyze the infusion
pump recalls.

The Hazard Classification Framework
In terms of the evolution process of safety theory, the early
theories of accident proneness emphasized the influence of
people’s personality characteristics on accidents. Later in 1931,
Heinrich put forward the accident causation theory, emphasizing
that accidents are the result of the interaction of various factors.
In 1961 and 1966, Gibson and Haddon introduced a new
concept: accidents are incorrect or undesirable energy transfers
or releases. At this time, it was discovered that injury accidents
could be prevented by controlling energy. In 1969, Surry
suggested that people’s mishandling of information might lead
to accidents. After the inheritance and development of these
ideas by many people, it was found that the unsafe behavior of
people or the unsafe state of things is the direct cause of
industrial accidents.

The Trace Intersecting Theory focuses on the cause of the
accident. Such causes can be summarized as equipment’s faults
(or defects) and human errors. The intersection of the 2 event
chains indicates an accident. The basic idea is that injury
accidents are the result of the development of 2 series of
interrelated people and things (including the environment). As
a result of a variety of factors, the unsafe behaviors of people
and the unsafe state of the objects will keep on evolving in their
respective trajectories, and accidents will happen at a later point
when they meet or interact at a certain time and space (see
Figure 1).

The occurrence mechanism of medical device adverse events
consists of 4 types of interactive factors (see Figure 2). Among
them, the parasitifer is an individual who may be injured,
including the patient and/or medical personnel. The applicator
is the medical device that generates force and transmits or
prevents energy, and a human-machine relationship is formed
between the applicator and the parasitifer. For the purpose of
diagnosis and treatment, the exchange or transmission of
material, energy, and information between the human body
system and the medical device system will continue. When the
material, energy, and information involved in the exchange or
transmission exceed the limit tolerance of the human body, a
certain type of harm will occur, which we refer to as hazard
mediums. The hazard situation focuses on the conditions or
environment in which the injury occurs, that is, the condition
and degree of the human body in various hazardous
environments.
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Figure 1. The schematic diagram of the Trace Intersecting Theory.

Figure 2. The mechanism of medical device adverse events.

Modern physics considers that material and energy are the
elements of the objective world, but a closer look will find that
information is another attribute of the objective world, in
addition to the material and energy [21]. Therefore, we use the
material, energy, and information as the 3 fundamental elements
to model the objective world for the purpose of hazard analysis,
but it is difficult to separate material from energy because energy
exists in any type of material, and energy cannot live alone
without the material being its host. Thus, in the following
analysis, the material and energy are merged together and is
analyzed as energy.

Therefore, medical device adverse events can be divided into
3 types based on different hazard mediums: (1) Type I: Energy
hazard; (2) Type II: Information hazard; and (3) Type III:
Energy and Information hazard (see Table 1).

The Energy hazard medium is called type I medical device
adverse event. It refers to the event wherein medical devices
may directly cause human injury in the form of energy under
the application environment [22]. The Energy hazard can be
further divided into 2 subtypes: the excess energy and the
insufficient energy. Among them, the excess energy refers to
the scenario when certain kind of energy exceeds the threshold
that the humans can bear, which may directly or indirectly lead
to the damage of human body. The form of such excess energy
can be mechanical energy (Ia-01), radiant energy (Ia-02),

thermal energy (Ia-03), electricity (Ia-04), biological and
chemical energy (Ia-05), and the others (Ia-06). The insufficient
energy refers to an event that may cause human injury directly
because of interference in the normal life energy and material
exchange, between the human body and the surrounding
environment. These cases are in the form of hypoxia,
hypothermia, and hydropenia, which can cause exchange
impairment between the human body and the surrounding
environment (Ib-01), or the failure of life support or first-aid in
critically ill patients (Ib-02), and the others (Ib-03).

The Information hazard is called a type II medical device
adverse event. It refers to events that may directly cause human
injury in the form of information under the application
environment. This type of hazard can be further divided into 3
types: incorrect information, insufficient information, and
overloaded information, which are in the form of data, text,
sound, and image.

The Energy and Information hazard has the characteristics of
both the type I and type II hazards at the same time and is called
type III medical device adverse event. According to the weight
of each constitutional hazard, the type III hazard can be divided
into 3 subtypes: the energy-dominant, information-dominant,
and dual-culprit. The dual-culprit subtype means that both
Energy and Information contribute significantly to the hazard.
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Table 1. The hazard classification framework of the medical devices.

SubtypeHazard classification

Subtype Ia: (excess energy)Type I: Energy hazard

Subtype Ib: (insufficient energy)

Subtype IIa: (incorrect information)Type II: Information hazard

Subtype IIb: (insufficient information)

Subtype IIc: (overloaded information)

Subtype IIIa: (energy-dominant)Type III: Energy and Information hazard

Subtype IIIb: (information-dominant)

Subtype IIIc: (dual-culprit)

The Direct Causes Classification
From the viewpoint of system security, the risk factors of
human-machine-environment system come from 3 interrelated
aspects: human, machine, and environment. In a specific
environment, the user has acquired recognition, perception of
different information of medical devices, and repeated the actual
operation. Through this process, medical devices can be

controlled and used to diagnose and treat patients. To describe
how a hazard was caused by such interaction among human,
medical device, and environment, the authors define a
human-machine-environment interaction model (see Figure 3)
that contains 5 kinds of direct causes (operator-device, O-D;
patient-device, P-D; environment-device, E-D; device, D; and
unknown, U). Each direct cause (see Table 2) represents a set
of direct causes of certain group of adverse events.
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Figure 3. The schematic diagram of the human-machine-environment interaction model.
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Table 2. The type of direct causes.

Main formsDescriptionDirect cause

Usability problems: display interface; control interface;

HMIa matching (space, seat, and workspace); label or
specification; other

A safety accident that may be caused by a problem in the
interaction between the operator and the device

Operator-device

P-D-1 usability problems: display interface; control inter-
face; HMI matching (space, seat, and workspace); label or
specification; other

A safety accident that may be caused by a problem in the
interaction between the patient and the device

Patient-device (P-D)

P-D-2 internal risk: biocompatibility (blood, tissue, and
immunoreaction); tissue or organ infection; tissue or organ
damage; other

Effect on the environment or disturbance by other devices:
pollution (eg, air pollution); disturbance (eg, electromag-
netic interference; other

A safety accident that may be caused by a problem in the
interaction between the environment and the device

Environment-device

D-1 (hardware failure); D-2 (software failure)A safety accident that may be caused by component failure
of the device

Device (D)

Unknown scientific principle involves multiple chaotic
factors and unexpected events

Unknown causes or unexpected injuriesUnknown

aHMI: human-machine interface.

The O-D type direct cause refers to the safety events caused by
the problem in interaction between the operator and the device,
which is mainly expressed as the availability problems, including
display interface, control interface, and label or specification.
The P-D type direct cause refers to the safety events caused by
the problem in the interaction between the patient and the device,
which is mainly expressed as the availability problems and the
internal risk. The interpretation of the availability problems is
the same as above. The internal risks include biocompatibility
(blood, tissue, and immune response), tissue or organ infection,
and tissue or organ injury. The E-D type direct cause refers to
the safety events caused by the interaction between the
environment and the device, which is mainly expressed as the
equipment affecting the work environment or being affected by
other facilities. The D type direct cause refers to the safety
events caused by the failure of the device component, which is
mainly expressed as hardware failure and/or software failure.
The U type direct cause refers to the safety events caused by

unknown causes or unexpected injuries. Among them, O refers
to operator, P refers to patient, D refers to device, E refers to
environment, and U refers to unknown.

To help readers to better understand the use of the hazard
classification framework established in this paper, the following
example provides detailed instructions, shown in Multimedia
Appendix 1: ID 17. Manufacturer reason for recall: package
labeled as an insulin syringe for use with U-100 insulin contains
an insulin syringe for use with U-40 insulin. This entails the
risk of overdose of insulin. The incident involved 2 aspects of
the hazard, including overdose of insulin (Ia-05) and mislabeling
(IIa), which is caused by the problem in interaction between the
operator and the device (the O-D type direct cause).

Figure 3 illustrates the pathway of performing statistical analysis
over infusion pump recall by leveraging the above
human-machine-environment interaction model and the hazard
classification framework (see Figure 4).
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Figure 4. The inferencing pathway of statistical analysis. FDA: Food and Drug Administration. O-D: Operator and device. P-D: Patient and device.
D: Failure of the device.

Results

The Basic Information Statistics
Figure 5 shows the number of class I infusion pump recalls
released by FDA from 2001 to 2017. The largest number of
recalls occurred in 2013, which accounted for 20% of the total.
The number of recalls from 2001 to 2006 showed a rising trend,
and thereafter, a downward trend was observed for 5 years after
2006. The total number of recalls from 2012 to 2015 accounted
for 53% of the total, and there was a gradual decline trend after
2013.

Product recalls were mainly issued by the following firms or
manufacturers: Medtronic Inc, Hospira Inc, Baxter Healthcare
Corp, and CareFusion 303, Inc (see Table 3). The total number
of recalls for the 4 companies accounted for 57%. However,
the largest number of recalls of a company’s products does not
indicate that the company’s products are more risky, because a
bigger market share is likely to increase the number of recalls.

Infusion pumps can be divided into the following subtypes:
injection pump, elastic pump, and peristaltic pump [23,24]. The
most common type of injection pump is the insulin pump. The
nutrition pump is an example of the peristaltic pump, and the
disposable infusion pump is an example of an elastic pump [23].
Infusion pumps are also categorized into epidural pumps and
intravenous pumps. The epidural pump is a topical medication,
and the intravenous pump is a systemic medication; the epidural

pump can achieve a good analgesic effect with very few drugs,
but the catheter is easy to fall off when the patient moves.

Of the 70 cases, 12 (17%) are passive devices, including 6 cases
of disposable medical equipment and 6 cases of infusion pump
components. The remaining 58 (83%) are active equipment.
Infusion pumps make up the maximum proportion, followed
by insulin infusion pumps. There were 7 cases of recalls related
to infusion pump applications (see Table 4).

There were 17 cases of adverse events caused by software
failures (see Table 5). The main outcome of equipment faults
was product component failure, characterized by sensor failure,
pump door breakdown, flow restrictor failure, keypad failure,
infusion tube bending or occlusion, the detachment of catheter
access port from the main body of the pump, etc. As shown in
Table 5, there were many occurrences of power failures and
alarm failures (no alarm and false alarm). Furthermore, there
can be other problems such as mislabeling, backflow or free
flow, and unintended higher flow rate.

Of the 70 cases, 66 described the main damage to patients (see
Table 6), which manifested as infection, overdose, underdose,
and incorrect treatment. It is known that underdose can result
in delay or interruption of infusion therapy, serious injury, or
death. Moreover, a drug overdose can lead to serious adverse
clinical consequences such as respiratory depression, coma, or
death.
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Figure 5. The distribution of recall time.
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Table 3. The distribution of recalling firm or manufacturer.

Recalls, nRecalling firm/manufacturer

14Medtronic Inc

11Hospira Inc

8Baxter Healthcare Corp

7CareFusion 303, Inc

3Disetronic Medical Systems, Inc

2Animas Corporation

2B. Braun Medical, Inc

2Cardinal Health

2Covidien

2Insulet Corporation

2Sigma International General Medical Apparatus, LLC

1Codman & Shurtleff, Inc.

1Elite Biomedical Solutions LLC

1First Medical Source LLC

1ICU Medical, Inc

1I-Flow Corporation

1Iradimed Corporation

1Manufacturer Codman & Shurtleff, Inc

1Micromedics, Inc

1MOOG Medical Devices Group

1Nurse Assist, Inc

1Roche Insulin Delivery Systems Inc

1Smiths Medical ASD, Inc

1Symbios Medical Products, LLC

1Tandem Diabetes Care Inc

1Walkmed Infusion LLC

Table 4. The list of product categories (N=70).

n (%)Product categories

4 (6)Intravenous injection transfusion system

7 (10)Infusion pump applications

12 (17)Insulin infusion pump

47 (67)Infusion pump
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Table 5. The list of the fault form. A case of a recall may have multiple equipment failures.

Count, nEquipment faults

1Electrical shorting

1Failure to detect air-in-line conditions

1Weak seals of the sterile pouches

1Cartridges leaking

2Mislabeled

2Unexpected shutdown

3Higher flow rate

3Backflow or free flow

9Power failure

15Alarm failures

17Software failures

22Component failure

Table 6. The list of the main damage (N=66).

n (%)Hazard

3 (5)Infection

9 (14)Incorrect treatment

18 (27)Overdose

36 (55)Underdose

The Hazard Classification Statistics
Next, we examined the effect of the hazard classification
framework. These data suggest that Energy hazard was the
major form of expression (see Table 7).

Certain cases of subtype I hazard may correspond to multiple
harmful mediums form, which could be recognized as both the
excess energy and insufficient energy. Due to this, the 47 cases

of type I hazard in Table 7 actually contain 27 cases of excess
energy and 32 cases of insufficient energy (Table 8 shows the
corresponding detailed distributions).

The results show that the subtype II hazard (Information hazard)
includes 1 case of incorrect information and 3 cases of
insufficient information. Moreover, 19 cases of subtype III
hazard (Energy and Information hazard) include 14 cases of
energy-dominant and 5 cases of information-dominant.

Table 7. The distribution list of hazard distribution (N=70).

n (%)Hazard classification

47 (67)Ⅰ

4 (6)Ⅱ

19 (27)Ⅲ

Table 8. The distribution list of type I. A case of a recall may have multiple hazard classifications.

nSubtype and energy medium

Ia (n=27)

1Ⅰa-01

1Ⅰa-03

25Ⅰa-05

Ib (n=32)

25Ⅰb-02

7Ⅰb-03
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The Direct Causes Classification Statistics
Finally, we carried out a statistical analysis on the direct cause.
There were 72 cases by reason of a case of a recall that may
have multiple direct causes. As shown in Table 9, the D type
direct cause makes the maximum proportion.

The availability issues can be observed from the O-D type direct
cause, including 2 cases of mislabeled and 4 cases of control

interface problems. The D type direct cause includes 17 cases
of software failures and 45 cases of hardware failures (see Table
10).

We have noticed that the FDA website published the
FDA-determined cause. The statistical analysis revealed device
design to be the main cause (see Table 11).

Table 9. The distribution list of direct cause (N=72).

Statistics, n (%)Direct cause

2 (3)Patient-device

6 (8)Operator-device

64 (89)Device

Table 10. The distribution list of the D type direct cause (N=65).

Event manifestationsn (%)The D type direct cause

Unexpected shutdown, communications errors17 (26)Software failures

Component failure, material fracture45 (69)Hardware failures

—a3 (5)Invalid information

aIt was difficult to judge if the main form of the case is hardware failure or software failure, but it was certain that it was caused by the component
failure of the device.

Table 11. The distribution list of Food and Drug Administration–determined cause.

nFood and Drug Administration–determined cause

1Equipment maintenance

1Labeling design

1Mix-up of materials or components

1Packaging process control

1Pending

1Process change control

1Software manufacturing or software deployment

1Use error

2Component change control

2Under investigation by firm

3Component design or selection

3Process control

4Process design

6Nonconforming material or component

6Software design

7Other

28Device design

Discussion

Overall, our study established a hazard classification framework
for medical devices. Through the statistical analysis on the
above 70 cases of FDA class I infusion pump recalls, our results
confirmed that the key contributor to the product technical risk

is that the infusion pump did not infuse accurate dosage (over-
or underdelivery of fluid).
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Product Component Failures
Most product component failures are caused by device design.
The most popular cases within this type of failure are listed
below:

1. The sensor failure may generate a false alarm or an
undetected fluid buildup within the distal line, resulting in
delay or interruption of therapy or overinfusion of fluid.

2. The full or partial occlusion of the infusion tube may
prevent fluid from reaching the patient, causing an
interruption of delivery.

3. The normal closure of the pump door is closely related to
the dosage delivered, which helps the patient to ensure
proper treatment process. If the door assembly breaks, it
may prevent the door from closing properly; thus,
unrestricted flow may occur. If the door cannot be closed,
the pump cannot be used, and this will lead to a delay in
therapy.

4. The displacement of the Flow restrictor bead may be the
root cause of the fast flow of contents.

5. The Luer tube may break at the connection to the pump,
and if this is not noticed by the patient, the patient may
receive an underdelivery of drug. A delay or interruption
in therapy has the potential to result in a worst-case scenario
such as significant injury or death. Similarly, depending on
the drug and the dosage delivered, overinfusion also has
the potential to result in significant injury or death.

6. In addition, one fact that may explain these defects is that
some companies start selling these pumps when they are
still in research and development. This was typically the
case for Hospira with the Symbiq pump.

Software Failure
Of the 70 cases of adverse events (Table 10), 17 were caused
by software failures. Such failures are usually characterized by
the following adverse event contents: wrong instruction, error
codes, or communication errors. The operator may execute the
wrong operation according to the wrong instruction, resulting
in an overdose or underdose.

Alarm Failures
Of the 70 cases of adverse events, 15 were caused by alarm
failures, including 5 cases of false alarm and 10 cases of no
alarm. The main forms include (1) pump shutting off during
use without warning and (2) a false visual or audible alarms
causing the infusion pump to stop supplying the fluids to the
patient. The fault alarm system may be due to the failure of
internal detector, inability to trigger the alarm, the fault of
software, or lack of regular maintenance. Alarm hazards are
among the top 5 hazards on ECRI Institute’s 2011 list [25].
These studies could help hospitals to enhance their management
system, for example, to improve the existing nurse training
system, thus to better educate nurses about their shared
responsibilities. At the same time, these studies also provide a
new strategy to ensure the safe use of medical devices. Nurses
should not only pay attention to the operation procedures but
also focus on maintenance. In fact, the shortage of nurses is
another possible reason for the failure to maintain medical

devices. More importantly, manufacturers can also strengthen
postmarket maintenance.

Power Failure
Power failure can result in the situation where the device ceases
operation without warning and also loses the data. An incorrect
voltage could potentially lead to a loss of communication
between the PC unit main processor and the keyboard processor,
which can lead to unexpected loss of therapy. Excessive battery
discharge can damage the batteries and may further interrupt
the therapy. Therefore, we recommend manufacturers to
consider designing other backup power and to simplify the
operation of replacing batteries.

Altogether, product component failure is the main direct cause
of the infusion pump failure. The Energy hazard, containing
the excess energy subtype and insufficient energy subtype, is
the major form of the hazard of the infusion pump. Among the
excess energy type of hazards, infection and overdose occur
most frequently, but the interruption of infusion therapy is the
hazard that causes the most serious injuries. A substantial part
of the hazard of insufficient energy is the interruption of therapy,
which is mainly caused by unexpected shutdown, power failure,
or component failures.

Limitations of This Research
The biggest problem is that manufacturers, distributors, medical
institutions, and device users fail to actively cooperate with the
supervision department. Moreover, many steps should be
performed by health care institutions before implementing a
pump, which can avoid some of the problems faced by infusion
pump users. In particular, many defects are not reported to the
FDA or other agencies (eg, Health Canada) but directly to the
providers of infusion pumps. As a result, many other types of
events are not reported, for example, free flow, valve
dysfunction, foam in the product because of the mechanism of
the pump, and hemolysis. Therefore, there is a lack of sufficient
data to further optimize the model in the research work. In
addition, influential factors such as the service life of medical
devices does not appear in the report, which in turn increases
the difficulty of the research.

Conclusions
With social progress and development of technology, infusion
pumps are widely being used in clinical settings. There is a
potential safety risk while alleviating the patient’ s suffering,
so it is of great significance to ensure proper and safe use of
infusion pumps. This study investigated the direct cause of
occurrence of infusion pump risks. This may help to provide
reference for the infusion pump risk management as well as
effective information for safe use and infusion pump safety in
clinical environments. To this end, we propose a new data
analysis method that can help reveal a single type of adverse
events’ risk characteristics and common problems of medical
devices based on the Trace Intersecting Theory. It can be used
to guide the specific quality monitoring work for the FDA and
national authorities to form a complete regulatory system for
postmarket medical devices.
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We believe that carrying out risk assessment and analysis work
for the postmarket medical devices is of great significance,

which can optimize the product risk control solutions and have
a positive effect on the development of public health.
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Abstract

Background: Participation in colorectal cancer screening is still low among Malaysians despite the increasing trend of incidence,
with more than half of the new cases being detected in the advanced stages. Knowledge improvement might increase screening
participation and thus improve the chances of disease detection. With the advancement of communication technology, people
nowadays prefer to read from their mobile phone using a Web browser or mobile apps compared with the traditional printed
material. Therefore, health education and promotion should adapt this behavior change in educating the community.

Objective: This study aimed to document the process of designing and developing a mobile app for community education on
colorectal cancer and assess the usability of the prototype.

Methods: The nominal group technique (NGT) was used for the content development of the mobile app. NGT involving
community educationists and clinicians combined with community representatives as the target users identified relevant health
information and communication strategies including features for a user-friendly mobile app. The prototype was developed using
framework Ionic 1, based on the Apache Cordova and Angular JS (Google). It was published in the Google Play store. In total,
50 mobile phone users aged 50 years and above and who had never been diagnosed with any type of cancer were invited to
download and use the app. They were asked to assess the usability of the app using the validated Malay version of System Usability
Scale Questionnaire for the Assessment of Mobile Apps questionnaire. The One-sample t test was used to assess the usability
score with a cut-off value of 68 for the usable mobile app.

Results: The Colorectal Cancer Awareness Application (ColorApp) was successfully developed in the local Malay language.
The NGT discussion had suggested 6 main menus in the ColorApp prototype, which are Introduction, Sign and Symptoms, Risk
Factors, Preventive Measures, Colorectal Cancer Screening Program, and immunochemical fecal occult blood test kit. A total of
2 additional artificial intelligence properties menus were added to allow user-ColorApp interaction: Analyze Your Status and
ColorApp Calculator. The prototype has been published in the Google Play store. The mean usability score was 72 (SD 11.52),
which indicates that ColorApp is a usable mobile app, and it can be used as a tool for community education on colorectal cancer.

Conclusions: ColorApp mobile app can be used as a user-friendly tool for community education on colorectal cancer.

(JMIR Hum Factors 2019;6(2):e12103)   doi:10.2196/12103

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e12103 | p.47http://humanfactors.jmir.org/2019/2/e12103/
(page number not for citation purposes)

Mohamad Marzuki et alJMIR HUMAN FACTORS

XSL•FO
RenderX

mailto:fadhilmarzuki@gmail.com
http://dx.doi.org/10.2196/12103
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

colorectal cancer; mobile app; development; mHealth

Introduction

Colorectal cancer has become a prominent health problem in
the twenty-first century worldwide [1]. It is the third commonest
cancer and the fourth leading cause of cancer-related deaths in
the world. Its burden is expected to increase by 60% to more
than 2.2 million new cases and 1.1 million cancer deaths by
2030 [2]. Malaysia had reported colorectal cancer as the
commonest cancer in male and the second commonest cancer
in female after breast cancer with an age-standardized rate of
14.6 and 11.1 per 100,000 population, respectively, in 2016 [2].

Colorectal cancer is one of the preventable diseases that are
treatable with early detection and treatment. The 5-year survival
rate is highly dependent on the stage at diagnosis. Its survival
ranges from 95% if detected at stage 1 to 8% if detected at stage
IV [3]. In Malaysia, 65% of colorectal cancer was detected at
stages III and IV [4], giving rise to lower 5-year relative survival
by stage as compared with other developed Asian countries [5].
The late detection might be partly because of the low
participation in screening among Malaysians; hence, this called
for a more effective strategy to improve in disease knowledge
[3,4].

Health education and promotion in Malaysia had utilized a
variety of communication strategies including health talk and
forums as well as printed material such as pamphlets and health
notices. Websites on healthy lifestyles had been created with
interactive self-risk-assessment features. However, these might
be able to reach those who seek health information either from
community health activities or online. With the increasing
number of registered mobile phone users, including people in
the higher age group in Malaysia [6,7], health outreach thus
needs a new strategy. The Interim Review of Malaysian Citizens
Reading 2014 had reported that people nowadays prefer to read
from their mobile phone using a mobile app or Web browser
as compared with printed material [8]. Access to information
through mobile phone also seems to be more convenient than
attending community activities. Thus, this study encroaches a
new strategy in line with the current community behavior by
developing a mobile app for a disease of public health
importance. This paper aimed to document the process of
designing and developing a mobile app for community education
on colorectal cancer and report its usability assessment.

Methods

The development of the mobile app prototype was conducted
from November 2017 to February 2018. The developmental
processes include content development, prototype development,

and prototype usability assessment by the intended user. The
details of the processes are provided below.

Content Development
The content of the mobile app prototype was developed based
on the theory of Health Belief Model (HBM). Content
development of the prototype involved a few stages. The first
stage was conducting a literature review on colorectal cancer,
sign and symptoms, associated factors, screening and prevention,
and the features of the mobile app for health promotion and
education. This evidence-based information served as important
guiding points for the next stage in identifying content relevant
to the intended users. For example, participants may not be
familiar with the features of a usable mobile app and they may
face difficulties in giving their opinion about the features of a
user-friendly app. Therefore, researchers provided information
on the expected features of a mobile app by the user from
published researches.

Nominal group technique (NGT) was applied to explore the
following 3 elements:

1. What is the information needed by the intended users?
2. How to ensure that the information is self-explanatory?
3. What are the features needed to make the mobile app a

user-friendly app?

NGT is a structured meeting that aims to provide an orderly
procedure for obtaining qualitative information from target
groups who are most closely related to the problem area [9]. It
is a variation of small group discussion to reach a consensus.
NGT gathers information by asking participants to respond to
questions posed by a moderator (researcher) and then asking
participants to prioritize the ideas or suggestions of all the group
members [10]. This technique was developed by Delbecq and
Van de Ven and comprises 4 key stages: silent generation, round
robin, clarification, and voting (ranking or rating) [11].

The NGT participants consist of the following:

1. one public health physician
2. one gastroenterologist
3. one family medicine physician
4. two medical officers
5. one Assistant Environmental Health Officer

(Noncommunicable Disease Control Unit)
6. three individuals from intended users
7. two researchers as moderator

Participants were contacted by phone 2 weeks before the session.
They were briefed on the topic and what is the expected outcome
from the discussion.
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Figure 1. Flow of the process in the Nominal Group Technique.

The session was conducted in the following sequence (Figure
1):

1. Introduction to problem statement and explanation:
Moderator briefed the participants on the flow of the
session. They were reminded about the expected outcome
from the discussion and emphasized on the importance of
their contribution to the public benefit.

2. Silent generation of ideas in writing: Each participant was
asked to write down their own ideas on what information
on colorectal cancer that the community would like to know
and what are the mobile app features that will make the
apps user friendly and attractive to be used. This session
does not allow any discussion and ended after 20 min.

3. Sharing ideas: The participants were invited to share their
answers in the round robin manner. Each idea was written
on the white board by the moderator. This session does not
allow any discussion or argument of the ideas and ended
after all participants had shared their answers.

4. Discussion of ideas: The participants were invited to give
a verbal explanation about their answers that had been
written on the board. They were asked to justify the need
of the information and the prototype features to be included
in the mobile app. Other participants were encouraged to
actively discuss the relevancy of each point.

5. Voting and ranking: Participants were asked to vote their
agreed answers based on the discussion. The votes will be
tallied to produce the ranking of ideas from highest to
lowest based on the research questions.

6. Conclusion: The session was concluded by the moderators.
The agreed points were written on the white board.

Prototype Development
The mobile app prototype development was conducted from
December 2017 to March 2018. It was developed using the
Ionic Framework that is based on the Apache Cordova and
Angular JS. A total of 2 researchers who attended training of
mobile app development had developed the prototype on the
Android platform, which is the main platform for the majority
of mobile phones in Malaysia [12]. The NGT findings were
used to guide the content as well as features of the prototype.
The prototype was then pretested using the same NGT
participants for the comprehensibility and clarity as well as
technical error. All feedback from the pretests were reviewed
and addressed accordingly. The finalized prototype, named
ColorApp (Colorectal Cancer Awareness Application), sized
9.5 MB was successfully uploaded in early March 2018 onto
the Google Developer Console (Google Inc, Mountain View,
CA, USA) and published in the Google Play store as a beta
option for assessment purposes. It will be released free of charge
as a production option for public use as part of the public health
contribution once this study is completed.

Prototype Usability Assessment
A cross-sectional study was conducted from February 2018 to
March 2018 to assess the usability of the mobile app prototype.
It was conducted along with the national-level community
empowerment program, Komuniti Sihat Pembina Negara
(KOSPEN; translates as Healthy Community, Nation Builder),
in Kota Setar district in Kedah, which is in the northern state
of Peninsular Malaysia. KOSPEN is one of the government
initiatives for empowering the community for the prevention
and control of non-communicable disease in Malaysia. There
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are a total of 153 localities in Kota Setar district, covering more
than 20,000 people. This area was predetermined because of
the distribution of KOSPEN localities in both urban and rural
areas and good mobile broadband coverage.

Sample size was calculated using Gpower 3.1.9.2 for mean
difference from a constant (1 sample case). The null hypothesis
(H0) was the mean usability score of ColorApp is equal to 68
[13] and the alternative hypothesis was 73 (5 unit difference to
H0). These hypotheses were analyzed using the One-sample t
test. The alpha error was set at 5% and power was set at 80%.
The estimated sample size was 33 after considering the
detectable difference of 5 units. After an additional 25%
anticipated community-based research dropout, the required
sample size was 46. As 5 KOSPEN areas were selected, the
sample size was rounded to 50. A total of 5 KOSPEN localities
were randomly selected. In total, 10 participants aged 50 years
and above who use mobile phone with the Android platform
and had never been diagnosed with any type of cancer were
randomly selected from each locality based on a list provided
by the KOSPEN volunteer in the locality to be included in this
study. All eligible participants were invited to attend 2 meeting
sessions at 2 weeks interval. The first session introduced them
on the mobile app. The participants were asked to download
and install the mobile app from the Google Play store. They
were required to use and interact with the mobile app at their
own convenient time within the next 2 weeks. The second
session was held after 2 weeks, where all participants were
required to answer a validated questionnaire to assess the
usability of the mobile app.

Measuring Tool
The usability of the mobile app prototype was assessed using
the validated Malay version of System Usability Scale
Questionnaire for the Assessment of Mobile Apps (in Malay
language, it is known as Skala Kebolehgunaan Aplikasi Mudah
Alih). It is a 10-item questionnaire translated from the original
English version, which is the system usability scale (SUS)
questionnaire, into local Malay language. This Malay version
had been validated to assess the usability of a mobile app [14].
The response score is calculated using the 5-point Likert scale
ranging from 1 (strongly disagree) to 5 (strongly agree). The
overall score is computed as the summation of all item scores
multiplied by 2.5 and can range from 0 to 100. A standard
usability score value of 68 was recommended by the original
author to indicate good usability of an app [15]. The Cronbach
alpha is 0.85. For the purpose of assessment of this mobile app,
it was constructed as an online questionnaire using the Google
form and the URL link was embedded in the mobile app
prototype. Data entry and statistical analysis were made using
IBM SPSS version 24.0. The 1-sample t test was used to
determine whether the mean (SD) usability score of this mobile
app is significantly higher than the standard usability score value
of 68, with a level of significance (alpha error) less than .05.

This study has been approved by the National Medical Research
Registry, Malaysia (NMRR-17-2623-38675 [IIR]), and Human
Research Ethics Committee USM, Malaysia
(USM/JEPeM/17110601).

Results

Nominal Group Technique Outputs
All participants have agreed that the mobile app prototype must
cover the following topics:

1. Introduction to colorectal cancer
2. Sign and symptoms
3. Risk factors
4. Prevention
5. Colorectal cancer screening program

Malay language was chosen to be the main language as it is the
national language, with consideration to add other languages
in the future. Colorectal cancer was agreed to be translated into
the Malay language as Kanser Kolorektal instead of the general
term of bowel cancer, which is Kanser Usus in Malay. This
terminology of Kanser Kolorektal was agreed to be used to
introduce this disease to the community as it is more precise in
referring to the disease. The introduction on colorectal was
agreed to be of importance to introduce the terminology. The
intended user group representative had agreed that the
terminology was acceptable and understandable to the
community after reading the introduction section.

The features of the mobile app prototype that were agreed upon
are simple to operate, using easily understandable language,
point-form information, infographic design, include a video,
and interactive.

Mobile App Prototype
The mobile app prototype was developed for the Android
platform. It is called ColorApp, the abbreviation of Colorectal
Cancer Awareness Application. Figures 2 and 3 show the
screenshots of the main content of ColorApp.

Section Do You Know (Figure 2, panel a) is the first section that
will be seen by the user when they open ColorApp. It highlighted
the important facts on colorectal cancer that the user needs to
know. The user also can watch a short video on colorectal
cancer. This is the only section wherein the user is required to
have internet access. Other sections can be accessed using a
drop-down menu (Figure 2, panel b). The user can click any of
the menu options to go to the desired section. Figure 2, panel
c, shows the section Introduction. The user will be introduced
to colorectal cancer. Information was delivered in a point form
to ease user’s reading and understanding. Pictures of colorectal
cancer can be accessed by swiping to the right or left. The
section Sign & Symptoms listed signs and symptoms of
colorectal cancer that can be identified by a layman in a pictorial
form (Figure 2, panel d). The user can learn about the risk
factors of colorectal cancer through the section Risk Factor
(Figure 2, panel e). Section Analyse Your Status is part of the
artificial intelligence features of ColorApp that enable the user
to enter their particulars, such as age, family history, sex, race,
smoking status, and diabetes status (Figure 2, panel f). Once
the user clicks on the button Analyse Status, ColorApp will
assess user risk and advise the user on the need for colorectal
cancer screening (Figure 3, panel a). Figure 3, panel b, shows
the prevention of colorectal cancer. This section enables the
user to directly call MQuit Tobacco Quitline for stop smoking
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service. Screening for colorectal cancer is introduced to the user
via the section Screening Program (Figure 3, panel c). This
section gives information on the criteria for screening, when
and where the screening is available. This section is followed
by immunochemical fecal occult blood test kit step-by-step
instructions (Figure 3, panel d). The section ColorApp
Calculator is another interactive section whereby the user can
enter their age, height, weight, and sex to calculate their body

mass index and ideal body weight (Figure 3, panels e and f).
This section also provides the recommended level for blood
pressure, sugar, and cholesterol. The last section is About
ColorApp (Figure 3, panel g). This section gives information
about this mobile app, email, and contact number for further
information. The user also can share this mobile app via social
media such as Facebook, WhatsApp, and Twitter with their
family and friends.

Figure 2. Screenshots of the main content of ColorApp: (a) "Do You Know" page; (b); drop-down menu (c) "Introduction" page; (d) "Sign & Symptoms"
page; (e) "Risk Factors" page; (f) "Analyse Your Status" page.
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Figure 3. Screenshots of the main content of ColorApp: (a) "Result" page; (b) "Prevention of Colorectal Cancer" page; (c) "Screening Program" page;
(d) "iFOBT Kit" page; (e) "ColorApp Calculator" page; (f) "Health Information" page; (g) "About ColorApp" page. iFOBT: immunochemical fecal
occult blood test.

Usability
In total, 50 participants were involved in the usability assessment
of ColorApp. Table 1 shows the sociodemographic
characteristics of the participants in this study.

The usability score for ColorApp prototype usability showed a
mean score difference of 4.9 (P=.004; 95% CI 1.626-8.174),
totalling 72.9 (SD 11.52), higher than 68 on the Skala
Kebolehgunaan Aplikasi Mudah Alih score which is the
minimum cutoff point for a usable system. This indicates good
usability of ColorApp as a mobile app, and, hence, a usable tool
for colorectal cancer community education.
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Table 1. Sociodemographic characteristics of participants (N=50).

StatisticsCharacteristics

56.0 (5.69)Age (years), mean (SD)

Sex, n (%)

25 (50)Male

25 (50)Female

Education, n (%)

10 (20)Primary

33 (66)Secondary

7 (14)Tertiary

Occupation, n (%)

2 (4)Unemployed

12 (24)Self-employed

1 (2)Retired

32 (64)Clerical work

3 (6)Professional

Discussion

Principal Findings
The theory of HBM, which was adopted to develop the content
of ColorApp prototype, addresses the perceived susceptibility,
benefit, and health-seeking behavior of the user. According to
HBM, the improvement of health-seeking behavior toward
colorectal cancer prevention is related to the perception of an
individual that he/she is susceptible to suffer from colorectal
cancer, severity of colorectal cancer, and the benefit as well as
barrier of preventive action including performing the colorectal
cancer screening at the health clinic [16]. All these elements
were addressed by the information in textual information,
graphic presentation, and video. The interactive page analyzes
the user’s risk for colorectal cancer and provides advice of
action. This will further enhance the perceived susceptibility
that the user might have the risk of getting the disease.
Combination of various methods of knowledge dissemination
will facilitate the knowledge transfer to the user.

The content of ColorApp was developed through NGT. NGT
is a simplified semiqualitative method to look into preferences
of the intended group [17]. NGT allows everyone in the group
to contribute to the discussion, and with a good moderator, the
likelihood of 1 person dominating the group process can be
avoided. NGT also allows identification of important issues and
prioritization for content development. Development of health
education materials is very challenging, especially when the
intended population is from outside the medical field [18]. The
community has different levels of health literacy and might face
difficulties in understanding certain terms or sentences,
especially the health-related terminologies. Thus, the
terminology of colorectal was discussed in great detail so as to
decide whether to generalize it as bowel cancer or use the
specific term colorectal. As the introduction had included the
simple explanation of what is colorectal, the term colorectal
was agreed to be used. Limited health literacy can limit users’

understanding, and in a worse scenario, it can pose a risk to
them from misunderstanding [19]. The comprehensibility and
consideration of health literacy had been addressed well with
the involvement of representatives from intended users to ensure
that the content of ColorApp is delivered clearly, particularly
the actionable messages.

People aged 50 years and above are those who are at risk of
getting colorectal cancer. This mobile app prototype, thus, is
aimed to be used mainly by this group of people. Therefore,
several issues that might be faced by the elderly when they use
it must be considered. This included issues such as minimalist
design to prevent cognitive overload in elderly population, large
icons size that is easy to interpret for function and interaction
logic, and simple navigation structure (such as back, forward
buttons, or menu buttons) [20]. Although the main intended
group includes people aged 50 years and above, this mobile app
was designed to also be able to attract younger group of users
through the combination of different media such as images and
video as well as the ability of it being shared via social media
with their family and friends, as shown during the NGT [21].

The ColorApp was developed as a tool for community education
for colorectal cancer prevention. Thus, the usability of the
prototype is therefore playing an important role in determining
its effectiveness to improve health knowledge and awareness
of the user. Usability is defined as the extent to which a product
can be used by intended users to achieve specific goals
effectively and efficiently as well as providing user satisfaction
in a specified context of use [22]. The usability score, which is
higher than the minimum acceptable score for a usable mobile
app, indicates that ColorApp is user friendly for the intended
user.

Strength and Limitation
The development of ColorApp for community education on
colorectal cancer will become the new method in disseminating
the information about diseases using a mobile app. The cost of
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developing it is relatively cheaper, compared with producing
printed materials. It is also easily updated when there are
changes in information or management protocols. The features
of ColorApp that are sharable through social media will help in
disseminating this mobile app in the community. Furthermore,
the usage of mobile apps is the current trend in information
search that should be used to educate the public and improve
their knowledge. This app had been registered under the
intellectual property of Universiti Sains Malaysia with
co-ownership with the Ministry of Health Malaysia and is
already available in the Google Play store for all Malay speaking
communities that use Android. The term and condition of the
Google Play store will be applied with the use of this app. The
limitation of this study is that the mobile app prototype is only
being developed for the Android platform because of time and
logistic reason.

Future Recommendation
In the future, ColorApp should be available in other platforms
also, especially iOS. The language option also should be made
available in English, Chinese, and Tamil as these languages are
also used frequently in multiethnic communities in Malaysia.

The use of various languages will benefit more users, especially
those who prefer certain languages. This will enhance
knowledge transfer and improve the user’s understanding. Future
research also should look into the effectiveness of mobile apps
usage in improving the knowledge on colorectal cancer and the
attitude and practice toward prevention of this disease including
the screening uptake.

Conclusions
In conclusion, the newly developed ColorApp, a mobile app for
community education on colorectal cancer prevention, which
had been developed through NGT and usability process, is a
potentially useful tool in the modern technology era. It is
available in the Google Play store for free and can be shared
and distributed among the community. This study will be
extended with the collaboration of the Ministry of Health
Malaysia and Clinical Research Center, Hospital Sultanah
Bahiyah, Alor Setar, Kedah, to assess the effectiveness of
ColorApp as a community education and promotion tool in
improving user knowledge on colorectal cancer and attitude
toward colorectal cancer screening program.
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Abstract

Background: To support the self-management of heart failure, a team of hospital clinicians, patients, and family caregivers
have co-designed the consumer mobile health app, Care4myHeart.

Objective: This research aimed to determine patient experiences of using the app to self-manage heart failure.

Methods: Patients with heart failure used the app for 14 days on their own smart device in a home setting, following which a
mixed-methods evaluation was performed. Eight patients were recruited, of whom six completed the Mobile Application Rating
Scale and attended an interview.

Results: The overall app quality score was “acceptable” with 3.53 of 5 points, with the aesthetics (3.83/5) and information
(3.78/5) subscales scoring the highest. The lowest mean score was in the app-specific subscale representing the perceived impact
on health behavior change (2.53/5). Frequently used features were weight and fluid restriction tracking, with graphical representation
of data particularly beneficial for improved self-awareness and ongoing learning. The use of technology for self-management
will fundamentally differ from current practices and require a change in daily routines. However, app use was correlated with
potential utility for daily management of illness with benefits of accurate recording and review of personal health data and as a
communication tool for doctors to assist with care planning, as all medical information is available in one place. Technical
considerations included participants’ attitudes toward technology, functionality and data entry issues, and relatively minor
suggested changes.

Conclusions: The findings from this usability study suggest that a significant barrier to adoption is the lack of integration of
technology into everyday life in the context of already established disease self-management routines. Future studies should explore
the barriers to adoption and sustainability of consumer mobile health interventions for chronic conditions, particularly whether
introducing such apps is more beneficial at the commencement of a self-management regimen.

(JMIR Hum Factors 2019;6(2):e13009)   doi:10.2196/13009
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heart failure; mobile health (mHealth); mobile apps; usability study; Mobile Application Rating Scale; patient experience;
self-management; mobile phone
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Introduction

Heart failure affects at least 26 million people worldwide [1],
including more than 1 million Australians [2], and its prevalence
is expected to rise [1]. This complex, highly symptomatic
syndrome is associated with high health care costs, high
readmission rates, and poor clinical outcomes [3]. Targets to
improve functional outcomes, psychosocial outcomes, burden
of care, and survival of patients with heart failure have resulted
in a call for safe, person-centered, evidence-based action [3]. It
is especially necessary to ensure equity of care for all patients
through the efficient use of resources as well as support to
empower patients and caregivers in long-term care [4].

Self-management support, specifically for nonpharmacological
requirements, is critical to the effective management of heart
failure [2] and is often delivered through educational measures
[3,5,6]. Appropriate self-management of heart failure involves
daily weight monitoring, fluid restriction, dietary modifications,
and exercise alongside regular monitoring and follow-up [2].
In the home setting, recording and recognizing changes such as
increased weight, fluid retention, and worsening symptoms,
which are indicative of worsening heart failure, can allow
patients to get help early [6]. However, challenges with
translating guidelines into practice put patients at risk of
suboptimal care [2], with the complexity of self-management
of heart failure contributing to poor adherence [7].

Rapid improvements in computing capability paired with the
popularity of mobile phones in our communities provide more
opportunities in health care delivery [7]. Due to this potential,
mobile health (mHealth) interventions for heart failure continue
to expand; however, this expansion is accompanied by
challenges in technology adoption. Reliability of equipment
[8], limited technical support [8], cognitive impairment [9], and
variable interest in self-recording of health measurements [9]
are a few factors affecting use in this patient population. Older
people, who have a prevalence of heart failure three times
greater than that of the general population [10], have variable
levels of willingness to adopt technology [9]. They may lack
confidence in their knowledge of heart failure and rely on
informal and formal caregivers for guidance [9]. Perceived
usefulness and ease of use are considered the most important
factors for mHealth adoption [11]. This poses specific challenges
when designing interventions aimed to engage patients in
self-management of heart failure and highlights the importance
of using patient perceptions in newly developed interventions.
Further, in a recent review, of the 34 consumer apps targeting
heart failure on the commercial app stores, only 3 were evaluated
in peer-reviewed articles [12], indicating the importance of
disseminating research findings to advance consumer mHealth.

This study is part of a larger research program where
Care4myHeart, an mHealth app for self-management of heart
failure was developed in our hospital by a team of clinicians,

patients, and family caregivers. The diverse group of
stakeholders collaborated to design an app that was relevant
and useful to target users and consistent with the evidence-based
heart failure guidelines. The aim of this paper was to explore
patients’ experiences of and feedback after using the app.

Specific research questions were as follows:

1. What were the patients’ experiences of using the
Care4myHeart app?

2. What is the perceived impact of the app on self-management
of heart failure?

Methods

A 14-day usability study was performed using a mixed-methods
evaluation to determine patient experiences of using the mHealth
app for self-management of heart failure.

Participants
Self-selecting participants were recruited from cardiac inpatient
units at a metropolitan private hospital in Sydney, Australia,
via posters and flyers located in common patient areas. Medical
and nursing staff members were informed of the research and
referred patients who voiced their interest in participating. We
included English-speaking individuals with heart failure who
were not highly dependent on medical care, resided at home,
were able to provide feedback, and owned a smart device
capable of housing the app. Participants were excluded if they
were involved in the co-design of the app, were cognitively
impaired, or were otherwise unable to use the app. We aimed
for a sample size of 8-10 participants, because up to 80% of
usability problems can be identified by this number of users
[13].

Intervention
Details of the co-design process of the mHealth app are reported
elsewhere [14-17]. The final design of the self-management app
has three main sections: Home screen, My Plan, and Health
Management. The Home screen provides a shortcut to the
priority My Plan icons based on patient goals, and a reminder
summary. The My Plan section includes nine important
components of self-management of heart failure: medications,
symptoms, exercise, weight, fluid, well-being, diet, blood
pressure and pulse, and future plans. A Health Management
section contains a medical documentation repository,
appointment calendar, and health care professional contact
details. The app provides the opportunity to collect, track, and
evaluate patient-entered data. Reminders, alerts, infographics,
videos, health professional advice, and information pages
throughout the app aim to guide patients to manage their heart
failure. Sample user interfaces demonstrating the home, weight,
and fluid restriction screens are presented in Figures 1, 2, and
3, respectively.

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e13009 | p.58http://humanfactors.jmir.org/2019/2/e13009/
(page number not for citation purposes)

Woods et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Figure 1. Sample home screen.

Figure 2. Sample weight screen.
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Figure 3. Sample fluid restriction screen.

Study Procedures
The Care4myHeart app was downloaded to patients’ own iOS
or android smartphone or tablet device after procedures were
explained and patient consent was obtained. A researcher spent
10-30 minutes providing an overview of the app interface,
assisted with completing the personalized settings (dry weight,
daily fluid restriction volume, daily step count aim, physical
activity goals, and reminders), and determined self-management
priorities based on patient preferences. Participants were asked
to use the app as frequently as required to assess its usability,
aiming for at least daily use over a 2-week period. Participants
were encouraged to contact the research team by phone or email
if they encountered problems or had questions throughout the
study. For quality and safety reasons, participants were
instructed to continue with their regular care regime in
collaboration with their health care providers. Ethical approval
for this study was obtained from the University of Tasmania
and St Vincent’s Private Hospital Sydney.

Data Collection
As soon as practically manageable after the completion of a
14-day period, participants reported their experience of using
both qualitative and quantitative methods.

First, participants were asked to complete the Mobile
Application Rating Scale (MARS) [18] either electronically
(sent via email) or on paper (sent by post or completed in person
during the interview). The 23-item MARS is a multidimensional
measure of the four objective app quality indicators:
engagement, functionality, esthetics, and information (which
together form the overall app quality score). In addition, it
includes a subjective quality subscale [18]. As Care4myHeart
was not available in the app stores during the time of the study,

we modified the MARS to 19-items, excluding four items
because they were not applicable: accuracy of app description
(item 13), goals (item 14), credibility (item 18), and evidence
base (item 19). These items were removed from the mean score
calculation as per the guidelines [18]. A supplementary,
modifiable “app-specific” section assessed the perceived impact
of the app on users’ target health behaviors [18], in this case,
improved heart failure self-management. MARS items are
scored on a 5-point Likert scale (1=inadequate, 2=poor,
3=acceptable, 4=good, and 5=excellent) [18]. The version used
for this study is provided in Multimedia Appendix 1.

Second, participants were asked to attend an interview on the
hospital campus or via phone, depending on patients’preference.
A semistructured interview schedule included questions such
as “What worked well and what could be improved?” “What
functions did you use and why?” and “Would this application
impact the way you look after your health?” Participants were
given the opportunity to share experiences, communicate
thoughts, and voice perspectives through open-ended and
probing questions. App use was self-reported by participants
themselves, as no usage data were collected in this study. Data
were collected in June and July 2018.

Data Analysis
Data were de-identified and treated confidentially. MARS data
were managed in the database software program Excel
(Microsoft Corp, Redmond, WA), with mean scores produced
by calculation of participant subscale scores. Interviews were
transcribed verbatim and thematically analyzed using Braun
and Clarke’s process [19]. The process involved familiarization
of the data through re-reading transcripts (Step 1), generation
of initial codes and writing them directly on the transcript
segments considered interesting or meaningful to the analyst
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(Step 2), organization of codes into potential themes (Step 3),
review of themes through checking and generating a thematic
“map” (Step 4), generation of clear definitions and names for
each theme (Step 5), and production of the report with
compelling examples through a final analysis (Step 6) [19].
Data analysis in Steps 1 and 2 was conducted by the lead author
(LW). Steps 3 to 6 were performed visually and collaboratively,
with the themes confirmed by group discussion with the
coauthors.

Results

Participant Characteristics
Eight participants consented and commenced the usability study.
All participants were male (n=8), most lived with a
spouse/partner (n=7) and were currently employed (n=5), and
more than half resided in a rural location outside the
metropolitan area (n=5). The average age of participants was
69 years (range: 61-84 years).

One participant discontinued the study after reporting technical
challenges with a software update that occurred during the
14-day period. A second participant died prior to the final
interview and collection of the MARS. Six of the eight
participants completed the study with the survey and interview.
The interview length ranged from 18 to 29 minutes.

Mobile Application Rating Scale App Quality Scores
Table 1 presents the four subscale scores (engagement,
functionality, esthetics, and information), which make up the
overall quality score, as well as the subjective quality score
(representing satisfaction) and app-specific score (representing
behavior change).

The overall app quality score was 3.53 of 5. Of the four
subscales, the highest scores were for esthetics (3.83) and
information (3.78), followed by engagement (3.37) and
functionality (3.33); all scores were above the minimum
acceptability score of 3.0. The highest-scoring individual items
were layout (4.17), visual information (4.17), interest (3.83),
and quality of information (3.80). The lowest scores per item
were for performance (2.67), customization (3.00), and
interactivity (3.00).

The subjective quality subscale representing app satisfaction
scores showed an average of 3.29 of 5. Most participants would
use the app more than 50 times in a 12-month period (n=7) and
recommend the app to people who might benefit from it (n=4),
but would not pay for the app (n=4). The mean star rating,
comparable to the star rating on the app stores, was 3.33.

The lowest mean score was in the app-specific section
representing the perceived impact of using the app on health
behavior change (2.53). The app may have some impact on
increased awareness regarding self-management of heart failure
(3.17) but was rated “poor” on the perceived impact of the app
on attitude, intention to change, help seeking, and overall
behavior change (2.33).

Interview Findings
Analysis of interview transcripts resulted in 3 themes and 10
subthemes (Textbox 1).

Theme 1: App Use
Most participants used an android device (smartphones: n=2,
tablets: n=2) and two used iPhones. Five participants had both
a smartphone and a tablet device. Tablets were kept at home,
and smartphones were not necessarily used for internet access.
However, those who carry their smartphone in their pocket saw
the benefit in data entry throughout the day. iOS users spoke
about using their device with greater understanding and
confidence than Android users in our sample; the former were
also the two youngest participants. Patients self-reported app
use for an average of 5-10 minutes once or twice a day on most
days during the usability study. The app was used independently
without family member involvement. Usage over the 14-day
period decreased once users determined what was useful;
however, version updates improved technical issues, with usage
reportedly increasing after the updates.

Weight, Fluid Restriction, and Step Counter

The weight and fluid restriction sections were most frequently
used. The quick speed of recording weight and weight alerts
was highlighted as positive features. One participant described
how beneficial the fluid recorder was:

The most beneficial feature for me at this point in
time is the fluid intake...the fluid counter is excellent.
I love it, absolutely love it. [P8]

Fluid volumes were entered either throughout the day or at the
end of the day in the fluid restriction section of the app:

I wouldn’t put in fluid every time I had 100ml of fluid
- I put it all in at the end of the day. [P7]

Some found the app more convenient for self-management of
fluid restriction than traditional means of recording fluid
volumes because it was portable:

Beforehand what I was doing I had a measuring
cup...I think the app is more friendly for me to
use...I’ve got that in my pocket, I can always - when
I’m out and about - I can make an input on my
smartphone and it’s just so convenient. [P8]

To a lesser extent, the step counter within the exercise section
was used.

Use of Features

Not all features of the app were used by participants. Participants
did not regularly use the symptoms, documents, medication list,
and calendar sections, but many saw potential advantages in
using these additional features stating, “I didn’t use everything
but I can see other people could find it very useful” (P1). For
example, due to the high frequency of medication changes in
patients with heart failure, keeping an updated medication list
was perceived as a positive feature. Participants did not use
these features during the usability study stating that they “didn’t
really get a chance to go through it” (P6), and “ah, I had a look
but I didn’t use any of it functionally” (P7).

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e13009 | p.61http://humanfactors.jmir.org/2019/2/e13009/
(page number not for citation purposes)

Woods et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table 1. Mobile Application Rating Scale subscale scores.

Mean (SD)Subscalea and item

Engagement

3.33 (1.03)Entertainment 

3.83 (0.75)Interest

3.00 (0.89)Customization

3.00 (0.89)Interactivity

3.67 (0.82)Target group

3.37 (0.69)Subscale mean

Functionality

2.67 (1.63)Performance 

3.67 (0.52)Ease of use

3.67 (1.03)Navigation

3.33 (0.82)Gestural design

3.33 (0.66)Subscale mean

Esthetics

4.17 (0.75)Layout 

3.67 (1.03)Graphics

3.67 (0.82)Visual appeal

3.83 (0.81)Subscale mean

Informationb

3.80 (0.84)Quality of information 

3.60 (1.52)Quantity of information

4.17 (0.41)Visual information

3.78 (0.81)Subscale mean

3.53 (0.63)Overall quality

Subjective score

3.50 (1.22)Recommendation 

4.67 (0.82)Use in 12 months

1.67 (1.03)Pay for the app

3.33 (0.82)Star rating

3.29 (0.70)Subscale mean

App-specific items

3.17 (1.17)Awareness 

2.67 (0.52)Knowledge

2.33 (0.82)Attitudes

2.33 (0.82)Intention to change

2.33 (0.82)Help seeking

2.33 (0.82)Behavior change

2.53 (0.71)Subscale mean

aMobile Application Rating Scale values range from 1=inadequate to 5=excellent.
bThe information quality score excluded items 13, 14, 18, and 19 from the Mobile Application Rating Scale.
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Textbox 1. Summary of the themes and subthemes from participant interviews.

• App use

• Weight, fluid restriction, and step counter

• Use of features

• Graphs as visual representation of patient data

• Capacity for self-management

• Established understanding of heart failure and self-management practices

• App for daily management of illness

• App as communication tool

• Technical considerations

• Attitudes toward technology

• Functionality

• Data entry

• Suggested changes

Participants did not watch the instructional exercises videos due
to disinterest, personal preference to undertake their own form
of exercise, and awareness that they would not continue after a
few weeks of watching the same videos. Additional reasons for
not using all the features of the app included technical issues
and a lack of perceived value for the time required for data
entry. One participant commented on why he did not take the
time to enter his medications and doctor’s contact details into
the app:

I’m just trying to wait until I get my medications
stabilised before I make the inputs...My doctor’s
names and all of that information I haven’t put that
in yet but I will over time. It’s just – ah – I’ve I tell
you I’ve been so busy since getting back [home after
hospital], just busy busy busy and relaxing after 4
weeks in the hospital. [P8]

Heart failure information was considered useful for a few
patients; however, most participants felt the information was
already known to them; one said, “there’s no new material for
me actually” (P6). Another participant explained how the lack
of new information relates to perceived utility of the app:

For me it’s things I already know...I know I’m big on
diet, big on health, so a lot of this information in the
app I already know but it just reinforces it...I do enjoy
the app but I don’t need it. [P8]

Graphs as a Visual Representation of Patient Data

Visual representation of patient data through graphs was a
positive feature of the app, specifically for self-awareness. For
daily weight management, graphs were deemed useful, accurate,
and relevant and provided feedback to users, as viewing 7-day
weight trends heightened self-awareness. A participant explained
how the weight trend allowed him to be more “weight aware”
(P2), and another appreciated the visual representation of health
data specifically:

In a graphical sense you see [the weight trend]
straight away. And your brain functions on that rather
than on just a list of numbers. [P7]

Self-awareness regarding mobility was deemed beneficial in
the exercise section as well. The 7-day step counter graph
provided an accurate picture of the mobility status to patients
who used the feature:

I’m just trying to keep track of how much activity I’m
doing, to make sure I’m…keeping moving. [P1]

Graphical representation of patient data provided learning
opportunities. Monitoring the link between fluid intake and
fluid congestion can be challenging. However, graphing these
data may assist to review previous day’s fluid intake and to
cross reference this information with fluid congestion symptoms,
which may be caused by previous days’ nonadherence:

[It] appears in your record that you can go back and
look and then gives you some sort of positive
understanding about what you might have done
wrong...your ankles swell up the following morning
and you think “ahhhh dopey bugger, I should have
bloody been more careful” so and they’re lessons we
all learn...recognising [I’ve] gone over [my fluid
restriction]. [P7]

Theme 2: Capacity for Self-Management
Participants were unsure how Care4myHeart would fit into the
way they currently understand heart failure and conduct
self-management, as using the app for heart failure would
require a fundamental change in routine. However, there was
potential benefit to heart failure self-management for daily
management of illness with the benefits of accurately recording
and reviewing personal health data, and as a communication
tool for doctors to assist with care planning, as all medical
information is in available one place. These three subthemes
are discussed below.
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Established Understanding of Heart Failure and
Self-Management Practices

Participants found their own way to self-manage their health.
Living with the condition for many years, understanding the
importance of self-management, and setting goals regarding
self-management had contributed to their existing behaviors
embedded into daily life. There were many existing
self-management strategies: use of a measuring jug on the
kitchen bench for fluid intake monitoring, digital calendars,
shared household calendar on the back of the pantry door for
medical appointments/reminders, liaising with specialist nurses
via email, and paper files containing medical documentation.

Participants reported satisfaction with their current health care.
Notably, patients reported easy access to health care
professionals for regular follow-up, ongoing
education/information, and question answering. Participants
spoke highly of their current general practitioner, cardiologist,
and heart failure nurses:

I’ve got the heart nurse’s phone number and mobile
number too. She’s absolutely fantastic. [P3]

Participants were aware of and followed a self-management
care plan in conjunction with their health care team, knowing
their condition is life-limiting. Satisfaction with these current
routines was demonstrated:

I mean why do I need an app to tell me that ah “do
this, do this and this, and you’re going to have a
better life”? Whereas I get all of this so-called
experts, the doctors and all of the information they
give you, they tell you the same thing [as the app]...I
don’t necessarily need an app. Personally, I’m going
to do the right thing because I want to live...I know
I’m dying. I’m dying as we speak, there’s no secrets
here but I want to live so I’m going to do the right
things. [P8]

Existing self-management strategies were in a different location
or format from the app. Participants compared the convenience
of their existing strategies to using the app for self-management.
Particularly, participants critiqued the need to “go to various
pages on the program” (P3) to view health data, as participants
commonly documented information in a notebook or electronic
spreadsheet. These existing records have been tailored to the
specific requirements considered important by the patients
themselves or their health care team. The benefit of these
existing daily records was the ability to view their health status
at a glance and as a self-management checklist:

I can just look at one page and get the whole picture
of what’s happening...it’s all on one page, so I can
tick something when I’ve taken it...I just have a look
at [the page] and see that I’ve done everything that
day and basically...well that’s the day done, I’m
complete. [P3]

Further, existing strategies were considered easy and time
efficient in everyday life, as one participant explained about
maintaining his fluid restriction throughout the day using other
strategies compared with using the app:

I would personally keep going the way I’m going cos
of the ease of doing it...[T]he easy things I’d rather
just do easy, like the water in the jug...where the app’s
stuck in my bedroom most of the time. I’ve gotta go
and turn it on, I’ve gotta go bang, bang, bang, and
by the time I’ve sorta done the water in the jug I’ve
well and truly finished before probably I’ve even get
into the program properly. [P3]

Although the app may assist in monitoring specific
self-management activities like weight or fluid intake, it did not
seem to embody the complexity of self-management of heart
failure. Participants communicated a good understanding of
heart failure (with the exception of one participant who was not
familiar with the term “dry weight”). They correctly understood
that fluid congestion was variable, fluid intake and diuretic
medications are directly linked to fluid status, and regular
self-assessment for abdominal/ankle edema was necessary.
Understanding these concepts of heart failure involved a more
thorough and subjective self-assessment, which was not directly
equivalent to the setting’s parameters within the design of the
app. One participant explained his thought process while
conducting a self-assessment, which was a more complex
process than simply adhering to a daily fluid restriction:

Sometimes I will go over my fluid intake which is 1.2
[litres], sometimes I go over because I’m looking at
the way I feel...I’m doing a couple of things. I’m
looking at the fluid intake but I’m also looking at my
body or seeing the way I feel...I’m looking at how dry
I am…I’ll just drink a little bit more and not get a
doctor review [because] I haven’t started to pick up
any signs of oedema. [P8]

App for Daily Management of Illness

The app provided a routine to manage health data like weight.
Participants explained that “it generates a discipline to maintain
the information” (P2) specifically regarding “the daily
management of my fluid balance, it takes a lot of adjustment...to
get the balance right” (P1). Entering weight was quicker using
the app than the usual format of documenting weight for some
proclaiming “this is a quicker way of doing it, like most
computers it can store information well” (P2).

Recording health information within the app on a daily basis
was considered more accurate than manual measures or memory.
One participant explained how he normally relies on memory:

I don’t record it as such but I check it every couple
of days keeping a mental note – I just want to make
sure there are no big variations from day to day so
that’s all I look for [but with the app] it’s nice to have
that trend, I like it, it gives you a more accurate
picture. [P6]

The health data repository and feedback within the app provided
an opportunity to view a person’s health status more objectively.
For example, accurate recording of health data might help family
members seek care appropriately during times of worsening
heart failure:

If you go into denial stage and don’t pay attention to
the weight because you don’t want to go into hospital
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or something, now they can look and see “Ah well
that’s not right – we should get you to the doctor” so
I think it would help. [P1]

App as Communication Tool

The app was considered a potential tool to communicate with
doctors and other health professionals about assisting with care
planning. Participants explained how the app could facilitate
accurate information sharing:

[The app]enables you to communicate with your
medical practitioner in a fairly accurate - one would
hope - way, about what’s been going on and therefore
one would hope, if you were the medical practitioner,
I suppose it would cause the medical practitioner a
better basis of making decisions about your medical
care. [P2]

As a potential communication tool, the app could assist doctors
with patient assessment. Participants frequently spoke of the
potential to show doctors the graphs representing health-related
trends of recent days in a consultation, as “it’s quick” (P7), or
over the phone, as “If you had it on a phone you could just say
[to the doctor] ‘Look, I’ll send this through to you”’ (P7).
Another participant agreed with this potential:

The concept is good because you can take your tablet
along to your doctor and he says “well how have you
been?” and you can say “well there you are, there’s
my weight, there’s my blood pressure,” so you’ve got
that information available. [P2]

Having medical information in one place was deemed useful if
all relevant data were stored in the app. Digital storage of
personal medical records was considered “very powerful and
very useful” (P7), as participants saw benefit in having
“everything in one place” (P6) and “recorded accurately” (P1).
Digital copies of medical information were considered “much
easier rather than carrying an actual physical document.
Sometimes I forget to take it” (P6). The potential to use the app
as a communication tool was deemed especially valuable for
new or temporary doctors and during medical emergencies:

Just air drop [my current medication list] from your
phone to the doctor in casualty or whatever I think’s
a great, very good idea...I think that would be helpful
for a lot of people especially if you come into hospital
somewhere hypoxic...unconscious or whatever...or
too breathless to talk about it. I’ve got a very very
extensive list of drugs that I’m on, I think it’s 35
tablets a day usually, so having that list when I’ve
gotta provide it, makes it much easier. [P1]

However, no participants reported using the app with members
in their health care team during the time of the study. Further,
the version used for the usability study was not set up for
third-party access.

Theme 3: Technical Considerations
There were technical considerations influencing the experience
of using the app, including attitudes toward technology and
functionality and data entry issues. These subthemes are reported

in the following section alongside the final subtheme—numerous
suggested changes —to improve the app’s design.

Attitudes Toward Technology

Predominantly, participants were not regular users of smart
devices for apps or health. Three sample quotes demonstrated
minimal interest in using smart devices overall:

I’m not a big user of phones, especially mobile
phones. [P8]

I don’t particularly like turning computers on anyhow,
I mean I’d go a fortnight without reading my emails.
[P3]

I’m a dinosaur and not used to using texting. [P7]

Trust was one reason a participant would not use internet
banking or purchase products using a credit card (P3).
Participants reported using their smart devices for Google
calendar, checking the weather forecast, playing games
(CandyCrush, solitaire, or crosswords), and internet searches,
and only a few used emails. In relation to technology use for
health, one participant reported using a health app for
self-management of heart failure and another stored his current
medication list in the notes section of his smartphone. No
participants reported storing medical documents electronically.

Participants believed in the inevitable advancement of
technology in the contemporary era, and this was perceived to
include the acceptance of health apps like Care4myHeart for
younger generations. With the everyday use of smartphones,
the younger generation “would approach it completely
differently” (P7). Another participant explained:

I think for really the next generation and computer
nerds at the moment you’re on a winner there, I really
do...As you get the younger ones come through you’ll
be fine, which will happen just over time. [P3]

Attitudes toward technology by family members appeared
consistent with those of the participants. There were no reports
of receiving assistance from family members by using the app:

[My wife is] less techno-cradic [sic] than I am. I mean
she went from a phone with a touchscreen back to a
phone with push buttons on it, that’s what she likes.
[P7]

The personal nature of smartphones may impact the divide
between family members:

[It is] my phone so she didn’t really take a closer
look. [P8]

Functionality

Technical challenges were reported to affect usage, which was
more prevalent in Android than iOS devices. Issues with
downloading the version update on Android caused one
participant to discontinue participation in the study. A second
participant was unable to download the updated Android version
but managed to continue with the original version downloaded
at the beginning of the usability study:

The whole thing stands still. Still. Still doing
nothing...The process of downloading the app is pretty
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clearly signposted, I’m not complaining about that,
it just didn’t work. [P2]

Technical issues with the Android version also included: lengthy
app loading; a blank 7-day weight graph; and the inability to
record blood pressure readings, set medication reminders, and
use the clock function. Virus-protection interference due to the
app being from an unknown source was also reported, regardless
of approval of unknown sources in the settings section of the
device. The iOS version had less technical issue reports overall
but a lengthier multistep initial download process and
intermittent screen freezes.

Technical issues were a barrier for ongoing use. Participants
commented on the ongoing struggles with the usability:

I’ve persevered with it...but I found I was battling
[with the app]. [P7]

Whether it’s me or whether it’s the program or a
combination of both I don’t know, but that’s your
problem. [P3]

The potential benefit of the app versus the technical challenges
associated with the app was also reflected:

I still think the idea is good and I think it’s easy
enough to use if it works but I’ve still got problems
with the execution, you know. [P2]

Interestingly, participants seldom reported technical challenges
encountered by the research team during the usability study but
raised these issues during the interview.

Data Entry

Navigation and data entry were specifically problematic.
Participants reported physical limitations during the operation
of the app, saying they have “big clumsy fingers” and their
“hands shake a little bit” (P7). Participants experienced
time-consuming data entry in the medications section, challenges
with using some buttons, and confusion completing or updating
the settings.

Strategies to overcome these limitations were evident, as
participants had insight into their own ailments:

Sometimes I lick the end of my fingers and that might
be a factor of fluid, my fluids are very low and I’m
quite dry. [P7]

Awareness of these functional limitations was a factor in
participants choosing a tablet device over a smartphone if they
owned both: “I’ve got fat fingers and the phone’s got a small
keyboard” (P2). Further, the consequences of incorrect data
entry in the settings component of the app caused inappropriate
alerts. One participant explained an alert associated with
incorrect entry of dry weight:

It told me horror stories about what I should do in
terms of consulting my medical practitioners, when
in fact I had simply a [settings] error on the machine.
[P2]

Suggested Changes

Many suggested changes were provided in relation to data entry
issues, utility by the heart failure population, and making it
more appealing for the user.

There were many usability improvements regarding the data
entry challenges experienced. Participants wanted more control
over their data: “people are generally pretty honest about the
way they deal with their own data” (P7). Participants wanted
to clear previously entered or incorrect data, edit previously
entered data, and enter retrospective data in case it was missed,
causing incomplete weight graphs:

If you’re out for the day say and you leave your phone
at home and you come back and want to add the data
the following day, you can’t do it, so I think that is
definitely a negative. [P7]

Having an empty data entry screen without predicted or previous
amounts was important to avoid confusion during data entries.
This was noted for documenting fluid intake and entering daily
weight:

It comes up with the last weight you put in so you
have to delete that before you can actually [put] a
revised weight in and I think that’s a mistake. I think
the window should be clear and you just enter in the
data you want to enter. [P7]

In addition, there were suggestions to improve the applicability
to the patient group. These included recording more health data,
documenting medication variations more easily, adding a
medication checklist function, going over the maximum fluid
restriction volume, and adding a free-text general notes page.

Making the user interface more appealing was deemed necessary
for engagement with the app. Suggestions included visualization
of fluid overflowing out of the fluid jug or turning red in color
and more graphical information with an increase to a 14-day
trend. Participants explained their wish for a more interesting
interface:

If you can have some whistles and bells and things
like that–it just makes it a little bit more interesting.
[P8]

Some screens are very average looking...I think if you
could brush it up a little bit and um, make it more
appealing some of the screens...would be nice
actually. [P6]

These improvement suggestions would perceivably improve
the utility of the app:

[To] make notes about day to day things…just like a
general notes page. That would be a great idea...That
would be the decider for me to use it over the other
one [app]. [P1]

Miscellaneous suggested changes included a simpler keyboard,
ability to change to horizontal view on the tablet version, and
appearance of the logo on more screens.
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Discussion

Learning from Failure
This paper presents findings from a usability study conducted
with patients using an mHealth app for heart failure. We
explored the way the app was used and its perceived impact on
self-management of disease. In this context, frequently used
features were weight and fluid restriction tracking, and graphical
representation of data was particularly beneficial. Using
technology for self-management would fundamentally differ
from current practices; however, use of the app was correlated
with the potential utility for daily condition management and
as a communication tool. The overall app quality score, as
assessed by the MARS, was slightly higher for Care4myHeart
(3.53) than an average of the 34 comparable heart failure-support
apps on the consumer app stores (3.4) [12]. In its current form,
the perceived impact on health behavior change was classified
as “poor” in the MARS app-specific subscale. Patient
experiences of using various app components highlighted
challenges and opportunities for design improvements for the
next version of the Care4myHeart app. In addition, patient
experiences have implications for researchers investigating
digital health systems for chronic disease and consumer app
designers wishing to incorporate human factors. Many lessons
were learned from the usability study and are described below.

Lessons Learned
The following lessons were learned from the evaluation of
Care4myHeart by patient participants.

Lesson 1: If Technology Is Not Integrated Into Everyday
Life, It Is a Significant Barrier to Adoption
Integrating self-management with normal life patterns has been
identified as a key enabler of effective self-care in heart failure
[20], and participants in this study have well-established daily
routines. Clarke et al [20] described how patients with heart
failure enlist “cues” in everyday life as routines to facilitate
guideline adherence. For example, to integrate self-management
activities with the morning routine, patients may place pill boxes
on the breakfast table as a visual reminder for medication
adherence [20]. Participants in the usability study for
Care4myHeart reported various cues and, except for a few,
reported their ease and desire to continue with the existing
routines. Demonstrating this, the use of a measuring jug on the
kitchen bench for daily fluid restriction management served
three functions: a visual reminder to limit oral fluids, a
functional measuring tool, and an accurate visual representation
of cumulative fluid intake at any point in the day. This presents
a more convenient option for participants whose smart devices
were located elsewhere in the house and had a more practical
option, given the inability of the technology to measure fluid
volumes. Participant reflections in comparing the use of
technology in heart failure were consistent with the recent study
conducted with older people with heart failure: Nguyen et al
[9] found that “Some patients did not find technology to be
useful or relevant in their daily activities because they were
already comfortable with their routines.” Similar reasons likely
contributed to the low perceived impact of the app on health
behavior change reported in the MARS and indifference to

explore all app features, as participants felt the app did not
enhance existing self-management. Consequently, introducing
the app at the commencement of a self-management regimen
may be more beneficial and needs further investigation.

The private nature of smart devices may be a barrier to adoption
itself. In this study, no participants reported the involvement of
family caregivers regarding the use of the Care4myHeart app.
Yet, historically, caregivers are frequently involved in heart
failure [21] with some patients dependent on their caregivers
to make health-related decisions [9]. The gradation of
dependency of caregivers for older adults with chronic
conditions [22] presents challenges in designing future support
interventions [20] when daily health-related activities involve
caregivers. The technology risks excluding caregivers unless
the design supports their active involvement and the resulting
design presents a perceived benefit to the patient and caregiver.

Lesson 2: The Biggest Benefit Is the Opportunity for
Improved Self-Awareness and Continuous Learning in
Heart Failure Management
The timely detection and recognition of and action to subtle
changes in symptoms was noted as a key skill for effective
self-management of heart failure [20]. According to patient
experiences, the self-management app we developed offered
possibilities for a more active role in daily recording and
reviewing of heart failure-related data. Participants specifically
observed a benefit in the graphical representation of their data
with the ability to view trends, detect changes representative of
worsening heart failure, and take action accordingly. Previous
studies have shown that skills in managing heart failure evolve
over time and learning from past experiences are helpful in
applying effective strategies to daily life [21]. This was
particularly evident with patients’ experiences using the 7-day
weight trend feature. Participants felt it was accurate and timely
and provided an objective representation of their health status
to watch or act when needed. We believe that the use of mHealth
via an app with real-time representation of data trends would
strengthen patient empowerment and decision making in
self-management.

However, to realize the potential for improved self-awareness
and continuous learning, engagement improvements are needed.
A recent review, which compared the quality of 34 heart failure
support apps on the consumer app stores using the MARS, found
the lowest score was for the engagement subscale (2.9/5.0) [12].
This led to a call for further improvements in engagement of
mHealth apps for heart failure support. In the context of our
study, Care4myHeart had an engagement subscale mean of
3.37, which was higher than the average in the review. However,
this score still falls short of the “good” range. In this regard,
participants conveyed valuable suggestions to improve the
interactivity and customization of the app, in addition to
suggestions to make the interface more interesting and
entertaining. Incorporating the many suggestions provided from
(just) six participants in the study may greatly improve the
interface for future users. The suggested changes are relatively
minor to incorporate in iterations, as they have been in other
usability studies [23] achieved through usability studies of
similar sample sizes of 5-10 participants [24-26].
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Lesson 3: Patients Need a Way to Manage Their Health
Information Across the Health Care System
The findings of this research indicate that participants want
effective ways to share their data with health care professionals
for ongoing care. Participants perceived the app to be effective
as a communication tool to share their data in a timely, accurate,
and visual manner, so that health care professionals can be
armed with all relevant health information contained in one
system, especially in an emergency or unfamiliar health care
setting, for care planning. Australia is transitioning to an opt-out
electronic health record; however, during the usability study
period, participants’health information was largely held in silos
by individual health providers. Participants reported the safety
and quality benefits to record, store, and manage health
information in one place, whether it was the Care4myHeart app
or another assistive technology. These participants’perspectives
are mirrored in a recent study investigating experiences using
the patient-accessible electronic health record used in Sweden
[27]. Over 96% of survey responders had an overall positive
perception of the system, reporting the following highest-rated
reasons why they felt it important to have access to their
health-related information: (1) it makes patients feel informed,
(2) it improves communication between medical staff and the
patient, (3) it improves the understanding of the patient’s
condition, and (4) it makes patients feel safe [27].

Condition-specific mHealth apps have limitations for integration
to current health information systems across acute care, primary
care, and community care. Standalone apps will not reach their
potential to aid self-management without integration across
health care providers, because, like other chronic conditions,
patients with heart failure have concurrent comorbid conditions
[1], experience frequent hospitalizations [3], and require a team
approach across health care sectors [5]. There is increasing
recognition that health services for those living with chronic
conditions need to be more integrated, coordinated, and patient
focused across the continuum of care [2]; however, mHealth
has specific challenges in addition to other service redesign
efforts. For example, health system readiness, organizational
resistance to change, policy uncertainties, and unclear
reimbursement schedules for clinicians have been previously
identified as barriers to the successful implementation of
mHealth technologies for chronic conditions [22].

Lesson 4: Technical Challenges are a Significant Barrier
to Use With Most Patients Unlikely to Persevere
Attitudes toward technology use impacted participants’
experiences of using the app. The complex components within
the app requiring more navigation and data entry, for example,
the medication list feature, were infrequently used. These
complex components were more likely to have technical and
functional issues, which was an additional deterrent reported
by participants with less confidence of using technology. For
the few participants who self-reported daily app use, the
technical challenges were less of a hindrance, but these
participants were more likely to provide specific
interface-improvement suggestions.

The findings of this usability study have led to recommendations
regarding technology use for usability studies conducted with

patients, which may be particularly beneficial to clinician
researchers. First, testing and re-testing before allowing patients
to use the technology is important to help mitigate frustration
of poorly functioning technology, a previously reported fear in
older adults with heart failure [9]. Second, avoiding version
updates during a usability trial will limit confusion, particularly
when the researcher cannot screen share with patients located
in rural areas to guide the process. Finally, consider recruiting
patients who use apps daily as “early adopters” of mHealth for
heart failure because of the variable levels of technology
acceptance in this patient population [9]. Our findings were
consistent with those of Nguyen and colleagues [9] who found
that patients were keen to manage their heart failure and willing
to uptake self-management recommendations, but discovered
that for some patients, adopting a new technology on top of
their daily health routines may be of little benefit. Time and
effort were barriers to technology acceptance [9], consistent
with the findings from this study, where the ease and
convenience of continuing with existing self-care regimens
outweighed the technical challenges of learning how to use a
new app. This would also account for the seldom reporting of
technical difficulties during the study. Participants likely made
decisions about their acceptance of the app early in the study
period and therefore lacked motivation to troubleshoot technical
issues with the research team. We found these barriers to
technology use regardless of the participant’s keen interest to
participate in the research and optimism for technology to assist
with their health, noting that the demographic of study
participants were older men only.

We tried to minimize technical challenges by using a
participatory, co-design approach involving patients in each
stage of the development; however, this was not reflected in
the study’s findings. This challenges the assumptions of the
co-design methodology in addressing the needs of target users
and improving usability and places further emphasis on the
nonhomogenous attitudes of patients with heart failure when
considering technology and health.

Recommendations for Future Research
Future research should explore in what formats and contexts
technology can positively complement daily self-management
activities conducted by patients with heart failure. Importantly,
we must incorporate the vital caregiver role in the design of
condition-specific mHealth because of their active role in
self-management support in the home environment. A more
focused understanding of the design considerations to engage
users in an interesting and beneficial way is likely necessary
for adoption and ongoing use, which will require
interdisciplinary collaboration between designers, developers,
health care providers, and health care consumers. Third-party
access to medical information in the app, especially in an
emergency, may be an important design recommendation and
should be investigated.

With the limited number of evidence-based mHealth
interventions moving past the pilot or feasibility stage [22],
future studies should investigate the many barriers to adoption
and sustainability. Implementation science of mHealth apps for
self-management of chronic conditions as an adjunct to existing
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care is an important area for further research, specifically for
investigating perspectives of clinicians, health system
administrators, and policy makers.

Limitations
Since data collection, the authors are aware of a user version of
the MARS called uMARS [28], which would have suited this
participant sample more specifically as health care consumers.
A limitation of this research is the selection bias of the patients.
First, as per the inclusion criteria, all participants owned a smart
device. Second, less adherent patients, for whom the app may
be most beneficial, are often not willing to participate and may
have reported different experiences from this sample. The
findings from this study conducted with a small and homogenous
sample cannot be generalized to the wider heart failure
population; nevertheless, they provide insight for further
research on the topic.

Conclusion
A mixed-methods evaluation of patient experiences using an
mHealth app for heart failure showed how the app was used

and its perceived impact on self-management. Daily
self-management habits are established without the use of
technology, so patients were unsure how the app would fit in
their routines. Nevertheless, participants saw the potential of
the app to aid daily condition management, particularly
regarding weight and fluid restriction management, and serve
as a communication tool for health care professionals involved
in their care.

Understanding users’ experiences contributes to design
improvements for the Care4myHeart app, and the lessons
learned have implications for researchers and development
teams to advance the quality of consumer mHealth apps for
chronic conditions. Future studies should investigate the barriers
to adoption and sustainability of consumer mHealth
interventions, including whether introducing such apps is more
beneficial at the commencement of a self-management regimen.
Research into how to incorporate the important role of caregivers
in the design of technology to support self-management in the
home environment is also needed.
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Abstract

Background: As people increasingly receive personal health information through technology, there is increased importance
for this information to be communicated with empathy and consideration for the patient’s experience of consuming it. Although
technology enables people to have more frequent and faster access to their health information, it could also cause unnecessary
anxiety, distress, or confusion because of the sensitive and complex nature of the information and its potential to provide information
that could be considered bad news.

Objective: The aim of this study was to uncover insights for the design of health information technologies that potentially
communicate bad news about health such as the result of a diagnosis, increased risk for a chronic or terminal disease, or overall
declining health.

Methods: On the basis of a review of established guidelines for clinicians on communicating bad news, we developed an
interview guide and conducted interviews with patients, patients’ family members, and clinicians on their experience of delivering
and receiving the diagnosis of a serious disease. We then analyzed the data using a thematic analysis to identify overall themes
from a perspective of identifying ways to translate these strategies to technology design.

Results: We describe qualitative results combining an analysis of the clinical guidelines for sharing bad health news with patients
and interviews on clinicians’ specific strategies to communicate bad news and the emotional and informational support that
patients and their family members seek. Specific strategies clinicians use included preparing for the patients’ visit, anticipating
patients’ feelings, building a partnership of trust with patients, acknowledging patients’physical and emotional discomfort, setting
up a scene where patients can process the information, helping patients build resilience and giving hope, matching the level of
information to the patients’ level of understanding, communicating face-to-face, if possible, and using nonverbal means. Patient
and family member experiences included internal turmoil and emotional distress when receiving bad news and emotional and
informational support that patients and family members seek.

Conclusions: The results from this study identify specific strategies for health information technologies to better promote
empathic communication when they communicate concerning health news. We distill the findings from our study into design
hypotheses for ways technologies may be able to help people better cope with the possibility of receiving bad health news,
including tailoring the delivery of information to the patients’ individual preferences, supporting interfaces for sharing patients’
context, mitigating emotional stress from self-monitoring data, and identifying clear, actionable steps patients can take next.

(JMIR Hum Factors 2019;6(2):e8885)   doi:10.2196/humanfactors.8885
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Introduction

Motivation
The proliferation of health technologies—such as fitness
trackers, self-monitoring tools, and personal health records
(PHRs)—enables people to be aware of their own health
information more than ever before. The information patients
may gather about their health from such technologies includes
a casual notice of weight gain or loss, changes in cholesterol or
blood glucose levels, signs of developmental delays, or an
increased risk of a serious disease such as diabetes or
Alzheimer’s. Having access to personal health information via
various technology channels can help people manage chronic
conditions, encourage healthy habits, or bring awareness to
problems they might not have previously recognized. Although
people have frequent and fast access to their health data, the
tools have the possibility of communicating bad health news
without consideration for the patients’ emotional condition to
which a skilled clinician can be responsive. For example, with
PHRs, patients can check their laboratory results on the Web
without the presence of clinicians [1]. In the absence of the
human element, such as the informational or emotional support
that can take place during communicating health news in-person
by a skilled physician, people could have difficulty assimilating
information and making informed decisions about treatment
options, lifestyle changes, and medications that could create
undue emotional burden on patients. These situations could be
avoided if health technologies are designed with empathy, which
is known to positively influence patient health outcomes such
as patient satisfaction and adherence to treatment [2].

In this paper, we argue that health information systems that
potentially communicate bad health news need to deliver the
news while considering the emotional needs for patients and
that such needs have been largely unfulfilled in the design of
current health information systems [3,4]. By investigating how
clinicians communicate bad news about health, we can learn
and apply strategies for designing health information
technologies that are more empathic and can reduce the patients’
emotional burden. In this paper, we first review established
guidelines and protocols for communicating bad news that are
designed to train clinicians to improve their communication
skills. We then discuss the semi structured interviews we
conducted with clinicians and patients to understand their
respective experiences of delivering and receiving a diagnosis
for severe or chronic conditions—such as cancer, Parkinson’s
disease, or diabetes. We identify and characterize the issues
around health technologies that potentially cause patients
anxiety, distress, and frustration and identify patients’ and their
caregivers’ emotional and informational needs at the time of
receiving “bad news.” We discuss design hypotheses and
example designs that leverage the strategies suggested by
participants and guidelines from patient-clinician communication
literature [5-10].

Strategies and Technologies for Communicating Health
News

Clinical Guidelines for Communicating Bad Health
News
Although communicating bad news is an important part of
medical care, both clinicians and patients find it difficult.
Clinicians have legal and ethical obligations to provide patients
with as much information as they want [11] even if they suspect
that it will have a negative impact on patients. A majority of
patients desire to be told the truth about the diagnosis of a
serious disease (eg, cancer) and even a grave prognosis [12].
As clinicians find it challenging to be honest with their patient
and not destroy the patient’s hope at the same time, many
guidelines recommend how to communicate bad news.

Guidelines for communicating bad news are developed on the
basis of reviews of other literature [7,13] and clinical opinions
[14,15]. Although rare, a few studies account for patients’
opinions [7,16]. Some guidelines are geared toward specific
medical situations—such as communicating to cancer patients
[14] or parents of a child with additional needs [17,18].
However, in general, communication skills are not
disease-specific knowledge, and thus established guidelines can
be applicable to a wide variety of situations where clinicians
across specialties communicate with patients. Communication
guidelines comprise ways to set context, listen to patients,
acknowledge their emotions, and share medical information. It
has been found to be useful in all medical interviews—especially
in palliative care and psychotherapeutic dialogue—as the
“breaking of bad news is universal to medicine” [8].

Communication guidelines and models assume that
communication skills can be taught and acquired. Since the
1990s, North American medical schools began to teach
communication skills. According to a 1999 survey in which 89
of the 144 medical schools participated, 85% reported that they
teach communication skills [19]. Of the schools that used a
structured model in teaching communication skills (32%), 2
models they commonly used were the SEGUE (short for S et
the stage, E licit information, G ive information, U nderstand
the patient’s perspective, E nd the encounter) framework for
Teaching and Assessing Communication Skills [20] and the
Calgary-Cambridge observation guide [21]. As these models
were general communication models, we looked for
communication models specific to breaking bad news that are
widely used in the medical community—the SPIKES model
[14] and Consensus Guidelines [7]—and used them for framing
our interview guides and analysis. The SPIKES model is useful
for its simplicity, and the Consensus Guidelines are useful
because of their comprehensiveness. The SPIKES 6-Step
protocol emphasizes the sequence of communicative acts
occurring alongside a process of emotional acknowledgment
and repositioning. It comprises the following steps: (S)—Setting
up the interview; (P)—assessing the patient’s Perception;
(I)—obtaining the patient’s Invitation; (K)—giving Knowledge
and information to the patient; (E)—addressing the patient’s
Emotions with empathic responses; and (S)—using Strategies
and Summary [14]. Detailed strategies are provided within each
step—strategies for “setting up,” for example, include arranging
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for privacy, involving significant others, and managing time
constraints and interruptions; strategies for “obtaining the
patient’s invitation” refer to the process of determining how
much information a patient wants to know and when they want
to hear it. This guideline is based on the grounds that everyone
has different information needs and that clinicians should ask
questions (eg, “How would you like me to give you the
information about the test results?”) to gauge how much
information a patient wants to know. The SPIKES protocol has
been incorporated into a variety of training programs for
clinicians and medical students across many disciplines. It has
been evaluated by patients according to their rating of the
procedure, perception, and satisfaction [22].

One caveat with the SPIKES protocol is that it is developed on
the basis of communication techniques rather than empirical

evidence. The consensus guidelines [7] on the other hand take
a different approach of reflecting the clinicians’ and patients’
opinions during the process of developing the model. After a
critical review of the medical literature on how to communicate
bad news, the authors developed a draft of guidelines and then
presented them to a consensus panel of medical professionals
(n=28) and patients diagnosed with cancer (n=100) for their
feedback. The consensus guidelines are a list of attributes rather
than a sequence of communicative acts. They offer distinct
guidelines such as being sensitive to patients’cultural, religious,
or social background, employing a trained health interpreter if
necessary, encouraging the patient to express his or her feelings
and documenting what the patient has been told. Textbox 1
summarizes the consensus guidelines [7] for communicating
bad news.

Textbox 1. Consensus guidelines.

Summary of recommendations for communicating bad news

• One person only should be responsible for breaking bad news

• The patient has a legal and moral right to information

• Primary responsibility is to the individual patient

• Give accurate and reliable information

• Ask people how much they want to know

• Prepare the patient for the possibility of bad news as early as possible

• Avoid giving the results of each test individually, if several tests are being performed

• Tell the patient his or her diagnosis as soon as it is certain

• Ensure privacy and make the patient feel comfortable

• Ideally, family and significant others should be present

• If possible, arrange for another health professional to be present

• Inform the patient’s general practitioner and other medical advisers of the level of development of patient's understanding

• Use eye contact and body language to convey warmth, sympathy, encouragement, or reassurance to the patient

• Employ a trained health interpreter if language differences exist

• Be sensitive to the person’s culture, race, religious beliefs, and social background

• Acknowledge your own shortcomings and emotional difficulties in breaking bad news

The review of the guidelines reveals a considerable overlap
between SPIKES and the consensus guidelines such as ensuring
privacy, assessing the patient’s understanding of the situation,
and providing an honest diagnosis using simple language. In a
clinician’s attempt to understand what it is like to be a patient,
active listening and expression of feelings are the hallmarks of
empathy during clinician-patient communication.

In our research, we used a review of the clinical guidelines to
help frame our interview guides and as a starting point for our
thematic analysis.

Patients’ Preferences for Communicating Health News
Several studies have investigated patients’ preferences for
receiving health news, specifically in the context of receiving
cancer diagnosis during the in-person communication [23-25].
For example, Parker et al conducted a survey to understand the
characteristics of communication that different types of cancer

patients would prefer such as what and how much information
to receive, what setting and context they want to be in, and
whether to receive emotional support during the communication
[25]. Although these studies generate useful suggestions for
improving in-person communication (eg, “Establishing a basis
for breaking bad news” [23]), our goal is to identify insights
for technology design. In this regard, Choudhry et al provide
intriguing findings from their study on patients’ preference for
receiving skin biopsy results (which might contain a malignant
diagnosis)—majority of patients (67.1%) preferred to receive
the news via a telephone over other methods such as face-to-face
communication (19.5%) or patient portal (5.1%) [26]. Top 2
contributing factors were (1) wanting to receive the results in
the most rapid manner and (2) wanting to have an opportunity
to ask questions when needed. In designing technologies for
communicating bad news, we believe that these 2 aspects are
important design considerations that need to be supported.
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Self-Monitoring Tools for Health
Self-monitoring tools for health—such as blood glucose meters,
electronic scales for body weight and body fat percentage,
devices for sleep behavior patterns, and journaling tools for
food—have proliferated in recent years. These self-monitoring
tools often help people increase awareness of their behavior,
identify patterns of behaviors, manage chronic conditions, or
observe the effects of treatment. Self-monitoring tools could
also improve the chances of early detection of a disease, which
could also increase the chances of successfully treating it [27].
The real benefit of self-monitoring comes from using it on a
regular basis long enough to identify trends. However, tracking
data over time could cause anxiety when the data do not meet
the observer’s expectations, when the data show that the user
is out of the normal range or if the user misinterprets or makes
incorrect inferences from data [28]. Recent research has explored
the phenomenon of people bringing self-monitoring data to their
provider, but that presents a number of challenges [29,30] such
as increased burden for both patients and providers, privacy
concerns, and perceived disruption of a provider’s primary care
duties.

Personal Health Records and Electronic Medical
Records
PHRs allow individuals to take an active role in managing their
health and keeping their health information up-to-date [31].
Integrated PHRs—often referred to as patient portals or tethered
PHRs—include a subset of health data from electronic medical
records (EMRs) and provide more diverse features than an
independent PHR. For example, they allow patients to access
their laboratory test results, schedule appointments, or request
prescription refills. Currently, the types of information that
should be shared and how the information should be released
have been the subject of heated debate [32]. Some clinicians
are not enthusiastic about patients’ direct access to their health
information—such as laboratory test results and doctors’ notes
[33], despite their legal and ethical obligation to provide
information if a patient asks for it. Clinicians worry as health
information shared on the Web could potentially convey bad
news to a patient, and thus patients run the risk of anxiety either
with too little information (because of limitations of electronic
media) or overwhelming information (in case of abnormal test
results that may be difficult for a nonexpert to interpret).
However, patients desire to have direct access to health
information, including normal and abnormal test results, in less
time than current norms [34]. Patient advocates argue that
patients’ direct access is a quick and efficient way of sharing
information and might improve patient understanding and
involvement in care [35,36]. Although we argue that health
information systems should provide patients with direct and
timely access to their own health information, this study offers
design considerations for interfaces to minimize some of the
negative consequences of such access on the patients’ side.

Affective Computing
Affective computing approaches consider empathy as a
physiological or behavioral measure and interpret those
measures as emotions [37-39]. Studies in the affective
computing literature often describe agent-based systems with

animated humanoid software that emulates empathy through
verbal and nonverbal modalities in various contexts.
Agent-based systems are designed to alleviate a computer user’s
frustration [40], deliver discharge information in place of
clinicians [41], or reduce stress levels of job interviewees [42].
Studies indicate that computers with such abilities can draw
positive user reactions and increase people’s desire to continue
using the system. However, other studies show that agent-based
systems are not yet sophisticated enough to replicate the subtlety
and complexity of human empathy [43]. Boehner et al [44]
assert that design should shift “from helping computers to better
understand human emotion to helping people to understand and
experience their own emotions.” Although affective computing
approaches concentrate on designing relational agents that
emulate empathy, we aim to uncover opportunities for health
technologies that support an empathic human-human
relationship.

Emotional Support Through Health Technologies
We note that evaluation measures for health information systems
are heavily weighted toward traditional usability (eg, screen
layout) and efficiency (eg, learning ability, cost-effectiveness,
task completion time, and error rate) aspects [45,46], and they
often neglect how the system supports patients’ emotional and
mental states [47], though a recent study by Suh et al included
emotional burden within their User Burden Scale for computing
systems [48], and Kientz et al described considering emotional
impact in the design of persuasive technologies [49]. For
information and communication technologies studied in hospital
settings, designers aim to improve clinicians’ work efficiency
or data entry [4,50], but they often neglect to support the
emotional needs of patients. One exception is the study by
Toscos et al, which highlights the importance of considering
diverse emotional needs when designing health-monitoring
technologies for teens with diabetes and their parents [51].
Technology has great potential to provide space for patients’
emotional support. Researchers describe empathy as common
in online patient support groups where patients seek both
emotional and informational support [52,53]. Others reveal
various characteristics of empathy presented in online discussion
boards [54], or they have designed virtual agents to help convey
empathy toward patients in care settings [41]. We can learn
from these existing tools in the design of new health
technologies.

Aim of the Paper
The primary goal of this research is to understand the design
requirements for and investigate specific strategies for improving
consumer-facing health technologies to communicate health
news to patients in a way that is more empathetic and in line
with best practices from clinical work in this space. The
development of these requirements and strategies requires an
empirical understanding of experiences of patients, clinicians,
and patient family members.
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Methods

Interviews With Clinicians and Patients
To understand the design space of using technology to
communicate bad health news, it was critical for us to have
firsthand dialogue with those who are involved in the process
of delivering and receiving news about one’s health. We thus
conducted semistructured, open-ended interviews with
clinicians, patients with chronic conditions, and patients’ family
members to better understand their experience and enable us to
translate the findings from the medical guidelines into more
practical considerations for our own work. Researchers from
the medical field have conducted interview studies involving
patients and patients’ family members; however, these studies
were aimed at developing guidelines for the clinicians [7,14],
whereas our interview study is aimed at identifying opportunities
for health information technology design. Moreover, clinicians’
views (eg, feelings, thoughts, and behaviors clinicians have
when delivering bad news) were studied mostly using structured
surveys [14,55,56]. Therefore, it was important to include
interviews with the 3 key stakeholders—patients, patients’
family members, and clinicians. We chose to do a retrospective
perception study rather than a study based on direct observation
of clinician-patient communication as we considered asking
patients or family members how they felt immediately after
receiving bad news to be unethical and impractical. Although
studies focusing on the communication of bad news are typically
based on retrospective recall [57], we acknowledge that this
approach has limitations—such as recall bias.

Recruitment
We recruited participants through word-of-mouth sampling and
Craigslist postings in the United States. We interviewed a total
of 23 participants—8 clinicians, 1 medical student, 1 social
worker, 9 patients, and 4 patients’ family members (see Table
1). Throughout the paper, we use the following naming scheme:
“Cx” for clinicians, “Px” for patients, and “Fx” for family
members. We offered a US $20 gift card to interviewees in
appreciation for their participation. During screening, we sought
clinicians or social workers who regularly conducted in-person
medical diagnoses, prognoses, or consultations with patients.
The social worker in this study had 12 years of experience in
delivering the news of positive HIV tests to clients, and thus
added a broader perspective than those trained as MDs (Doctor
of Medicine) or nurses. We also sought patients who had been
diagnosed with severe or chronic conditions. Although we did
not formally define “severe or chronic conditions” in the
recruitment posting, we listed cancer, Parkinson’s disease, and
diabetes as examples of these conditions, and we let patients
self-identify what they considered as severe or chronic
conditions. As there is limited literature reflecting the
perspectives among clinicians, patients, and family members,
we chose to include all 3 participant groups in this study. In
addition, as empathic communication is universal across
different conditions in health care, we expected that a diverse
sample would give us insights into the variety of ways it
manifests.
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Table 1. Demographic details of participants.

Years, months, or weeks of experienceArea of expertise or type of conditionGenderAgeGroupIDa

25 yearsOncologyMb62DoctorC1

25 yearsWomen’s healthM59DoctorC2

4 yearsInternal medicineM32Med. studentC3

3 yearsIntensive care unitFc34NurseC4

19 yearsFamily medicine; psychiatryM45DoctorC5

11 yearsPediatric cardiologyM39DoctorC6

14 yearsInternal medicineM—dDoctorC7

13 yearsFamily health nurseF—NurseC8

10 yearsInternal medicineF34DoctorC9

12 yearsDelivering HIV test resultsF45Social workerC10

17 yearsParkinson’s disease; breast cancerF50PatientP1

27 yearsDiabetes; gastroparesisF39PatientP2

5 yearsFollicular lymphoma—stage 4; diabetesF56PatientP3

12 yearsParkinson’s disease; breast cancer; knee replace-
ment

F57PatientP4

Patient: 1 year; Caregiver: 2 yearsHimself—Thyroid cancer, Wife—ovarian cancerM45Patient and FamilyP5

2 yearsHeart diseaseF21PatientP6

1 yearMuscle disease (peripheral myopathy); Crohn’s
disease

F34PatientP7

12 years (uterine cancer); 8 years (breast
cancer)

Uterine cancer; breast cancerF60PatientP8

1 yearBone cancer (Ewing’s Sarcoma)—stage 4M22PatientP9

5 yearsPartner of P3F45FamilyF1

2 weeksSister was diagnosed with diabetesF43FamilyF2

1 month as a caregiverMother was diagnosed with liver cancer (stage
4) and passed away

F43FamilyF3

3 years as a caregiverSon was diagnosed with type 1 diabetes when
he was 12 months old

F35FamilyF4

aNaming scheme: “Cx” for clinicians, “Px” for patients, and “Fx” for family members.
bM: identifies male.
cF: identifies female.
dAge of provider was not given.

Interview Protocol
During the interview, clinician questions addressed the
following: (1) perceptions of bad news, (2) diagnosis process,
(3) strategies to deliver bad news, (4) common patient reactions
and their coping strategies, and (5) perspectives on empathic
care. We modified the interview questions for patient and family
participants and asked the following: (1) the moment they heard
the bad news and how it was communicated, (2) thoughts and
reactions in receiving the news, (3) ways to manage and reduce
distress, (4) the role of family members, and (5) memorable
encounters with clinicians, either good or bad. All interviewees
were encouraged to walk us through a specific case. Of the 23
interviews, 8 were conducted in person and the rest via phone.
Interviews lasted from 30 min up to 2 hours.

Analysis
We audio recorded and transcribed all interviews to aid with
analysis. We employed cross-case analysis of the transcripts
using a thematic analysis approach [58]. During the
interpretation phase, 2 researchers independently read through
the transcripts and identified themes. The researchers then
vetted, defined, and merged the themes into 1 code set. Using
the preliminary code set, the 2 researchers independently coded
the transcripts using Text Analysis Markup System [59].
Overall, 2 researchers exchanged the coded transcripts and
reviewed the other’s codes. The research team met regularly to
discuss new themes and refine preexisting categories in the code
set, thereby iterating on the codebook. The final, high-level
categories of the analysis were characteristics of bad health
news, strategies that clinicians use to express empathy
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(understanding and communicating), patients’ experiences and
reactions in receiving bad news, patients’ perspectives on poor
communications of bad health news, and information and
emotional support for patients and family members. We then
used the analysis of the interviews combined with our review
of clinical guidelines to develop our design guidelines for
interactive technologies.

Results

Characteristics of Bad News
Bad news in the context of medical situations is defined as “any
information which adversely and seriously affects an
individual’s view of his or her future” [60]. Bad news is in the
“eye of the beholder,” such that different people receive it
differently depending on their life experience, personality,
spiritual belief, philosophical standpoint, perceived social
support, and emotional hardiness [57]. Clinician participants
defined bad news as patients having a very serious illness,
disease with poor prognosis [C6], or problem associated with
the illness (eg , suddenly becoming blind from diabetes) [C5].
How people perceive bad news is context dependent. For
example, bad news could be perceived as more tragic in young
patients [C5], such an unexpected health condition affecting an
infant, as opposed to the same condition affecting an older adult
who already experienced related conditions. Moreover, not all
bad news is perceived as tragic; if a disease is treatable or easy
to manage, bad news could be heard as good news. P5 described
as follows:

I had only thyroid cancer, not the lymphoma, which
is very good news. [P5]

Some participants [P4 and F4] even felt a sense of relief when
they finally got a concrete diagnosis of a disease. On the other
hand, a clinician being uncertain of what the patient has evokes
anger and frustration on the patient’s side. For example, P8 had
a muscle disease, but her doctor did not know what type of
muscle disease she had, even after many laboratory tests. This
situation was frustrating for P8 as she did not know how to tell
other people what medical condition she had or with which
support group she could connect. However, a clinician
participant had a different view. According to C9, not having
a concrete diagnosis could turn out to be good news after all:

There are a lot of times when the diagnosis isn’t sure,
and that usually has a better prognosis. If I had a
weird symptom, I’d prefer not knowing what it is,
because chances are, it’s not that bad in terms of
statistics. It’s counterintuitive, I agree. It’s not the
way we think, usually. But that’s only because I know
we’ve done the right tests...ruled out the bad things.
Chances are, it’s getting better. [C9]

As such, how people perceive bad news is different for every
person. Clinicians describe “bad news” in the objective sense
on the basis of the severity and prognosis of the disease. On the
other hand, patients and family members respond to bad news
rather subjectively depending on many factors—such as past
experience, expectation, personality, and religion.

Clinical Empathy and Empathic Communication

Definition of Empathy and Characteristics of Empathic
Communication
The clinicians’ empathic communication skill was particularly
important in delivering bad news for both clinicians themselves
(eg, a decreased risk of litigation) and patients (eg, lessening
the distress). Clinicians in this study described empathy, in
many ways, such as how C3 described it:

Understanding how you would feel if you were in the
same situation as somebody that is going through an
illness. [C3]

C6 described it as:

Humanizing the diagnosis and the procedure [C6]

C4 described it as:

Treating people like human beings rather than
treating people like an illness. [C4]

Finally, C3 described it as the following:

A clinicians’ empathic communication skill is “more
like an art than a science". [C3]

A clinician’s empathic communication skill requires the ability
to create a connection with people that is beyond just clinical
information. When we asked clinician participants if being
empathic to patients can be learned, many agreed that empathic
communication is indeed a learnable skill.

Experienced clinicians are well aware of the intrinsic value of
empathic communication—the recursive process of
understanding and communicating with patients—which is
different from the step-by-step process that the SPIKES protocol
suggests [14]. Empathy is hardly ever communicated without
the clinician’s understanding and acknowledgment of the
patient’s context. For example, the clinician might need to know
the patient’s feelings, level of understanding of the disease and
options, work situation, and home life. Furthermore, the
clinician’s understanding of a patient’s situation and emotional
state means little unless the clinician is able to skillfully
communicate that understanding. Understanding and
communicating happen simultaneously as clinicians consciously
and continuously reassess the patient’s situation. Confirming
the guidelines, clinician participants said they modify their
method of delivering unexpected news on the basis of the
patient’s feedback and life story. However, C8 stated that
modifying the method of delivery is often hard to achieve in
the intensive care unit where patients rely on a ventilator and
other supporting devices and often cannot communicate directly
with clinicians.

Strategies to Understand Patients’ Context
We identified that empathic clinicians make an effort to
understand patients’ context before and during the patients’
visit.

Preparing for the Patients’ Visit

Before meeting with patients, clinician participants reported a
need to remind themselves of the patient’s situation by checking
the patient’s chart, reviewing information, and looking for
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certain characteristics (eg, the disease, laboratory results, records
of previous procedures, or other key events). Patients’
occupation or cultural background was additional information
that helped clinician participants adjust their way of speaking
to accommodate patients’ medical understanding.

Anticipating Patients’ Feelings Through Careful
Observation

In preparing to deliver unexpected and life-changing news to
patients, clinician participants reported not only anticipating
the patients’ level of medical understanding but also
acknowledging patients’ feelings. The 5 stages of grief model
(denial, anger, bargaining, depression, and acceptance) by
Kubler-Ross [61] was often referenced during the interviews
with clinician participants when they explained the importance
of knowing where patients are in their feelings. Knowing where
patients are in this model by looking into patients’ eyes helped
clinician participants assess patients’ feelings and gauge what
information to reveal when. C5 and C6 described as follows:

You have to watch them, and watch their faces. You
have to try at least to read and get a feel for where
they are with the conversation, is the first step. [C5]

Another clinician said the following:

So I try to tell them as much as I can...but I gauge it
on the family and the parents, and I try to watch them
and look at how much I'm giving them and how they're
reacting because it can be...it's very overwhelming.
[C6]

The clinicians we interviewed stated that knowing where
patients are at emotionally helps them work around the state of
shock and anxiety that often prevents patients from fully
absorbing critical information. When clinicians perceive that
patients are emotionally charged, clinicians might step back
and wait for a better time to reveal certain information, invite
patients to call with questions, or suggest that peers and family
be present to help ask questions or make sense of the
information. In this sense, the clinicians’ ability to empathize
with patients is what helps the clinicians aid patients in
assimilating troubling information.

After achieving an understanding of patients’ context through
pre visit preparation and anticipation of patient’s emotional
state through careful observation during a consultation,
clinicians should be able to skillfully communicate that
understanding. In what follows, we describe the strategies
clinicians use to communicate with patients, which are the other
important part of empathic dialogue.

Strategies to Communicate With Patients
Communicating empathy refers to clinicians’ acknowledgment
of patients’ feelings. Clinician participants described several
communication techniques they use to convey empathy while
presenting information directly and simply, which aligned well
with the clinical guidelines we analyzed.

Building a Partnership of Trust With the Patient

Clinician participants reported they commonly use their opening
statement to reinforce a partnership. Clinicians want patients
to trust in the quality of their care. Trust between patient and

clinician alleviates patient fear, which could smooth the
decision-making process that must occur around every new
piece of clinical health information. To build a partnership of
trust with patients, several clinician participants mentioned
using language that reinforces an “us” relationship rather than
a clinician versus patient hierarchy. The following examples
show how clinicians reinforce a partnership, as stated by C1:

All of us are advocates for the baby and you. [C1]

And as reported by C2:

I'm glad you came. Let's look at that report. Let's look
at it together. [C2]

And finally, by C5:

I'm gonna have to tell you something that's difficult
and I'll give you all the details so that you understand
it. I want you to know that we'll work with you to make
sure you really fully understand it. [C5]

Acknowledging Physical and Emotional Discomfort

Another way to communicate empathy is to address the patients’
feelings directly. Clinician participants reported using comments
such as the following provided by C2:

It must be hard to encounter something that may seem
so serious...I am sorry you are in pain. I hope we can
work to make you to feel more comfortable. [C2]

And the following by C5:

I could imagine how frightening this is to you. [C5]

However, 1 clinician participant expressed the difficulty of
having to maintain a certain distance from patients but wanting
to empathize with their feelings at the same time:

It can be very tough if you become emotionally
involved with the patient. For me personally, I try not
to get completely tied in with them, but at the same
time, I don’t want to not be saddened by telling a
parent that their child is going to or has died. If I ever
get to a point when I have a conversation with a
family delivering them news of a prognosis and it
doesn’t affect me, that would worry me that I’m too
disconnected. [C6]

Others observed how even in situations where a clinician could
not save a patient’s life, the clinician’s empathic
acknowledgment of the difficult situation made family members
feel that they were being treated as human beings.

As I remember, hearing her deliver those news in
such a loving, caring, compassionate way...“I care
for you, I’m saying something that is very hard, I will
be with you, there’s nothing we can do really to avoid
the ultimate result, but we will work together to make
it the best for you that we can.” And she was true to
her words. She was there all the time. And we could
thank her for having been there with us for 2 years.
[P5]

Although P5’s wife passed away, P5 was grateful to the wife’s
clinician for the empathic approach to providing patient care.
As such, a clinician’s acknowledgment of patients’ and family
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members’ emotional feelings helps them deal with bad news
and go through tough times.

Setting up a Scene Where Patients Can Process Information

Creating a space for empathic dialogue between clinicians and
patients requires that patients be in a comfortable and private
environment where they can process the information being
conveyed. A clinician participant [C9] described how she
prepares to communicate bad news to an inpatient. After she
makes sure that the patient is in a private environment, she does
the following:

There’s usually a short social phase, where you talk
to the person about how they stay at the hospital...you
find something to make everyone feels at ease, you
make sure whether they are sitting comfortably...you
sort of unconsciously check that there’s tissue
somewhere in the room if it’s really bad that you are
gonna be announcing. Um...there’s usually tissue in
your pocket or something...you know, that might be
an issue...having to get up to go find tissue is not as
nice afterwards. So as much as you can plan before,
but that’s just a small thing that you just learn with
time. That’s not in the textbook. [C9]

According to our participants, the actual diagnosis is the most
important piece of information for patients. The same
information could be delivered in various ways—from people
in different positions using different means of communication,
and those ways affect the conveyed empathy. One patient
participant received an unexpected phone call from a nurse
saying the following:

Hi, we just wanted to let you know that the biopsy
came back and it is a cancer. [P4]

Others were informed by an experienced clinician who carefully
revealed the diagnosis along with descriptions of the condition.
The clinician then opened a dialogue wherein the patient and
clinician could discuss treatment options, prognoses with and
without treatment as well as what the patient could expect to
go through with surgical procedures, side effects, expectations
for healing, and lifestyle changes. The clinician’s goal in
creating a time and space for empathic dialogue is to ensure
that a patient fully understands his or her condition to make
informed decisions without becoming overwhelmed in the
clinical details.

Building Resilience and Giving Hope

The experienced clinicians described the importance of
developing the patient’s emotional strength as that is what makes
patients endure painful or chronic conditions; a clinician stated
the following:

...the will to fight [C1]

Even though it is discomforting for clinicians to tell patients
the following:

This is what you will die from [P5]

All clinicians we interviewed stated the importance of being
honest, clear, and straightforward when delivering diagnoses.
What is more important yet difficult is to obtain the balance
between being honest about a poor prognosis and giving hope

at the same time. Giving hope is different from giving false
hope, which several participants also referred to as
“sugarcoating.” Sugarcoating is telling patients glossy stories
and assuring them that everything will be fine when in fact the
patient is in failing health. All clinician participants asserted
that sugarcoating is harmful for patients, and it only protects
clinicians who want to avoid dealing with the patient’s emotions.
However, giving hope helps in a situation when patients have
to develop both the physical and emotional strength and
resilience to endure a difficult situation. The gynecologist we
interviewed told a story in which he encouraged a cancer
survivor to consider undergoing a high-risk surgical procedure
that would dramatically alter her physically but would also
extend her life. He stated the following:

I looked at this woman—tremendous will, tremendous
spirit—I brought her back and said, “There’s
something that can be done. It’s a very radical
surgery, and not many survive it. But those who do,
they do well. So I need you to consider this. It means
having an operation to remove ovary, bladder,
vagina...all of them will be cleaned out...you will be
sick, you will be in hospital for many days...but you
may live. I think that you are tough and you can make
yourself come through this. Are you up to this
challenge? I think you can do it. I think you have it
in you.” In turn, this patient needed one more chance
of hope. So she got operated, and she survived. [C2]

The quote above illustrates not only the clinician’s confidence
in the patient’s capacity to endure a radical procedure on the
basis of his previous knowledge of the patient’s life story and
medical history but also the level of trust in the clinician-patient
relationship that allowed him to speak with honesty and candor
about the surgical outcome. Clinicians’ knowledge about their
patient’s life story and their ability to communicate with such
candor and trust helps patients build resilience and hope, which
are indicative of empathic dialogue.

Matching the Level of Information to the Patients’ Level of
Understanding

The experienced clinicians we interviewed present complex
information in plain language to do the following:

...make the person in charge of their situation. [C2]

In addition, to give patients the following:

...good information so they can make good judgments
about their lives. [C1]

When explaining data, clinicians break difficult concepts into
down-to-earth terms and use visual aids such as drawings,
graphs, pictures, and x-rays. Another strategy the clinicians
used was to tailor their language to the patient’s life experience.
For example, 1 clinician described speaking in probabilistic
terms with patients who, as engineers, appreciated the
mathematical explanation.

Communicating Face-to-Face, if Possible, and Using
Nonverbal Means

All clinician participants explained the importance of
face-to-face communication and being mindful of nonverbal
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communication during consultation. They preferred face-to-face
communication with patients in a quiet, private space where
they could maintain eye contact and, if needed, sit beside
patients to look at data together. Some clinicians said they do
not allow sensitive information to be delivered over the phone
or by staff members who do not know how to communicate
empathically. C10, who worked at an HIV clinic, also mentioned
that it was the clinic’s policy to never give news over the phone
regardless of the test outcome. Observing the patient’s (or
client’s) body language and facial expression allows clinicians
to tailor the way they give a message to individual patients.

However, face-to-face communication is not always possible
if a time-critical test result comes back outside office hours or
between the scheduled appointments. In addition, time
constraints often limit the face time during appointments.
Indeed, a few of our patient participants received their diagnosis
over the phone, and some of them were grateful for their
clinician’s attempt to reach them as soon as possible when the
information was urgent. A patient stated the following:

What I still appreciate about my doctor at that point
is that she called me. She actually called me while I
was at work. And she called and asked if I was alone.
“(Name of P8), I have some news for you that the test
showed that you have a uterine cancer.” I appreciated
her honesty, and that she called me. (...) She asked
me if I was alone, and there was a part or piece in
that she knew me well because I would not have
wanted to get that information while other people
were in the office and I wanted to focus on talking to
her on the phone. [P8]

In addition to this list of strategies we discussed, clinician
participants also emphasized the importance of active listening,
being responsive, and spending enough time with the patient.
In practice, not all clinicians can employ these strategies when
they communicate with patients because of time and resource
constraints, which is where empathically designed technology
might be able to help fill the gap. We next turn to patients’
perspectives on what helps and does not help when they receive
bad news.

Patients’ Experience of Receiving Bad News

Patients’ Reactions to Bad News
When people receive a diagnosis of a severe or chronic disease,
either of their own, or of their family member’s, their life
changes in many ways. A patient might move to a bigger city
for better care, whereas a family member might move closer to
support the patient. We begin with describing a scenario of a
patient who is about to learn her diagnosis. We reconstructed
the scenario on the basis of P4’s experience:

A doctor walks into a room, and he is about to tell a
working mother of 2 that she has Parkinson’s disease.
The patient has been having trouble with small motor
operations, such as unlocking a door with a key. She
underwent MRI and CAT scans during a previous
visit. She is waiting for the result, not knowing what
the radiologist was looking for. She has been enduring
a low-grade fear: fear of telling her coworkers and

daughters, fear of losing her job because she is a
construction inspector and her job requires driving,
and fear that if she loses her job, she will also lose
her health insurance coverage. [Reconstructed on the
basis of P4’s experience]

As portrayed in the above scenario, patient participants
expressed various kinds of fears that they experienced while
waiting for a concrete diagnosis of a serious disease, including
fear of losing their job, losing health insurance, having to rely
on others, taking regular shots, and having to use a cane,
pacemaker, or feeding tube early in life. Some patient
participants also experienced fear of pain, death, progression
of illness, and of situations such as being chased and not being
able to escape because of their condition.

Although some patients described feeling shocked at receiving
an unexpected diagnosis, others, because of their perspectives
from previous challenging life experiences, did the following:

...took it all in a stride [P3]

Moreover, patients who visited multiple clinicians expressed
relief at finally receiving a diagnosis that was true to their
symptoms and in knowing how to manage an illness or knowing
the next steps to take. For example, it took 2 years for P1 to get
a concrete diagnosis of Parkinson’s disease. When she finally
heard that she had Parkinson’s disease (after seeing 10
clinicians), her first reaction was a great sense of relief.

Patients also expressed feeling suddenly different.
Accompanying reactions include being angry with their bodies
for not working and hiding their condition and emotions from
coworkers, family, and friends. P2 described the following:

I try not to show that I’m in pain, and I try not to show
that I’m not feeling good because it’s just...I think it
makes people feel bad to be around somebody that’s
just not feeling good. [P2]

In the United States, finances and the cost of care are key factors
in selecting a course of treatment, especially when care is costly
(eg, intensive care unit) or when procedures are not covered by
insurance. Patients and family members are cautious about
revealing information about health conditions in the workplace,
because if they lose their jobs, they may also lose subsidized
health insurance. Both patients and family members are sensitive
about with whom they share the bad news. F1, a partner of P3,
was an executive director of an organization. She explained
why she did not want to tell her colleagues about the partner’s
health situation after receiving bad news. She described it as
follows:

...because of my role as executive director, every time
that [Name of P3] was going through chemo, you
know, I didn’t want to tell my board of directors
because I thought that they would think that that
would impact my performance, and it was just
something that I did not want to share....I didn’t want
to be seen as an absent executive director. [F1]

Some patients and family members face workplace
discrimination because of frequent absences and perceptions of
lagging performance. Some patients can no longer work and
must go on disability leave, which means adopting a new role
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that is different from being an employee. If patients have a
severe condition, they might have to rely on others to help with
shopping or driving. They might lose the freedom to walk
around by themselves. When patients cannot care for
themselves, they stay in a hospital. F1 eventually shared the
bad news with her colleagues, and she later even called all of
P3’s friends to let them know of P3’s cancer and diabetes and
asked for their support. However, the initial fear and emotional
fall-out that patients and family members experience at the very
beginning stage of care prevent them from actively asking for
and receiving the support in a timely manner.

Patients’ Perspectives on Poor Communication of Bad
News
Patients and family participants had varying degrees of
experience—in good ways and bad—in receiving bad news
from clinicians. The bad experiences, in particular, were so
hurtful and thus memorable that patients were able to articulate
how they had felt when receiving bad news, although many
years had passed since then.

Patient participants were irritated when the clinician was
insensitive to their experiences and treated them like “just a
number.” Patient participants eventually became angry when
the clinician did not listen or asserted his/her opinion over the
patients’ experience. Patient participants also expressed
frustration with clinicians when the clinician did not offer
sufficient opportunity to ask questions, did not answer questions,
or did not adequately explain procedures, as P3 described the
following:

He [doctor] definitely didn’t make some things very
clear, like you know, I was kind of scared to ask him
why...why aren’t you giving me these tests, why
wouldn’t you give me these tests if I’d had the money.
[P3]

Patient participants reported that “bad doctors” are “cold,”
“pompous,” and “callous” clinicians who are perceived to avoid
dealing with patients or put the responsibility for communicating
with patients on somebody else, disregard patients by treating
them as subordinates, and prioritize clinicians’ own interests
over patients’ needs. Patient participants were especially
frustrated when clinicians did not spend enough time with them.
P2 and P5 shared one of their experiences of receiving bad news
from “bad doctors.” P2 said the following:

“I don’t have time right now,” she [the doctor] said,
“talk to one of the nurses. They can answer your
questions. I’m too busy...” [P2]

P5 stated the following:

The very first interaction learning about it [cancer]
was this very ridiculous setting which he [the doctor]
was standing by the door, just to ready to leave, and
saying “Oh...by the way I forgot to say, you have a
cancer.” I could kill him. [P5]

Poor communication of bad news left patients with more
questions than answers and caused patients to withdraw and
assume the issues were internal and somehow their fault. Some
patient participants experienced depressive symptoms such as

denial, withdrawal, and suicidal ideation. All patient participants
that we interviewed, at some point in their lives, encountered
clinicians who did not have a good bedside manner or empathic
communication skills. When patients felt their clinician is not
on their side, they sought second opinions or eventually switched
clinicians. Patients also turned to other sources of comfort and
built lifelong relationships with those having similar conditions,
which is what we will discuss in the following section.

Patients and Family Members Seeking Emotional and
Informational Support
After receiving a diagnosis, patients and family members sought
emotional and informational support to cope with their medical
condition and distress. At the time of diagnosis, it was hard for
the patients and family members to know what questions to ask
clinicians. In addition, clinicians often did not provide enough
information, or even if they did, patients and family members
are overwhelmed by the amount and content of the information,
and they have a hard time assimilating it. However, as time
went on, patients and family members became researchers and
sought information from other sources—such as books and the
internet—besides their clinicians. A patient stated the following:

And so I study a lot. I go to the library, and just look
at research magazines and books that are anything
related to diabetes and complications and anything
like that. I get most of [it] from the internet. [P2]

Another said the following:

So I’m thinking, how can I assist? I went out and,
well, they’re delivering, Amazon.com, I ordered
Diabetes for Dummies, and I did go with her to the
meeting with the nurse and dietician... [F1]

Local support groups were also a great source of information.
Patients initially learned about support groups from clinicians,
hospital waiting room materials, and associations’ websites. In
the support group meetings, people shared an enormous amount
of information that could only be learned from experienced
patients who “have been diagnosed with this.” Patients talked
about clinicians, procedures, drugs, and complications and
obtaining information that clinicians do not give or cannot
answer. Patients meet other patients from similar age groups,
share their experiences, and make lifelong friendships. Patient
participants described organizing special events such as
children’s workshops, fundraising events, summer camps, galas,
and dancing.

However, not all patient participants saw support groups so
positively. A patient stated the following:

I went to the support group, but I was in denial. I
mean I wasn’t accepting the fact that I was having
this [Parkinson’s Disease], and I wasn’t telling
anybody, and I went to a support group meeting.
There were way too many people, way too
overwhelming. And I didn’t like seeing the various
stages of people with Parkinson’s. So I didn’t go back
until October of last year... [P4]

As P4 mentioned, being able to project how his/her health will
deteriorate by observing other member’s conditions or being
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notified that a group member had deceased could make patients
and family members feel depressed, uncomfortable, and prevent
them from actively participating in the local patient support
group.

Online health communities such as online discussion forums,
live chat rooms, mailing lists, and newsgroups were also popular
sources of providing emotional support and health information,
which confirms existing literature [62]. However, these online
health communities and online support groups imposed similar
problems to local support groups in that being notified of others’
bad health conditions and their dramatic reactions could make
the patient and the family member feel uncomfortable. F4 was
a mother of a 4-year-old child with pediatric type 1 diabetes.
She became an expert caregiver of her son, but she felt that
online patient forums were not helpful for her anymore; she
stated the following:

...it is not as good for me [to go to an online patient
forum] because pretty much, all of those parents who
just found out...they are still kind of shell-shocked...So
it’s not so much as a support group. Nobody slept,
everybody is shell-shocked, and everybody is freaked
out...it’s kind of depressing. [F4]

Information does not always equal comfort. If a patient’s
diagnosis is a rare or specific one or has a grim prognosis,
information from the internet and online support groups that is
not specific to the patient’s situation might not be helpful, and
it could even be sometimes harmful. P9 was diagnosed with
Stage 4 Ewing’s Sarcoma, which is a rare type of bone cancer
with a very poor prognosis. P9 stated the following:

My doctors said, “Don’t look it up. Don’t go on
Internet...because it is so specific to each person. Just
ask us questions directly.” And they were really good
at providing me with answers. And when someone
did [looked up on the internet], I took that information
with a grain of salt, and said, “It’s probably not
specific to me.” Because my cancer was stage 4, so
it wasn’t good from the outlook from the beginning.
So the Internet was not helpful. [P9]

Regardless of these drawbacks, online health communities and
online support groups could be a critical place for patients and
family members to share personal experiences and actionable
advice to cope with day-to-day health issues [63]. However,
our findings about the depressing or improper use cases of
patient group websites call for careful design of these sites as
the information offered by other patients can only be helpful if
it is accurate and tightly relevant to the inquirer’s situation.

Discussion

Principal Findings
Clinical guidelines for communicating health results exist to
help clinicians identify strategies to help communicate bad news
to patients in a way that puts patients’ emotional needs first.
Clinician participants in this study tried to follow these
guidelines, and when they do, they are well received by patients

and their family members. Thus, there is an opportunity to apply
these strategies to the design of consumer health technologies.
Below, we list several design hypotheses, as recommended by
Hekler et al [64], for ideas for implementing better empathic
communication within technology systems that potentially
communicate bad news. We call them “hypotheses” instead of
recommendations or implications as they require additional
testing before they can be generalizable knowledge [64].

Design Hypotheses for Consumer Health Technologies
That Communicate Concerning News
We acknowledge that not every clinical guideline can be applied
in the design of health information technologies, nor do we
believe that human practices can fully be facilitated by
technology, but we believe technologies that may do this could
be better designed. In this section, we provide a series of design
hypotheses for how technologies could be designed to convey
bad news and discuss how these specific design ideas can be
applied to the design using health technology examples.

Design Hypothesis 1: Tailor the Delivery of Information
to the Patients’ Individual Preferences
Patients have different information needs and personal
preferences (eg, how they want to be contacted by a clinician,
whether they prefer participating in online/offline support
group), and clinicians can ask the patient how they would like
to receive information at the time of ordering the test (eg,
face-to-face, via a PHR) and when they would like to receive
it (eg, as soon as it’s available, after the doctor has time to
review it, etc). This aligns with the SPIKES guideline of
obtaining the patients’ invitation [14].

In terms of delivering laboratory and diagnostic test results
through a PHR system, we believe patients should have
instantaneous access to their results, without delay, if they
choose. As our patient participants stated, having a concrete
diagnosis brings patients a sense of relief even though the
diagnosis may be a serious disease such as Parkinson’s disease
or pediatric diabetes. However, an information buffer could be
placed in the system, which gives people the option to wait until
a medical professional can help them accurately interpret the
results with an explanation of terms (eg, the meaning of the
medical terms, screening, sensitivity, and specificity) in the
context of their specific health situation. For those who want
to receive information verbally from a clinician, the system
could send a note to the patient when the results are available
and have the patient schedule a phone call or a visit. It should
not be the intention to hide the information but to suggest a
compassionate way of delivering a piece of potentially
concerning health news by providing it at the right time.
Moreover, patients need options to decide how and when they
want to receive the news. A system could also provide a secure
means (eg, email, voice mail) for patients to contact the clinician
if they have any questions or concerns about the results and
inform when the clinician will reach out to the patient. In
addition, technologies could provide additional information
from a trusted source where patients can begin to conduct their
own research.
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Figure 1. 23andMe, a popular genetic testing site, adheres to several guidelines for empathic communication of potential bad news. Upper panel: the
site confirms with users that they are ready to see their health results. Lower panel: 23andMe gives options for speaking with medical professionals for
further information.

Health Technology Example

23andMe [65], a service for genetic testing, has on their website
a method for delivering sensitive genetic information about
increased risk of Alzheimer’s and Parkinson’s disease that aligns
with this recommendation (see Figure 1, upper panel) by asking
users to confirm if they would like to receive their results or
not, and it explains the risks before showing the results. They
also offer information on how to talk with a genetic counselor
to get more information on interpreting the results (see Figure
1, lower panel).

Design Hypothesis 2: Support Interfaces for Tailoring
Toward Patients’ Context
In this study, clinicians’ understanding of context such as
patients’ feelings was an important part of empathic dialogue.
Health information technologies could be designed as learning
and prompting tools for clinicians to better understand patients.
It was emphasized in many guidelines that it is essential for
clinicians to gauge a patient’s level of understanding and
emotional state during the consultation before communicating
bad news. The clinicians we interviewed mentioned they were
already taking notes about patients’ backgrounds and unique
characteristics during medical consultations and read these notes

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e8885 | p.84http://humanfactors.jmir.org/2019/2/e8885/
(page number not for citation purposes)

Choe et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


right before the next visit. In addition, patient participants
appreciated clinicians who took the time to listen to their stories
and family background, which often is not necessarily reflected
in the medical chart. Therefore, it could be possible to have
patients add their own notes about their emotion and their
background to a specific section in their medical records through
a PHR. Patients could complete an electronic form where they
can detail their background (eg, family history, emotional state,
and preference of receiving news) in advance of the visit or
while they are waiting. Future designs could tailor this over
time as a patient adapts and changes preferences. This would
also allow clinicians to be mindful of the patient’s emotional
state or whether to invite close family members to the
consultation, and it would provide an opportunity for more
automated generation of tailoring news to participants’
preferences that happen remotely.

Health Technology Example

The field of health communication has been successful in
computer-based tailoring of messages in domains such as
smoking cessation [66,67], weight loss [68], and mammography
screening [24] on the basis of aspects such as cultural
background, gender, stage of change, marital status, whether
they have children, and their social support [24,66]. As a specific
example, Stretcher et al [66] found that a simple smoking
cessation website tailored on the basis of baseline questionnaires
participants completed at the beginning of the study was more
successful than generic messages. Similarly, tailoring messaging
in PHRs on the basis of user preferences and context could be
used to deliver potentially bad health information in a more
empathic manner by meeting patients where they are and only
sharing news they are ready to hear in a manner with which
they are comfortable.

Design Hypothesis 3: Mitigate Emotional Stress From
Self-Monitoring Data
Several empathic clinicians in our study attempted to build a
partnership of trust with patients and acknowledge patients’
physical and emotional discomfort. However, when people
receive personal health information from commercial
self-monitoring tools, they do not have a counterpart of a care
provider who can provide emotional and informational support.
While using self-monitoring tools, people might feel distressed
when they find they have not met their weekly goals or when
they feel what they have been experiencing is abnormal. Take
an example of a patient who is experiencing severe pain after
surgery and is monitoring his pain level. Feedback from a pain
tracking system could convey information about what is normal
in plain language (eg, “80% of people experience severe pain
after this surgery”) with an aim to lower the patient’s distress.
Interfaces could also use language that reinforces an “us”
relationship similar to what our clinician participants stated.
For example, when a glucometer presents a higher than normal
blood glucose reading, the interface could say, “A single high
blood sugar reading usually isn’t a cause for alarm, but let’s
check a few things together,” and guide the patient through
possible reasons—medication, food, and exercise.

Health Technology Example

On the developmental screening results page for Baby Steps
[69,70], we use language that acknowledges that it is normal to
feel anxious about how your child is doing developmentally
and provide some sense of what is normal, which might cause
potential for worry but is not actually worrisome (eg, variation
across categories, small plateaus, not answering “yes” to all
screening questions). We also use “we” language to emphasize
a partnership in tracking children’s progress and working
together to accomplish the task of monitoring children’s
development. For example, language describing how to interpret
the visualization of the results states, “Rohan could use some
encouragement in this area. Let’s find some developmental
activities to try with him.” We also tested early screen mockups
of different visualizations of the results for developmental
screening with parents in a Web-based survey. The resulting
visualization that received a high level of understanding of the
results and also reduced anxiety was a more abstract visual
metaphor to communicate the child’s developmental progress
where different sizes of trees represent the child’s growth (see
Figure 2). This visualization used the metaphor that children
grow at different rates, and a lower score on a developmental
screen may just mean that their child has not yet had the
opportunity to grow in a given area. Currently, as there is no
evidence on the fact that hitting milestones earlier has an impact
later in life [71,72], we chose to only communicate results if a
screen indicated children were at risk of developmental delay
and needed further evaluation or needed to be encouraged with
developmental activities rather than showing exact percentiles.

Design Hypothesis 4: Help Identify Clear, Actionable
Steps Patients Can Take Next
Some patients in this study reported feeling helpless when they
received bad health news that was communicated poorly and
that they expressed a desire for things they could do to feel less
helpless. Moreover, 1 way to accomplish this would be to help
patients by giving them clear, actionable steps they can take
after receiving a diagnosis. This could be as simple as giving
them trusted information they can read more about, suggestions
for contacting a close family member or counselor and
instructions for what to say to get support, or actions they can
do to start treatment, such as scheduling an appointment with
a clinician.

Health Technology Examples

Overall, 2 of the previous technologies we described have good
examples of this design recommendation in practice. For
23andMe [65], patients are given the option to talk with a
genetic counselor directly through the site on the basis of the
results of a genetic screen (Figure 1, lower panel). With Baby
Steps (Figure 2, bottom), we couple results from a
developmental screen with information for the parents
immediately on the screen where they see the result. If the result
that the child is close to the cut off for having a developmental
delay, Baby Steps links parents to a list of activities they can
do with their child that encourage development, which they can
check off as they complete them. If the result is that they need
an evaluation beyond self-monitoring, parents are linked to free
services they can contact, which will help them to conduct a
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more formal evaluation, and they are given the number to a
toll-free parent help hotline they can use to talk to someone

immediately.

Figure 2. Interface for conveying the results from a developmental screen in the Baby Steps Web portal. The different sized trees represent where a
child is at developmentally for a given category. Immediately below the trees is an interpretation that uses team-based language, acknowledges the
potential for anxiety, and indicates that variation is normal development.

Conclusions
The objective of our research was to uncover insights for the
design of health technologies that potentially convey concerning
news. We accomplished this goal by (1) examining established
guidelines for clinicians on communicating bad news related
to health, (2) conducting interviews with patients, patients’
family members, and clinicians on their experience of delivering
and receiving a diagnosis of a serious disease, and (3) rethinking

the design of health information technologies—EMRs, PHRs,
and self-monitoring tools—to support clinician-patient empathic
dialogue and reduce the discomfort of patients when they receive
bad news. We have addressed how the human element is
conveyed during medical practice, especially when
communicating diagnoses of severe or chronic diseases. We
also identified how clinicians develop their own strategies to
understand patients and communicate with them, and we
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investigated patients’ internal turmoil and emotional distress
when receiving bad news and emotional and informational
support that patients and family members seek elsewhere. We
tied our findings to 4 design hypotheses for health technologies
aimed to facilitate better self-managed care and promote the
expression of empathy in the clinical setting, and we
demonstrated their application in different health technology
designs. We believe that future work might be to explore these
design hypotheses and validate both positive and negative
technology examples empirically with potential users as well
as explore how strategies for empathic communication might
evolve over time.

Empathic communication should be considered a core value in
the design of health technologies [73], and a more empathic
approach to design is needed [74]. Patients’ needs and their
situations are different and a “one-size-fits-all approach” does
not work. However, health information technology has a great
potential to support and reinforce the empathic relationship of
a clinician and patient. Our approach of investigating the
best-case practices of empathic communication is the first step
to bringing “empathy” into the designs of empathic health
information technologies.
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Abstract

Background: The use of telehealth to monitor patients from home is on the rise. Telehealth technology is evaluated in a clinical
trial with measures of health outcomes and cost-effectiveness. However, what happens between a technology and the patients is
not investigated during a clinical trial—the telehealth technology remains as a “black box.” Meanwhile, three decades of research
in the discipline of human-computer interaction (HCI) presents design, implementation, and evaluation of technologies with a
primary emphasis on users. HCI research has exposed the importance of user experience (UX) as an essential part of technology
development and evaluation.

Objective: This research investigates the UX of patients with type 2 diabetes mellitus (T2D) with a telehealth in-home monitoring
device to manage T2D from home. We investigate how the UX during a clinical trial can be researched and what a clinical trial
can learn from HCI research.

Methods: We adopted an ethnographic philosophy and conducted a contextual inquiry due to time limitations followed by
semistructured interviews of 9 T2D patients. We defined the method as Clinical User-experience Evaluation (CUE). The patients
were enrolled in a telehealth clinical trial of T2D; however, this research was an independent study conducted by information
technologists and health researchers for a user-centered evaluation of telehealth.

Results: Key analytical findings were that patients valued the benefits of in-home monitoring, but the current device did not
possess all functionalities that patients wanted. The results include patients’ experiences and emotions while using the device,
patients’ perceived benefits of the device, and how patients domesticated the device. Further analysis showed the influence of
the device on patients’ awareness, family involvement, and design implications for telehealth for T2D.

Conclusions: HCI could complement telehealth clinical trials and uncover knowledge about T2D patients’ UX and future design
implications. Through HCI we can look into the “black box” phenomenon of clinical trials and create patient-centered telehealth
solutions.

(JMIR Hum Factors 2019;6(2):e9481)   doi:10.2196/humanfactors.9481
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clinical user-experience evaluation; telehealth; type 2 diabetes; user experience; human-computer interaction; patient-centered;
patient-technology interaction; eHealth
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Introduction

Background
Type 2 diabetes mellitus (T2D) is currently one of the world’s
fastest-growing diseases; the prevalence of T2D rose from 171
million persons affected in 2000 to 415 million in 2015
worldwide [1]. The total annual global health expenditure for
diabetes in 2015 was US $673 billion. The cost accounted for
12% of the world’s total health expenditure [1].

Treatments for T2D involve diet control, exercise, home blood
glucose testing, and, in some cases, oral medication with or
without insulin [2]. Effective individualized treatments may
also incorporate psychosocial, lifestyle, and other medical
interventions [3].

Technology-mediated treatments, such as telehealth, eHealth,
mHealth to monitor patients from their homes, are on the
increase with chronic diseases such as T2D. Telehealth is the
use of information and communication technology (ICT) to
provide clinical treatments over distances [4]. A common
telehealth treatment for T2D is for patients to send regular blood
glucose data to nurses or health care providers via phone, tablet,
computer, Web-based system, videoconference, phone call, or
short message service (SMS) text [5,6]. A nurse or health care
provider is involved in T2D telehealth treatments continuously,
while the technology intervention remains as a means of
transferring data (eg, blood glucose, blood pressure) and
facilitates the communication between patients and nurses for
better management of T2D [5,6].

During evaluation through randomized clinical trials, telehealth
technology is represented as a “black box.” Systematic reviews
have shown that clinical trials assess “what went in” (eg,
baseline measures) and “what came out” (eg, postintervention
measures). “What happens inside the interventions” (eg, how
patients felt about using the device and the development of the
interventions not achieving a match between technology and
context) is rarely a focus of attention in clinical trials [7,8]. For
example, in a clinical trial of T2D, the long-term blood glucose
HbA1c of patients at baseline is compared against HbA1c at
the end of the trial. Improvements in HbA1c, along with
additional health parameters, are data that the clinical researchers

use to conclude whether a telehealth technology for T2D was
effective or not.

Clinical trials do not investigate the relationship between the
technology and effects of the use on patients as technology
users, how patients interact with these technologies, or how
patients feel when using these technologies [5,8]. However, the
discipline of human-computer interaction (HCI) tends to be
highly divergent in the choice of methods and approaches to
understand humans and their interactions. A common practice
in HCI is to understand user experience (UX) to design and
develop a human-centered technology. UX refers to how a
product behaves and is used by people in the real world [9].

We were interested in solving the “black box” phenomenon of
a telehealth T2D clinical trial. We looked at six common
methods (Table 1) of HCI to explore if we could use one or
more of them during clinical trials to understand the UX of
patients with T2D with telehealth.

Upon investigation of the six methods in Table 1, we concluded
that there was no possibility to conduct a codesign, participatory
design, lead user approach, or empathic design because these
methods are conducted to create new solutions along with
stakeholders. In a clinical trial, a device already in use is selected
already by doctors, nurses, and stakeholders. Next, the
effectiveness of the device is evaluated, and user-centered design
methods are not practiced in a clinical trial. Therefore, we were
only left with two options: applied ethnography and contextual
design inspired by ethnography.

We adopted an ethnographic philosophy for this study to
understand how the situation is in a clinical trial by moving the
researchers into the users’ environment. Due to time and
resource restrictions, we deduced to conduct a contextual inquiry
and observations, followed by a semistructured interview, and
finally another follow-up via survey. This HCI-inspired research
method was named Clinical User-experience Evaluation (CUE)
[6]. We wanted to conduct an independent study from an HCI
perspective; therefore, we went through a process of defining
CUE and its differences from the clinical trial. This paper
presents the results of the UX of patients with T2D with
telehealth.

Table 1. The 6 dominant human-computer interaction methods.

Research orientationKey featureMethod

Researcher moves into users’ worldLong-term immersive fieldwork; observation combined with participationApplied ethnography [10]

Researcher moves into users’ worldAn ethnographic approach to finding the specific needs of users in a work
situation; provides 8 methodological steps

Contextual design [11]

Researcher moves into users’ worldDraws on information about the user and her everyday life, and includes
inspiration for design and empathy, or “a feel” for the user

Empathic design [12]

Users brought into the researcher’s worldUsers who will be using a system are given a role in the design, evaluation,
and implementation of the system

Participatory design [13]

Users brought into the researcher’s worldMay invite users and other people who do not yet know each other; design
a product for a mass market or nonwork contexts

Co-design [14]

Users brought into the researcher’s worldBrings innovative users together, as many ideas of new products or services
originate in the minds and hands of them and not from professional re-
searchers and designers

Lead user approach [15]
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Research Objective
The research objective was to investigate how to discover
patients’ UX in telehealth, eHealth, and mHealth in a clinical
trial. To pursue the research objective, we answered the
following three questions with the CUE:

1. What happens at the patient’s home during the use of the
telehealth device?

2. How do patients feel while using the telehealth device?
3. Which function(s) and designs of the device satisfies/

dissatisfies the patients?

Methods

Research Method
An investigation through meta-synthesis conducted in 2014 of
past clinical trials of telehealth T2D concluded that there is a
need for new practices that could capture the experience of users
(patients) in a clinical trial [6]. Therefore, we created the CUE.
The CUE consisted of three stages (Figure 1). Stage one was a
contextual inquiry performed in situ at a patient’s home. During
this stage, a patient used the device with the think-aloud method
as one researcher as the observer took notes. This contextual

inquiry was conducted during a patient’s regularly scheduled
time for using the device, in the patient’s home. Stage two was
a semistructured qualitative inquiry into the patients’experience
and expectations, the questions that developed during stage one,
and anything extra the patient wanted to talk about. The
interview took place directly after stage one on the same day,
while perceptions were still fresh in the mind of the user. Stage
three was an anonymous survey to follow-up with patients the
findings from the first two stages and if there were any changes
in the use of the device. This was conducted 8 months after
stage two. The researchers were ICT researchers from James
Cook University Townsville (Queensland, Australia) who had
no involvement with the clinical trial. Every participant was
enrolled at least 3 months (12 weeks) into the clinical trial to
avoid novelty effects.

During the application of the CUE, health professionals asked
us (the HCI researchers) to articulate the contribution of CUE
as opposed to a clinical trial, especially because the clinical trial
is a 300-year-old methodology [16] used in medical science.
The CUE protocol is compared to the clinical trial in Table 2
to show the differences. Because clinical trials are regulated
protocols, this table supported us to convey the information to
the team of health scientists (nurses and physicians).

Figure 1. The Clinical User-experience Evaluation (CUE) methodology.

Table 2. Differences between the Clinical User-experience Evaluation (CUE) and clinical trials.

Clinical trialCUEaReview criteria

Investigates patients’ medical condition with an intervention that
can be a drug or a technology

Investigates patients’ experience, understanding, feeling, and
usage of a technology for health care

Investigation
aims

To provide enough evidence for medical practitioners to make
sound judgments

To provide patient feedback about using the trial technologies
and a guide for future improvement of the technology, including
features that were lacking or nonexistent that would benefit the
treatment process

Outcome

Requires large sample population to provide substantial and robust
evidence

A smaller sample population similar to HCIb qualitative user
evaluation is appropriate

Sample size

Rigorous form of testing that must follow HTAc guidelines;
clinical trials often include psychosocial analysis questionnaire

Tests interaction with a device without interfering in any medical
protocols, there is no physical or psychological stress; conducted
at the regular times a patient uses the technology as part of the
overarching clinical trial

Regulations

Carried out by medical staff or caregivers who have either medical
credentials or training in health care and/or social work

Can be carried out by anyone working in the field of HCI with
simple practice and observational skills

Investigator

Larger samples of volunteers are sought who have specific med-
ical conditions

Participants come from the clinical trialRecruitment

Strong, regulated ethical process and abiding by HTA regulationsPrivacy of information is required, and the participant must pro-
vide written consent

Ethics

aCUE: Clinical User-experience Evaluation.
bHCI: human-computer interaction.
cHTA: Health Technology Assessment.
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Participants: Inclusion Criteria
The CUE was applied on a clinical trial that was conducted by
Townsville-Mackay Medicare Locals in North Queensland,
Australia [17]. A total of 210 patients were recruited in
Townsville, Mackay, and Brisbane. Participants were referred
by two nurses. The participants of the CUE were (1) enrolled
in the clinical trial, (2) belonged in the intervention group (using
the telehealth device), (3) diagnosed with T2D for at least 12
months, and (4) volunteered to participate in CUE.

Participant Details
Participation in the CUE was voluntary. A total of 12 patients
initially agreed to participate. However, three of them opted out
of the CUE study because they were not available during the
designated time frame. Nine patients participated in the CUE
study. Five of them were considered part of the aging population
with an age of at least 64 years, and four participants were within
the age range of 50 to 63 years (Table 3). Participants were
given pseudonyms that were incredibly different from the
participants’original names. In addition to the nine participants,
five family members occasionally provided feedback. Of these
five, only two family members permitted us to use their quotes.

Table 3. Participant details (N=9).

Time since diagnosed with
T2D (years)

Time in clinical trial (months)Computer use (hours/week)Age (years)SexParticipants pseudonyms

>125074FemaleUma

>1087070MaleZach

762068FemaleYanicka

>1062066MaleVince

205464MaleBill

255260FemaleHeidi

231255FemaleSerena

16253MalePete

266052MaleTed

Figure 2. The in-home monitoring device of the clinical trial: a tablet PC, sphygmomanometer, and glucometer.

Equipment
Participants used a tablet computer with an 11-inch screen, an
automatic glucometer, and an automatic sphygmomanometer
(Figure 2). The device had a touchscreen interface and was a
single-user system. A regular patient session entailed a patient
turning on the tablet and waiting to log in automatically. The
patient then looked at the scheduled blood glucose and blood
pressure test that was arranged by the nurse. The patient pricked
a finger to get a drop of blood and put it on a strip for a blood
glucose reading. The strip was then placed in the glucometer.
To get the blood pressure measurement, the patient put an arm
in the sphygmomanometer, which automatically took the
reading.

Data Analysis
Interviews and contextual inquiry sessions were audio recorded.
The recordings were transcribed, and the notes and data from
the contextual inquiry were analyzed using the contextual design
methodology (Multimedia Appendix 1). The semistructured
interviews were analyzed with thematic content analysis; NVivo
10 software was used to manage the analysis process.

Results

The results showed two themes: (1) the current design and how
that fits with the patients’needs, and (2) the patients’ experience
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of using the device depicted through their feelings and
perceptions.

Current Design: Technology-User Fit

Placement of the Device
We found that patients placed the device in different parts of
their homes (Table 4). The patients chose to place the device
in four locations: living room (n=4), bedroom (n=2), study room
(n=2), and patio (n=1). Reasons mentioned were internet or
phone socket availability (n=3), convenience (n=4), comfort
(n=1), and self-motivation (n=1) regarding their choice of device
placement.

Data from the contextual inquiry was first analyzed through
four steps of the contextual design method (see Multimedia
Appendix 1). The results from one exemplary case, Zach’s
sequence model, showed that he had three breaks noted with a
red mark (Figure 3). The breaks were (1) to save data because
previous readings were not saved for the patients, only for the
nurses, (2) to clean his fingertips after the blood test to continue
with the touchscreen, and (3) to use the internet on a different
device because the telehealth device did not have names of all
medications.

Table 4. Placement of the device in the patients’ homes (N=9).

Total for reason, nLocation, nReason

PatioBedroomStudy roomLiving room

3——a12Internet socket

1———1Comfort

41111Convenience

1—1——Self-motivation

1224Total in each room

aRoom-reason not selected.

Figure 3. Example of one sequence diagram that shows breaks of patient.
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Lack of Wireless Capability
The device only functioned with wired internet that had to be
connected through a cable through the telephone port in a
patient’s house. Heidi, Serena, and Uma mentioned that having
wires was a problem of the device:

Apart from when you gotta be home two hours after
eating to do it can be a little bit difficult like, “Oh my
God I have gotta get home,” so, I mean, time-wise
that’s it if I am not gonna be at home. [Heidi]

When Uma traveled, she used a separate glucometer and would
keep her blood glucose readings in a diary. She would later
come home and update her nurses about the data. However, the
device did not allow users to record data manually:

I can take this [her own glucometer that she bought]
with me, I can’t do the blood pressure, I take this with
me and do the blood sugar and then put it down in a
book. [Uma]

Undesirable Experience From Sphygmomanometer
Every patient criticized the sphygmomanometer. It was difficult
to use. It also gave uncomfortable experiences:

The blood pressure cuff I have more difficulty with.
I put it here where my doctor would put it. It repumps,
and it takes ages to do it. It marks my arm. [Yanicka]

Yanicka complained of physical pain around her arm from the
device. She stated that this pain was more than other
sphygmomanometers that she had used in doctor visits.

Lack of Visual Data
In the current system, each time the patients conducted a test,
they were presented with instant data on their blood pressure
and blood glucose levels. However, when the patients conducted
the next scheduled test, they could not see the previous data.
For example, if a patient did a test in the morning and one in
the evening, they were unable to compare the readings, because
the earlier test was not available. Patients expressed their desire
and the importance to see the previous data to help them know
if they were doing better or worse in terms of their blood
glucose:

I know it does it here [glucometer], but it would be
good to see every day’s. But it doesn´t show you. Like
last week I might have been 5.5 and this week I am
7.5. Why? Why am I? Then I would do exactly the
same things that I did last week. [Bill]

Vince and his wife also mentioned the adjustment of insulin,
similar to Heidi. They said that while Vince took insulin and
was adjusting the dosage of the insulin, they would prefer to
see a day-by-day comparison of Vince’s blood sugar in a graph:

It would be much better if he could just push a button
and see the last three weeks of his readings.

Coz he is adjusting his insulin and he needs to
know—all the time. [Vince’s wife]

Probably I would like to see a graph of my results,
more often. Like even once a month would be good
to show it on a graph. How my results are going,

because you just see number every day, but you want
to know your ups and downs, and you want to know
using that computer why my diabetes goes higher, I
know the reason now why it goes higher, before I
didn´t know the reasons. But now I do. And it’s just
the difference the food that I have eaten, and the foods
prepared, and I have found that because I am
monitoring my blood glucose carefully. [Pete]

Zach stated that graphs are a great tool to compare trends. Zach
was very particular about using a progressive graph. He also
commented that much research is required on how to show the
blood pressure and the blood glucose level in the graph:

There is nothing like graphs to see trends. They have
to display in a sensible way, if that makes sense. I will
be thinking that a progressive graph will do it. [Zach]

Lack of Medication Name
Yanicka stated that the medication that she was taking was not
included in the information sheet listed on the device. This
meant that the database did not contain a full list of all possible
diabetes medications that the patients in this clinical trial were
using. This necessitated Yanicka using another computer to
locate information about the medication that was prescribed for
her:

To see my change of insulin and I couldn’t find on
here, so I went back through here with my computer
and internet. My medicine is also here...and insulin
is not there, but I looked that up at the computer. Not
everyone has that. When I want to see what that thing
do I check it up here. I don’t ever touch the unit
because it automatically shuts down. It’s simple as
that, quite easy to use. Bit challenging at the
beginning. [Yanicka]

Zach reported the same problem—his medication was missing
from the available information sheet on the device.

Mismatch With Life Due to Immobility of the Device
The device currently works only with internet cables. All the
patients stated that a mobile unit would have been much more
suitable than the current device. Uma stated that she could not
carry the device. So she carried a different glucometer to keep
the data for her records:

I can take this with me; I can’t do the blood pressure,
I take this with me and do the blood sugar and then
put it down in a book. [Uma]

Glucometer Discomfort and Pain
When a patient uses a glucometer, a small drop of blood is
obtained by pricking the skin with a lancet. The drop of blood
is placed on a disposable test strip that the meter reads and uses
to calculate the blood glucose level. Slight discomfort is
experienced when the lancet pricks the skin of the finger.
However, T2D patients use a glucometer frequently, often more
than once a day. Some of the patients in this clinical trial
mentioned the discomfort and pain from the glucometer. Ted
stated that after frequent use over a long period, his finger feels
bruised:
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Problem I see with this is you have to prick your
finger every time you use it. It’s not that bad but after
a while you are bruising your fingertips sore, so in
that respect I guess it’s not really something that one
looks forwards to going and doing. [Ted]

Every other patient also felt the pain and complained of being
hurt. As a remedy, Zach was interested to see what the scientists
come up with in the future. Ted also mentioned that he wants
science to advance in such a way that a chip can be inserted and
left in a human body so that it will transmit continuous readings
to the machine. In this way, Ted thinks, bruising and pain may
be avoided.

Feelings and Perceptions
Patients used words such as “motivation,” “accountability,”
“safety net,” “habit,” and “awareness” while they expressed
their frustrations with the telehealth device.

Motivation
Two participants, Vince and Heidi, mentioned that using the
device motivated them to manage their diabetes:

And it’s good that they [nurses], that someone else
is keeping an eye on you, back at office, nurses.
[Vince]

And it gives you just that extra push, you know?
[Heidi]

Build a Habit
Pete lives alone, and he stated that he had developed a habit
from using the device for 6 months in the clinical trial. His habit
was measuring his blood glucose and blood pressure early in
the morning before he would engage in his daily life:

I think it’s a great benefit for me, I wish it probably
could stay, and I would like to keep it. I don´t know
how I am gonna go; I am obviously in the habit of
doing it every morning now, I am gonna have it. It´s
a habit now. So next week it’s gonna go, and I can
still maintain the regimen that I am doing it now, you
know. [Pete]

Awareness
Enrollment in the clinical trial had made Serena aware of her
well-being. The device would make her do things regularly.
Serena called this being in a regimen where she had to regularly
monitor and be aware of her blood glucose and her food.
Serena’s son, who was one of the family members to permit his
data to be used in this research, mentioned:

It’s more like a—there’s a regimen for every day 10
minutes before eating and after eating, she tastes it
and morning, afternoon—it’s 10 minutes or 5
minutes—doesn’t affect much. But it improved her
overall awareness. [Serena’s son]

Vince stated that after he had looked at the results, he felt more
aware and accountable, which made him want to use the device
more:

It [the device] makes you, wanna do it [the blood
glucose reading]. [Vince]

Heidi compared the use of the telehealth device with quitting
smoking. In quit-smoking programs, people are typically
encouraged to call a back-end, or a buddy, each time they have
the urge to smoke. Heidi found using the device a similar
experience as it makes her do the one extra step that she needs
to take:

You know when you haven’t done this for a week, and
oh you should do it. It’s like quitting smoking; you
know that you have to ring up somebody every time
you have to ring up. So, it’s that extra incentive you
know. [Heidi]

Feel Safe
Daily monitoring provided safety and comfort to the patients.
In the case of Vince, daily monitoring made his wife feel safe
that someone was watching over him:

It’s sort of like a safety net. You know there’s someone
in the background always watching and they will ring
you up. [Vince’s wife]

For Uma (a 74-year-old woman living alone), the device was
not of interest. In Uma’s opinion, the use of the device provided
the nurses with the data that they needed and that made her feel
safe. Serena’s son stated that Serena’s enrollment in the trial
and use of the device helped him to look after her.

Reduced Doctor Visits
Patients stated that they had fewer visits to the doctor during
the time enrolled in the clinical trial. They indicated that they
did not have to see a doctor every 3 months, which is the
traditional treatment. Instead, they spoke with the nurse every
2 weeks, which decreased the doctor visits unless there was
something urgent.

Frustrations
Patients had frustrations using the device due to slow responses
and sometimes during unresponsive states. Even after
participating in the clinical trial for more than 3 months, the
patients often had problems with the device. For example,
74-year-old Uma, in her fifth month in the clinical trial, was
very frustrated during the contextual inquiry. A portion of the
transcript (from the second minute until the fifth minute) of
Uma is as follows:

Uma: I don’t know what’s wrong with it; it suddenly
slowed down.

Researcher: Did it slow down today or—?

Uma: No, it has been doing this for a few days. I was
talking to the lady [Nurse1] on the phone and—come
on.

Uma called “come on” to the device after being frustrated with
the device for not responding to her touches.

Uma: I have to go through this every morning.
It’s—aaah.

Uma ceaselessly showed frustration, sighed heavily with hand
gestures toward the device, and talked to the device.

Uma: I don’t know whether it’s because
it’s—aaaahhhhh. [more frustration]
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After the fifth minute, Uma was able to use the device after
restarting it and being helped by the researcher.

Difficulty in Measurement of Blood Pressure
All but one patient (Ted) complained about difficulty with the
automatic sphygmomanometer because they had to use one arm

to put the cuff around the other arm and then press a button on
the device screen to start the automatic adjustment process
(Figure 4). It was a very difficult process for any person to do
this task alone. Heidi described it as: “It’s not really a one-man
job.”

Figure 4. Heidi (left) and Uma (right) struggling with the sphygmomanometer.

Discussion

Overview
All the patients were more than 3 months in the clinical trial.
Yet, we saw frustrations during use of the device due to
design—the responses and limitations. There were perceived
benefits and promises if designed right. Even how the treatment
was designed was influencing patients UX. For example, T2D
patients had to measure their own blood pressure, which is not
an easy task. Even the researchers could not measure blood
pressure accurately with the same device during some practices.

Design Implications for Future Telehealth for T2D
The patients wanted to see their own data meaningfully
presented through graphs. And a wireless device was preferred
due to mobility. Glucometer comfort, inclusion of all medication
names, and wireless connectivity are essential for a device for
T2D.

Domestication of the Device
The patients treated the device like regular domestic technology.
Stable and compelling routines at home influences the use of
domestic technologies [18]. Therefore, considerations of
people’s routine activities and contexts are essential to inform
the design; otherwise, people end up excluding those
technologies. Our results resemble Crabtree’s findings [19]; in
domestic settings, the patients might have multiple other
gadgets, and the telehealth device became one of them. Ted
placed his device in his living room beside his reclining chair,
which shows comfort as a reason. Other participants, such as
Vince and Yanicka, chose their device locations based on
convenience.

Influence on Patients From the Use of the Technology
The study of how to design technology to motivate behavioral
change has been of increased interest to researchers and

industrial practitioners due to the widespread use of technology,
such as computers, mobile phones, iPads, etc. Persuasive
technology is “a computing system, device, or application
designed to change a person’s attitude or behavior in a certain
way” without using coercion or deception [20]. Additionally,
technology is never neutral; it influences users in one way or
another [21,22]. Persuasive technology is designed to target a
specific behavioral change of the users intentionally. These
study patients mentioned different levels of influence on their
lives from the use of the device. Heidi said she received extra
motivation from this device to do her regular blood glucose
check. Vince felt motivated to manage his blood glucose because
the device motivated him to check it. Pete was motivated by
placing the device beside his bed. Serena and her son mentioned
during the interview that Serena was more accountable to look
after her blood glucose while using the telehealth device.
Serena’s son stated that Serena was more aware of her blood
glucose and food intake after using the device. Additionally,
Vince, Heidi, Pete, and Ted also mentioned an improvement in
awareness.

This telehealth device was not designed to motivate, build habits,
or create awareness among patients. But this device did show
the potential to change patients’ behavior if it had been
integrated with persuasive technology strategies [23]. It could
be improved by targeting specific behaviors, such as healthy
eating habits [24] of T2D patients, to help manage their
conditions better.

Categorization of the Patients as Users
All patients did not use the device with the same degree of
interest. We found different levels of interest in the patients
based on the observations and their explanations during stages
1 and 2 of the CUE. Our persona categorization of the nine
patients in the CUE includes enthusiastic, tolerant, indifferent,
and resistant patients [6]. These categories need to be validated
with a higher population of patients.
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Limitations of the Research
The CUE was conducted with a sample size of nine patients.
To generalize these findings across the T2D population, future
work should include a higher number of patients and expand
quantitatively on findings of this research.

Comparison With Prior Work
Most health researchers advocate larger, well-designed,
controlled studies to gather evidence [25-27]. However, there
is a gap. There are no studies that evaluate the effectiveness of
telehealth in daily practice from patients’ lives; rather the studies
strengthen current evidence [28]. This research is an approach
to bridge that gap and increase evaluation of telehealth from a
user (patient) perspective through CUE, unlike some recent
usability studies with telehealth. For example, a study conducted
for patients with T2D showed that usability improvements
increased the acceptability by 57%, but studies of this sort are
often explored to gather quantitative evidence only. They do
not understand patients, unlike the CUE. To our knowledge,
many studies conducted qualitative research as a component
added onto a clinical trial, but no study has been conducted
from ICT researchers from an HCI perspective that looks at
telehealth and its impact on patients as users of these
technologies. In another study, a 2016 investigation of patients
with T2D who dropped out of an eHealth intervention used
semistructured interviews to explore the reasons why patients
opt out of a telehealth trial [29]. The CUE in this research used
both contextual inquiry with semistructured interviews versus
just semistructured interviews and uncovered both satisfied and
dissatisfied patients [30].

Past qualitative work reported on telehealth-delivered
educational interventions [31] and telephone interventions [31]
did not improve medical conditions in T2D patients. Studies
such as CUE can explore why some interventions worked or

did not work. This kind of investigation had never been
conducted in a clinical trial from an HCI perspective by ICT
researchers. Generally, HCI evaluation is done during the
development phase but, in this study, it was conducted in the
rollout phase. Although domestication research had been
undertaken with technology and users, domestication of a
telehealth in-home monitoring device (in this case for T2D) has
not been researched in the past until this study.

Another stream of studies took behavior change approaches in
T2D management [32]. The CUE aligns more with this line of
research. Researchers in the future should explore more in-depth
into the role of the technology intervention and T2D
management with approaches like CUE.

Conclusions
Investigation of interactions between patients and a technology
are critical in telehealth because it affects the overall outcome
of a treatment. Disregard for the needs of patients, social and
cultural habits, and the complex nature of health care systems
results in relatively low impact and uptake of telehealth and
eHealth technologies [33]. Some eHealth and telehealth
interventions show dropout rates of up to 80% [34,35], but there
is little knowledge about the UX-related dropouts. Therefore,
we investigated a telehealth clinical trial through the HCI
approach and investigated patients’ UX in a T2D clinical trial
in Northern Queensland. We discovered that patients benefited
from using the in-home monitoring device to manage their T2D
regarding awareness, motivation, involvement, etc. Patients’
negative experiences with the technology—not all the patients
engaged with the telehealth device equally—and design
recommendations for future T2D telehealth were also found.
We urge a global movement to advocate and practice HCI to
complement all telehealth clinical trials and understand patients’
UX.
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Abstract

Background: Potential of the electronic health records (EHR) and clinical decision support (CDS) systems to improve the
practice of medicine has been tempered by poor design and the resulting burden they place on providers. CDS is rarely tested in
the real clinical environment. As a result, many tools are hard to use, placing strain on providers and resulting in low adoption
rates. The existing CDS usability literature relies primarily on expert opinion and provider feedback via survey. This is the first
study to evaluate CDS usability and the provider-computer-patient interaction with complex CDS in the real clinical environment.

Objective: This study aimed to further understand the barriers and facilitators of meaningful CDS usage within a real clinical
context.

Methods: This qualitative observational study was conducted with 3 primary care providers during 6 patient care sessions. In
patients with the chief complaint of sore throat, a CDS tool built with the Centor Score was used to stratify the risk of group A
Streptococcus pharyngitis. In patients with a chief complaint of cough or upper respiratory tract infection, a CDS tool built with
the Heckerling Rule was used to stratify the risk of pneumonia. During usability testing, all human-computer interactions, including
audio and continuous screen capture, were recorded using the Camtasia software. Participants’ comments and interactions with
the tool during clinical sessions and participant comments during a postsession brief interview were placed into coding categories
and analyzed for generalizable themes.

Results: In the 6 encounters observed, primary care providers toggled between addressing either the computer or the patient
during the visit. Minimal time was spent listening to the patient without engaging the EHR. Participants mostly used the CDS
tool with the patient, asking questions to populate the calculator and discussing the results of the risk assessment; they reported
the ability to do this as the major benefit of the tool. All providers were interrupted during their use of the CDS tool by the need
to refer to other sections of the chart. In half of the visits, patients’ clinical symptoms challenged the applicability of the tool to
calculate the risk of bacterial infection. Primary care providers rarely used the incorporated incentives for CDS usage, including
progress notes and patient instructions.

Conclusions: Live usability testing of these CDS tools generated insights about their role in the patient-provider interaction.
CDS may contribute to the interaction by being simultaneously viewed by the provider and patient. CDS can improve usability
and lessen the strain it places on providers by being short, flexible, and customizable to unique provider workflow. A useful
component of CDS is being as widely applicable as possible and ensuring that its functions represent the fastest way to perform
a particular task.
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Introduction

Background
The landmark Institute of Medicine report To Err Is Human,
sparked an increased focus on the prevention of medical errors
[1]. Computerized clinical decision support (CDS) aids providers
in clinical decision making for individual patients [2] and was
proposed as a key tool to improve quality of care by providers,
policy makers, experts, and consumers [1,3,4]. In the United
States, unprecedented resources were committed to support the
adoption and use of electronic health records (EHRs) through
the Health Information Technology for Economic and Clinical
Health Act (HITECH) of 2009 including incentive payments
by the federal government totaling up to US $27 billion over
10 years [5]. EHR adoption in eligible hospitals and practices
grew from less than 10% in 2008 to over 80% in 2015 [6]. One
of the HITECH requirements, for meaningful use of EHRs,
included criteria to implement CDS at every stage.

CDS can improve quality by improving diagnosis, treatment,
and preventative care services [7-20], but it now contributes to
the increasing complexity of clinical practice. Murphy et al
reported primary care doctors receive 77 notifications in the
EHR per day [21] and spend nearly 2 hours on the EHR and
desk work for every hour of face-to-face time with their patients
[22]. Poor EHR usability is a major driver of declining career
satisfaction among providers [23]. CDS is almost never tested
in real clinical care sessions that have real-time pressure and
patient-case complexity. As a result, many tools that appear
usable and useful during development and usability testing, are
cumbersome within workflow, are poorly adopted, and fail to
deliver on their promise of improved care [14].

There is an extensive literature detailing the features of highly
usable CDS. The foundational article “Ten Commandments for
Effective Clinical Decision Support” specifies the importance
of creating CDS that is fast, anticipates provider needs, fits into
user workflow, provides a change in practice as opposed to a
stop, is simple with few user inputs, and is adaptive [24]. A
comprehensive literature review of studies evaluating barriers
to and facilitators of CDS usage details similar CDS-specific
usability issues including minimal mouse clicks and workflow
integration [25]. These works and many others [26-33] are
important but primarily based on expert opinion and provider
feedback given via surveys, interviews, and simulated usability
testing. Few have objectively observed providers during a real
clinical session and none has observed the provider interaction
with complex CDS.

Objectives
The objective of this study was to further understand the barriers
to and facilitators of meaningful CDS tool usage within a real
clinical context. Usability testing of 2 CDS tools was conducted
as a part of the study “Integrated Clinical Prediction Rules:

Bringing Evidence to Diverse Primary Care Settings (iCPR2),”
a randomized controlled trial evaluating the tools’ effect on
antibiotic ordering [34]. The CDS tools were composed of an
alert, a clinical prediction rule (Centor Score and Heckerling
Rule) estimating risk of either group A Streptococcus (GAS)
pharyngitis or pneumonia, and an automatic order set based on
risk.

Methods

This was a qualitative observational study done in January 2017
at the University of Wisconsin-Madison, School of Medicine,
a large academic health care center, where the parent study was
being conducted. Testing was completed with a convenience
sample of 3 volunteer primary care providers during a total of
6 patient care sessions. Inclusion criteria required that
participants (1) worked in Family Medicine or Internal Medicine
clinics, (2) spent at least half of their time providing clinical
care, and (3) were randomized to the intervention arm of the
larger Integrated Clinical Prediction Rules: Bringing Evidence
to Diverse Primary Care Settings (iCPR2) study with CDS
embedded in their EHR system. The sample size was typical
for usability studies and was considered sufficient to elicit the
vast majority of usability issues [35-37]. The sample size was
considered to be 6, for each patient care session, as each was a
complex and unique interaction between the patient, provider,
and CDS tool. A typical sample size for usability studies is 5.

The 2 CDS tools tested in the parent study used clinical
prediction rules to evaluate the risk of GAS pharyngitis in
patients presenting with sore throat (the Centor Score) and the
risk of pneumonia in patients presenting with cough or upper
respiratory tract infection (the Heckerling Rule). The tools were
both built in the EpicCare ambulatory EHR (Epic Corp. Verona,
Wisconsin). The tools were triggered by a reason for visit of
sore throat, cough, or upper respiratory tract infection. When
triggered, the provider was presented with an alert offering the
CDS tool upon opening the chart. If accepted, the provider was
taken to a calculator with a list of clinical questions, each of
which contributes to a total risk score (Figure 1). After calculator
completion, the provider was shown a risk score, identifying
the patient as low, intermediate, or high risk for the condition
as well as offered an order set tailored to the calculated risk.
These order sets included documentation for progress notes,
laboratory orders, prescription orders, diagnoses, patient
instructions, and level of service (Figure 2).

Live usability testing was conducted in a clinical office setting.
Written informed consent was obtained from all participating
providers the day before the study observations. At that time,
the study procedures were reviewed with the providers and their
staff. Testing was performed for 1 day for each of the providers.
On the day of live usability testing, the providers’ receptionist
handed out a flyer with details about the study to all of the
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participating providers’ patients. Study staff approached these
patients to ask if they were being seen for a cough, sore throat,
or an upper respiratory tract infection. Patients with these
symptoms were provided with an explanation of the study and
verbal consent was obtained.

All human-computer interactions, including audio and
continuous screen capture, were recorded using Camtasia
(TechSmith, Okemos, MI, USA) software. Before the start of
the patient care session, the usability testing software was set
to record. It was paused if patients left the room for testing and
stopped at the end of the visit. After the provider’s care sessions
were completed, they were briefly interviewed about their
general attitudes toward the tool. These interviews were recorded
using a digital voice recorder.

All provider and patient verbalizations from the visits and the
interviews were transcribed verbatim. The video from the visits,
audio from the interviews, and the transcriptions of both
underwent thematic analysis and were coded using the following
process: a total of 2 coders used a triangulation approach
involving iteratively watching the videos, listening to the

interviews, and reading the transcriptions. This allowed a
broader and more complex understanding of the data attained.
Those 2 coders then undertook development of a codebook
reflecting the emerging themes with no a priori codes used.
Using the constant comparative method, additional readings of
the transcription led to the consolidation of these coding schemes
until no further refinement was required. The primary themes
identified were: Tool Interruptions, Workflow, Tool
Applicability, Patient-Tool interaction, Provider-Computer-
Patient Interaction, Ease of Use, and Missed Opportunities.
Transcribed audio from the visit and the interview along with
observed participant interaction with the tool were coded by
hand and were categorized under each code by 2 independent
coders and analyzed for themes that would be generalizable to
most CDS. The themes were reviewed together by the coders,
and all discrepancies were resolved by discussion to achieve a
consensus leading to 100% agreement between the coders. This
was formative as opposed to summative usability testing. We
did not measure task times, completion rates, or satisfaction
scores. The institutional review board at the University of
Wisconsin approved the research protocol.
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Figure 1. Clinical decision support tool calculator.
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Figure 2. Clinical decision support tool automatic order set.

Results

Overview
All 3 participants were primary care providers: 2 nurse
practitioners and 1 medical doctor. There were a total of 6
patient encounters. Although 5 of these were acute or follow-up
visits that lasted about 15 min each, 1 was a complete physical
exam that was about 30 min in length. In half of the visits, the
patients presented with the chief complaint of sore throat, and

the CDS tool built with the Centor Score was used to stratify
the risk of GAS pharyngitis. In the other half of the visits, the
patients presented with a chief complaint of cough or upper
respiratory tract infection, and the CDS tool built with the
Heckerling Rule was used to stratify the risk of pneumonia. As
the tools were so similar, with the exception of clinical content,
they were analyzed together. Example visit quotes, participant
actions, and participant interview quotes are included in Table
1 by coding category along with a summary and
recommendations for future CDS.
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Table 1. Live usability testing results.

Summary and recommendationCoding category, example comments or actionsa

Tool interruptions

During every testing session, the provider was interrupted during their use

of the CDSb tool by the need to refer to other sections of the chart.

Patient: “Was it last year or the year before – didn’t I have to get a
pneumonia shot?” Provider navigates away from automatic order set
immediately after opening it.

Recommendation: Complex CDS should be built for disrupted workflow,
with easy and obvious re-entry points.

Provider: “Have you had a chest X-ray anytime recently?” Provider

clicks away from automatic order set to review results of last CXRc.

 

Workflow

During every testing session, the progress note served as the center point
of the provider interaction with the electronic health record.

Provider opens chart, clicks away from alert, to progress notes.

—e“It’s the first thing that comes up...but you have to get all that info

from the patient first. So that’s what I mean by clunky.” [PCId]

Recommendation: CDS tools that exist within the progress note may have
higher adoption rates because it would be more likely they were present
at the time of decision making.

At the start of visit, all providers navigate immediately to the progress
note. Half of them spent more than 95% of the visit with this function
open, and only 1 spent more than 40% of the visit time with it open.

[QMf]

Tool applicability

In half of the sessions, patient history challenged the validity of the clinical
prediction rule used to calculate risk.

Provider: “So I read your chart; it says that you’ve been having
symptoms as deer season?”

—Patient: “I actually called in and Dr. [name] gave me a prescription...” 

Recommendation: CDS tools should be as broadly applicable as possible
with clear indications for use.

“Sometimes...something in your clinical encounter still says, 'get the
X-ray or still treat,' you know, maybe you saw them before.” [PCI]

 

Patient-tool interaction

In every session in which the tool was used to assess risk, the provider
completed the calculator with the patient.

Provider: “OK, so our little risk calculator here is recommending that
we would swab you for strep throat, and I agree with that.”

—Provider: “But your heart is beating kinda fast, you’ve had a fever
last night...the recommendation would be to get a chest x-ray today.”

 

Recommendation: CDS tools should be designed to be viewed by the pa-
tient and provider simultaneously.

“I like to be able to show it to patients. So that part of it I really – I
like to have that support, and that extra backup for the decision that
I want to make.” [PCI]

 

Provider-computer-patient interaction

In every testing session, the providers toggled between addressing either
the computer or the patient during the visit.

Patient: “My brother’s living with me, he’s a vet...” Provider enters
data from chart review into progress note while patient is talking
about something unrelated.

—Provider: “So basically to summarize: about 9 days ago is when you
first got sick...” Physician stops interacting with computer to recap
history.

 

— (Silence while physician types) 

Recommendation: Providers may find CDS tools easier to complete if
they engage patients.

Providers spent 0% to 3% of their visit time listening to the patient
without simultaneously engaging with the computer. [QM]

 

Ease of use

Providers were able to complete the tool quickly; however, during half of
the sessions, hard stops and fixed elements in the tool created barriers to
usability.

Provider: “Hold on, I just need the laboratory to actually put in the
results... my thing isn’t popping up for me to prescribe the antibiotics
quite yet.”

—“The patient instructions have some hard stop, so I got frustrated with
that, and then eventually deleted and typed my own patient instructions
in.” [PCI]

 

—“Cause it’s short. If it were any longer, I’d probably get frustrated
with it.” [PCI]

 

Recommendation: Tools that are short, customizable, and flexible to dif-
ferent workflows will have improved usability.

Providers spent about 1 min of the visit time completing the CDS
tool. [QM]
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Summary and recommendationCoding category, example comments or actionsa

Missed opportunities

In every session, providers did not use either the automatic order set or
automatic documentation.

Provider enters shortcut “.cvuri” to generate upper respiratory infec-
tion note template at start of visit.

—Provider: “So the antibiotic that I would pick for you is one called
Azithromycin.” Provider orders antibiotics a la carte without re-en-
tering tool after chest x-ray is resulted.

 

Recommendation: Elements that are incorporated into CDS tools as incen-
tives should save the provider time or effort when compared with their
usual workflow.

“It’s easier for me to order a chest X-ray just outside of the order
set...then get the results back and go on with the patient visit. And
then at that point, it’s like the opportunity has been lost to use the
[automatic order] set.” [PCI]

 

aProvider and patient statements during the visit are included in quotations, and provider actions are in italics.
bCDS: clinical decision support.
cCXR: chest x-ray.
dPCI: provider comments during interview.
eThe Summary and Recommendation for each of the Coding Categories applies to all of the data provided.
fQM: quantitative measurements.

Figure 3. Clinical decision support system proposed workflow.

Coding Categories

Tool Interruptions
Although the tool was built to be completed sequentially and
without interruption (Figure 3), all participants were interrupted
during their use of the CDS tool. Participants were typically
triggered to navigate away from the CDS tool by questions that
came up during the encounter about the patient’s previous
medical history (eg, vaccine record and laboratory test results).
Each of these deviations required the participant to remember
to navigate back to the CDS tool and to know how to do this.

Workflow
Upon opening the chart, every participant was taken to an alert
for the CDS tool. At the start of each patient session, the
provider navigated away from the alert to the progress note and
began taking the history of present illness. During most patient
sessions, the provider then completed the physical exam, brought
the patient back to the computer, and engaged with the CDS
tool. The progress note served as the center point of the
participant interaction with more than 95% of visit time spent
with the progress note feature open in half of the sessions.

Tool Applicability
In half of the patient visits, patients reported some piece of
information, typically as a part of the history of present illness
that raised a question for the coders of whether the tool was
applicable to their clinical condition. For example, 2 of the

patient encounters were for complaints consistent with sinusitis
and 1 patient with cough had been previously treated. All of the
providers in the postsession brief interviews mentioned the
value of a more broadly applicable tool that included CDS for
bacterial sinusitis. They felt that this addition would allow them
to use the tool more often.

Patient-Tool Interaction
A majority of the providers used the tool to assess risk by
showing the patients the tool while they completed it and
explained the results of the calculator to the patient. They all
reported that the ability to show the patient their risk of a
bacterial infection was the strongest feature of the tool. Providers
reported using the tool to educate patients about their risk and
manage patient expectations more than using it to discover the
patient’s risk of bacterial infection.

Provider-Computer-Patient Interaction
Providers spent most of the visit either talking to the patient or
interacting with the EHR. They spent 0% to 3% of their time
listening to the patient without engaging the EHR. For example,
to gather the history of the present illness, providers typically
started with an open-ended question. As the patient began
talking, they shifted their focus to the EHR to begin typing the
progress note. They took the opportunity to review the chart if
the patient began talking about unrelated topics. At times when
the patient was not speaking but the provider needed to interact
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with the EHR (eg, completing orders at the end of the visit),
there would be silence.

Ease of Use
Providers commented on the tool’s brevity as being a significant
strength, making it easier to use. They spent about 1 min of the
patient visit completing the tool. Hard stops and fixed elements
within the tool led to frustrations. For example, after a verbal
communication about a positive rapid GAS pharyngitis result,
the provider could not continue to the automatic order set until
the result was properly registered by the laboratory, requiring
the provider to leave the patient, go back to the laboratory, and
resolve the issue before continuing with the patient visit.

Missed Opportunities
Although the tool was designed to automatically generate visit
documentation as an incentive for tool completion, every
provider started writing his or her note at the beginning of the
visit. Each provider used shortcuts to template their notes, which
increased the comparative ease of use of typing their note
without using the tool’s feature. Although the tool’s automatic
order set was also designed as an incentive for use, participants
described it being easier to order antibiotics and tests outside
of it.

Discussion

Principal Findings
This study contributes to our growing understanding of how to
develop usable and useful CDS tools, particularly considering
the provider-computer-patient interaction. This study builds on
our previous work analyzing results from the “Think Aloud”
and “Near Live” usability testing of these 2 CDS tools [38].
Each of these 3 types of usability testing generated unique and
generalizable insights. As testing increasingly approached
reality, additional types of barriers to and facilitators of CDS
usage were found. During the “Think Aloud” testing, providers
were presented with a written clinical case while interacting
with the tool. Commentary focused on improving the ease of
use of the tool. During the “Near Live” testing, providers
interacted with a patient actor and commentary addressed ease
of use of the tool with an added, more focused evaluation of its
usefulness. Previous studies have also found that as usability
testing approaches reality, themes and insights shift from mostly
surface-level ease–of-use issues to high-level usefulness and
workflow issues [28]. Live usability testing provided insights
on the tools’ ease of use, usefulness, and impact on the
patient-provider interaction that were not evident in previous
usability testing.

Provider-Computer-Patient Interaction and Patient-Tool
Interaction
Our observation of the minimal time providers spent listening
to the patient without simultaneously interacting with the
computer speaks to the growing demands of the EHR. Each of
these demands must take the place of some part of what was
already a full visit. In a typical encounter, a provider listens to
the patient, examines the patient, and talks to the patient. The
pressure to “multitask” using the EHR is easiest while listening

to the patient. Notably, however, there is evidence that providers
are doing this without decreasing patient satisfaction or
diminishing the patient-provider relationship [20]. The use of
EHRs in the ambulatory setting also does not seem to decrease
quality of care [39]. However, the EHR contains a wealth of
information that has the potential to positively impact care. The
simple, intuitive, and informational design of this tool allowed
providers to use it with their patients, allowing the EHR to
provide important information while reconnecting the patient
and the provider.

CDS designers have largely focused on these tools’contribution
to medical decision making without considering its collaborative
nature. To varying degrees, every medical decision is a shared
decision. CDS tools that are built to engage both patient and
provider target both decision makers. Every provider in this
study cited the ability to share the tool’s results with the patient
as its greatest strength. These providers did not need a better
understanding of patient’s risk of bacterial infection as much
as they needed a better way to communicate this information
to the patient. CDS that accounts for the patient’s role in
decision making may be used to facilitate shared decision
making, which may improve usability, increase adoption rates,
thereby resulting in improved quality of care.

Tool Interruptions, Usability, and Workflow
The expected workflow for the tool was not observed in any
encounter, and the providers did not use the tool at the time it
triggered. In addition, when the tool was used, they were unable
to flow from alert to calculator to automatic order set as it was
designed to be used. These findings point to the existence of
significant provider workflow variability. Primary care provider
workflow is not prespecified and emerges based on the unique
interaction between the patient and the provider’s agendas [40].
Our study points to a short, flexible, and customizable CDS tool
as more usable. Locating the CDS inside the progress note may
help to address tool interruptions and improve usability and
workflow. The progress note seems to be the center point of
provider interaction with the computer. For many providers,
this would make the tool available at the time of decision making
and present while they use the split screen to refer back to the
chart when necessary.

Missed Opportunities and Tool Applicability
The ability to use the tool in as many clinical situations as
possible increases its usefulness. Every provider commented
on the utility of adding a tool addressing risk of bacterial
sinusitis. This addition would allow providers to apply these
tools to almost any symptoms of upper respiratory tract
infection. The more broadly these tools apply, the more valuable
they may be to providers. In half of the visits, patient history
challenged the validity of the clinical prediction rule used to
calculate the risk of bacterial infection. Usefulness was
addressed as well with providers’ lack of use of the incorporated
incentives. Elements that are incorporated into CDS tools as
incentives should save the provider time or effort when
compared with their usual workflow. The lack of order set use
can also limit the ability of the CDS to improve evidence-based
patient care and influence the type of antibiotics ordered.
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Usability testing of CDS helps to close the gap between its
current and potential impact on providers, their interactions
with patients, and the quality of care they give. Although the
EHR’s poor usability and interference with face-to-face patient
care are prominent sources of professional dissatisfaction,
providers still believe in the potential of this technology [23].
The concept of evidence-based clinical care revolutionized
medicine by demanding that interventions be formally evaluated.
We must evaluate CDS with this same rigorous approach;
usability tested and refined CDS can address unforeseen
consequences, decrease strain on the provider and the
patient-provider interaction, and garner the adoption rates
required to have a meaningful positive impact.

Limitations
As typical for usability studies, participants were a convenience
sample of volunteers rather than a representative sample. They
were identified based on their higher-than-average use of this
CDS tool. This was done to ensure tool usage on the day of
testing. These providers may have a more positive opinion of
it or use it in a way that is fundamentally different from that of
the average provider. Even in this subset of providers
predisposed to high CDS use, the tool was not used as designed
and created workflow frustration. These providers may also use
the EHR more during patient encounters than average. The
sample size for this study was small because of the inherent
logistical difficulty of live usability testing in the real clinical
environment. However, usability testing is typically performed
in just 5 sessions as thematic saturation begins to occur at this
point [35-37]. We reached thematic saturation during our study,
observing consistent and recurring themes across all of our
recorded sessions. During testing, participants were aware that
they were being recorded and may have changed their behavior
and reported observations because of being observed (the
Hawthorne effect). This testing was done with just 1 EHR,

EpicCare, which may limit generalizability. However, this is
the most widely used EHR in the United States. All of these
limitations are inherent to usability studies and represent
standard practice.

Conclusions
Live usability testing of this CDS tool provided insights on its
ease of use, usefulness, and its impact on the patient-provider
interactions that were not evident in previous usability testing.
This highlights the importance of incorporating live usability
testing into CDS tool development. Our study suggests that
short, flexible, and customizable CDS tools may be more usable,
addressing the challenges of the highly variable provider
workflow. The progress note seems to be the center point of
provider interaction with the EHR. Locating the CDS tool inside
the progress note may help to address tool interruptions and
ensure that the tool is available at the time of decision- making
and present when providers refer back to the chart when
necessary. The tool was designed to be used sequentially and
this contributed to providers not finishing the tool once they
deviated from the intended workflow.

The more broadly these tools apply, the more valuable they are
to providers. Elements that are incorporated into CDS tools as
incentives must be useful, saving the provider time or effort
when compared with their usual workflow. Live usability testing
of these tools also generated insights about their impact on the
patient-provider interaction. The simple, intuitive, and
informational design of the tool allowed providers to use it with
their patients. CDS can contribute to the patient-provider
interaction by being built to be simultaneously viewed by the
provider and patient. The use of the calculator to engage the
patient in the decision-making process as a driver for the use
of the CDS tool needs further study. This allows the EHR to
provide important information while reconnecting patient and
provider.
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Abstract

Background: Clinical decision support (CDS) has been shown to improve compliance with evidence-based care, but its impact
is often diminished because of issues such as poor usability, insufficient integration into workflow, and alert fatigue. Noninterruptive
CDS may be less subject to alert fatigue, but there has been little assessment of its usability.

Objective: This study aimed to study the usability of interruptive and noninterruptive versions of a CDS.

Methods: We conducted a usability study of a CDS tool that recommended prescribing an angiotensin-converting enzyme
inhibitor for inpatients with heart failure. We developed 2 versions of the CDS: an interruptive alert triggered at order entry and
a noninterruptive alert listed in the sidebar of the electronic health record screen. Inpatient providers were recruited and randomly
assigned to use the interruptive alert followed by the noninterruptive alert or vice versa in a laboratory setting. We asked providers
to “think aloud” while using the CDS and then conducted a brief semistructured interview about usability. We used a constant
comparative analysis informed by the CDS Five Rights framework to analyze usability testing.

Results: A total of 12 providers participated in usability testing. Providers noted that the interruptive alert was readily noticed
but generally impeded workflow. The noninterruptive alert was felt to be less annoying but had lower visibility, which might
reduce engagement. Provider role seemed to influence preferences; for instance, some providers who had more global responsibility
for patients seemed to prefer the noninterruptive alert, whereas more task-oriented providers generally preferred the interruptive
alert.

Conclusions: Providers expressed trade-offs between impeding workflow and improving visibility with interruptive and
noninterruptive versions of a CDS. In addition, 2 potential approaches to effective CDS may include targeting alerts by provider
role or supplementing a noninterruptive alert with an occasional, well-timed interruptive alert.

(JMIR Hum Factors 2019;6(2):e12469)   doi:10.2196/12469

KEYWORDS

clinical decision support; hospital; electronic health records

Introduction

Clinical decision support (CDS) systems have been shown to
improve provider compliance with evidence-based
cardiovascular care in the inpatient hospital setting [1,2].
Nonetheless, the effectiveness of CDS interventions is frequently

diminished because of issues such as poor usability, insufficient
integration into provider workflow, and alert fatigue [3-6]. These
limitations are particularly problematic in the inpatient setting,
where providers are concurrently caring for numerous patients
with urgent needs located in multiple locations.
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CDS alert fatigue is frequently related to the fact that
interruptive alerts force providers to notice or respond to the
CDS in the middle of their other tasks. Noninterruptive CDS
tools, which do not require stoppage of other electronic health
record (EHR) activity, may be less subject to alert fatigue [6,7].
A number of studies have demonstrated that noninterruptive
alerts can increase provider compliance with care measures such
as venous thromboembolism prevention in the inpatient setting
[8,9], yet this type of alert is generally perceived as less
successful at changing provider behavior compared with
interruptive alerts [6,7]. Nonetheless, the few studies that
compare the relative uptake of interruptive and noninterruptive
alerts have not consistently shown interruptive alerts to be
superior [10,11]. Finally, despite assumptions that
noninterruptive alerts have less effect on workflow [6,7], there
has been little evaluation of the relative usability of interruptive
and noninterruptive alerts. Although prior studies have evaluated
the usability of either interruptive or noninterruptive alerts
[9,12,13], we are unaware of studies that have compared the
usability of these 2 implementation approaches. Information
about their relative usability can help inform developers of CDS
about the relative advantages of interruptive and noninterruptive
alerts. In addition, evaluation of usability of these 2 CDS
implementation approaches may be particularly useful in the
inpatient setting, where providers frequently deal with
competing demands and interruptions to workflow.

Usability relates to the extent a system will allow end users to
complete a task in an effective, timely, and satisfactory way
[14,15]. Usability testing draws on the principles of
human-computer interaction to evaluate the usability of a system
and is considered best practice in the development of EHRs and
related systems in health care [14-17]. The purpose of this study
was to pilot test the comparative usability of an interruptive
version versus a noninterruptive version of an inpatient-focused
CDS.

Methods

Study Design
We conducted a usability study of a CDS tool that recommended
prescribing an angiotensin-converting enzyme (ACE) inhibitor
for inpatients with heart failure. The setting was NYU Langone
Health, an urban academic medical center with approximately
3000 hospitalizations with a diagnosis of heart failure annually
[18]. We recruited individual health care providers to use the
tool in a laboratory setting and provide feedback on usability.
We created 2 versions of the CDS: one an interruptive alert and
the other a noninterruptive alert. We then randomly assigned
providers to use the interruptive alert followed by the
noninterruptive alert or vice versa; we randomly assigned the
order for presentation to minimize the effect that using one
version of the alert may have on feedback on the second version
of the alert. Order assignment was based on random number
generation. Following usability assessment, we conducted a
brief semistructured interview for additional feedback.

Subjects and Recruitment
We included individual health care providers who care for and
write medication orders for hospitalized adult patients. We

excluded providers who do not write inpatient medication orders.
We identified and recruited potential participants through
sending emails to relevant department listservs, colleagues of
study team members, and suggestions from prior interviewees.
We used a purposive sampling framework: we invited
participants to ensure a range of services, including medicine
and surgery, and provider types, including attending physicians,
resident physicians, nurse practitioners (NPs), and physician
assistants. However, we stopped recruiting attending physicians
after the first interview, in which the attending physician
reported exclusively relying on residents, NPs, and physician
assistants to write orders. Recruitment continued until a range
of services and provider types was achieved and thematic
saturation was reached. Participants received a US $25 gift card
after completion of the interview.

Clinical Decision Support Intervention Description
We developed 2 versions of the CDS intervention that had
similar triggering actions but varied in their format for
presentation. The CDS interventions were built within the
sandbox testing environment of the EHR at NYU Langone
Health, Epic (Epic Systems, Verona, Wisconsin). The initial
development was led by the study team using input from clinical
leadership and based on standard Epic templates. Development
was informed by interviews with end-user providers [19]. Both
versions of the CDS ultimately presented a dialogue box that
informed providers that the patient had a reduced ejection
fraction (EF), was not on an ACE inhibitor or angiotensin
receptor blocker, and that these medications are potentially
beneficial to patients with this condition [20,21]. Usual
contraindications were explained, and recent values for blood
pressure, estimated glomerular filtration rate (eGFR), and
potassium were listed [20]. Providers were given the options to
order an ACE inhibitor (lisinopril 5 mg daily), report a
contraindication, or simply dismiss the CDS.

The format of the first alert was interruptive, in which the CDS
dialogue box popped up at the time of order entry (Figure 1).
The second version was a noninterruptive link that was located
in a sidebar checklist report (Figure 2). This sidebar was part
of the usual EHR display, and the interruptive alert was present
in the sidebar until the CDS criteria were satisfied. Selecting
the hyperlink in the sidebar led to the presentation of the same
CDS dialogue box as in the interruptive alert.

Usability Testing
We first obtained verbal consent for participation and audio
recording. We then provided participants with a clinical scenario
in which they were caring for a patient who had heart failure
with a reduced EF and who was principally hospitalized for
another condition related to the provider’s specialty, such as
pneumonia, stroke, or surgery. Providers were advised that they
were to proceed with opening the patient’s chart and ordering
morning laboratory tests. For providers assigned to the
interruptive alert, the alert would trigger once they initiated the
process to order labs. Some providers who were first assigned
to the noninterruptive alerts would see and attempt to work with
the CDS as well; for those who had not noticed the
noninterruptive alert after a few minutes of charting, we also
directed them to the CDS. While working with the CDS,
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providers were asked to think aloud [17,22]. In the think-aloud
method, users verbalize their thoughts and offer feedback while
interacting with the CDS to identify usability issues.

After working through the first alert, we asked providers about
navigation, content, ease of use, fit into workflow, and
suggestions. We then performed usability testing on the other
version of the alert using the same procedure. Providers were
then asked about usability of the second version of the alert and

the comparative advantages of each version of the CDS tool.
Finally, we asked providers to complete a brief demographic
survey.

Qualitative Analysis
Audio recordings from usability testing were transcribed by a
professional transcription service. Transcriptions were reviewed
against recordings, with any mistakes corrected.

Figure 1. Screenshot of clinical decision support used in usability testing: interruptive version of clinical decision support. Source: Epic Systems
Corporation; used with permission. ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; BP: blood pressure; eGFR: estimated
glomerular filtration rate; LVEF: left ventricular ejection fraction.
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Figure 2. Screenshot of clinical decision support used in usability testing: location of noninterruptive version of clinical decision support, highlighted
by the arrow. Clicking the link in the noninterruptive alert would take the user to a screen similar to the interruptive alert. Source: Epic Systems
Corporation; used with permission. ACE: angiotensin-converting enzyme; ARB: angiotensin receptor blocker; BP: blood pressure.

We used the constant comparative method to analyze the
usability testing, which included audio recordings from both
the think-aloud protocol and the semistructured interview
questions. In this qualitative analysis technique based on
grounded theory [23,24], we began with open codes that were
progressively grouped and refined into code categories. At least
2 of 3 coders (SB, RP, and SS) independently coded each of
the transcripts and then met to review codes and reach consensus
on any disagreements. Throughout the coding process, coders
also met regularly with the larger investigative team to review
and refine the code list. We categorized codes as being related
to the general CDS, the interruptive alert, and the noninterruptive
alert. Emergent themes were informed by the CDS Five Rights
CDS framework as well as by prior work in CDS usability
testing [13,15,25]; the Five Rights framework postulates that
CDS is most effective when the right information is delivered
to the right person, through the right intervention format and
the right channel, and at the right time in workflow. We grouped
all codes into 1 of the 4 rights in the framework; no codes were
related to the theme of right channel as the CDS was delivered
exclusively through the EHR.

Results

We conducted usability testing with 12 providers. Overall, 9 of
these providers (75%) were on the medicine service; the
remaining providers were in surgery or neurology (Table 1).
Half of the providers self-identified as Asian. Furthermore, 7
providers were randomly assigned to test the usability of the
interruptive alert followed by the noninterruptive alert; the
remaining 5 providers started with the noninterruptive alert.
Interview lengths ranged from 11 to 29 min.

We categorized codes from the usability testing, which
combined the think-aloud interviews and the responses to
semistructured questions, into 4 themes related to the CDS Five
Rights. We defined some codes as related to the CDS in general
and others as related to the interruptive or noninterruptive
version of the CDS (Textbox 1 and Table 2).

Right Information
Nearly all codes that related to the general CDS fit within the
theme of right information and could generally be categorized
as positives, negatives, or suggestions for the CDS. Positives
about the CDS included that providers thought that the CDS
would be helpful to alert them that the patient had heart failure
and may not be on evidence-based therapy. They expressed that
the reported contraindications in the text and reporting of the
relevant vital signs and laboratory results were useful.
Nonetheless, providers suggested adding the following elements:
trends for laboratory results, creatinine results, summary of past
ACE inhibitor use, and contraindications to ACE inhibitors.
Concurrently, some providers gave negative feedback about too
much information, which could impede workflow, as suggested
by 1 first-year resident:

I don’t know if there’s a way to make it even more
brief...there’s too much text...it was slowing me down.

The primary negative feedback related to usability stemmed
from a lack of clarity on the slide button that allowed for options
to order or do not order each of the ACE inhibitor or reason
for not prescribing. A second-year resident made this suggestion:

It was a little confusing...I don’t know if there’s a way
to make it to that so it’s order or not order the ACE,
and then the second one [for] if you didn’t order the
ACE.
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Table 1. Characteristics of 12 providers participating in usability testing.

Statistics, n (%)Characteristic

Clinical service

9 (75)Medicine

1 (8)Neurology

2 (17)Surgery

Clinical role

1 (8)Attending

—aResident

2 (17)First-year resident

4 (33)Second-year resident

4 (33)Nurse practitioner

1 (8)Physician assistant

Years in current role

6 (50)1-3

4 (33)4-10

2 (17)>10

4 (33)Female

Ethnicity

11 (92)Not Hispanic or Latino

1 (8)Missing

Race

3 (25)White

1 (8)Black

6 (50)Asian

2 (17)Multiracial

aNot applicable.

Right Person
Perceived role, a contributor to the theme of right person, also
influenced whether providers found the general CDS tool to be
useful. In particular, a number of providers felt that it was their
responsibility to deliver evidence-based care, including for an
ACE inhibitor in heart failure. However, some providers,
including those on surgical services and those who perform
cross-coverage duties, found the CDS to be outside of their
scope of practice. These providers wished for the option to
dismiss the CDS for themselves but not for other providers. In
this approach, the CDS would only continue triggering providers
whose perceived role was appropriate for the CDS
recommendations.

The theme of right person also applied to each version of the
alert. A second-year medicine resident preferred the

noninterruptive alert because of their perceived role to conduct
global reviews of their patients:

At the end of the day I look through every [patient’s
checklist] as a [senior] resident. As [a first year
resident] maybe not because I’m the one putting in
all the orders.

A first-year resident felt the interruptive alert would be useful
because:

In the acute setting, especially, Lisinopril might get
missed until we discuss it during rounds, but then if
you put that there as an alert for us to see. [If I am
too busy to] order at that time I feel like I would write
it down somewhere to keep myself...I keep a sheet
with all the patients and to-dos for every patient...and
I definitely won’t forget that because I know by the
end of the day I want to check off all the boxes.
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Textbox 1. Codes from usability testing categorized into themes based on the Clinical Decision Support Five Rights. Groups further based on the
interruptive or noninterruptive version of alert or usability groups.

Right information

• Content/usefulness

• Alerts to best practice

• Alerts to presence of heart failure

• Labs and vital signs relevant

• Contraindications to therapy useful

• Wants a summary of current and prior medications

• Wants lab or vital sign trends

• No creatinine listed

• Less information would be helpful

• Usability

• Easy to locate relevant information

• Difficulty or confusion with “order” versus “do not order” button

• Does not notice the reason for not prescribing

• Difficulty with ordering basic labs within clinical decision support

Right person

• General alert

• Recommendation not within the perceived scope of practice

• Responsibility to deliver evidence-based therapy

• Noninterruptive version of alert

• Responsibility as a resident to address noninterruptive alerts

Right time in workflow

• Noninterruptive version of alert

• Likes ability to address at a later time

• Reviewing noninterruptive alerts part of workflow

• Interruptive version of alert

• Prefers if delivered at right time in workflow

• Impedes workflow

• Wants option to address at a later time

Right intervention format

• Noninterruptive version of alert

• Not always noticed

• Flagged alerts increase visibility

• Likes that can defer task to another provider

• May defer and then forget about alert

• Would notice and address noninterruptive alert

• Would prefer alerts in a more visible location

• Interruptive version of alert
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• More noticeable

• Pays less attention to content of interruptive alert

• Either version

• Prefers combination of interruptive and noninterruptive alert

Table 2. Example quotations from usability testing by an interruptive or noninterruptive version of the clinical decision support.

Example quotationExample codeTheme and clinical decision
support version

Right information

“It’s better to have a trend...I’m more comfortable ordering this because I see those
three times patient is very stable”

Wants lab or vital sign trendGeneral (content)

“To me that’s a little counter-intuitive, but it could be that there’s other sections of [the
EHR] where that’s how you document not doing something.”

Difficulty with “order” ver-
sus “do not order” button

General (usability)

Right person

“I wouldn’t necessarily start a patient on a medication just because of my specialty.”Not within the perceived
scope of practice

General

“I started using the provider checklist a little bit more especially as a resident when
you’re reviewing things.”

Responsibility as a resident
to address noninterruptive
alerts

Noninterruptive

Right time in workflow

“At the end of the day I look through everyone, make sure...things are checked. Then
I would notice things that are here.”

Reviewing alert part of
workflow

Noninterruptive

“This one is a little bit more annoying because it will prevent me from doing what I
wanna do.”

Impedes workflowInterruptive

Right intervention format

“If you hadn’t have told me that this was on the right-hand side, I never would have
noticed it in the first place. Now that I see it here it's actually nice.”

Not always noticedNoninterruptive

“When we get a lot of them we tend to just turn off—when I see it I just barely breeze
right through it and just hit dismiss.”

Pays less attention to content
of interruptive

Interruptive

“I don’t know if there’s any way to make it pop up if you haven’t reviewed the provider
checklist by the end of the day.”

Combine interruptive and
noninterruptive

Either version

Right Time in Workflow
A number of providers expressed that they preferred the
noninterruptive version as it fit better within their workflow by
not impeding current tasks. They expressed appreciation that
they could address a noninterruptive alert at a later point,
according to their own workflow. Some providers expressed
that reviewing noninterruptive CDS tools was part of their
current daily routine. Conversely, many providers agreed with
an NP who described the interruptive CDS as annoying and
impeded workflow. They requested the capability to defer the
alert until a later time but did note that the interruptive version
would be preferred if activated at the right time in their
workflow.

Right Intervention Format
Many providers said that they do not always notice
noninterruptive alerts or that they defer these alerts and forget
to return to them at a later time. Others found the location on
the screen to have inadequate visibility or believed that there

were too many flagged alerts on the screen, making the alert
less noticeable. Indeed, over half of the providers (7/12) did not
quickly notice the noninterruptive alert and were directed to its
location on the screen; of these providers, 3 were initially
assigned to the noninterruptive alert and 4 were initially assigned
to the interruptive alert. Conversely, some providers found the
noninterruptive alert flags to be readily visible and appreciated
the ability to defer these alerts to another time and, if
appropriate, to another provider. Providers found the interruptive
alert to be more noticeable, which is why some preferred this
format; concurrently, others said they would not pay attention
to the interruptive alert, including 1 second-year resident:

I feel making it mandatory makes it like I'd pay
attention to it less.

Given the noted trade-offs between the 2 versions of these alerts,
some providers thought a combined version would be most
useful. For instance, the noninterruptive alert could be available
continuously but, if not utilized within a certain timeframe,
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would be enhanced with triggering of the interruptive alert, as
described by 1 second-year resident:

You have to electively review the [noninterruptive
alert], which everyone may or may not do...I don’t
know if there’s any way to make it pop up if you
haven’t reviewed by the end of the day or [another]
time frame.

Discussion

Principal Findings
We found that many providers expressed annoyance in working
with an interruptive CDS, primarily because it would interrupt
workflow. A noninterruptive version of the CDS was appealing
to providers, given that it could be accessed at any time in the
workflow or seamlessly deferred to other providers. However,
providers acknowledged that a noninterruptive alert was
frequently not noticed and may not support clinical decision
making unless integrated into routine workflow. One suggestion
was to balance the 2 approaches by combining formats:
supplementing a noninterruptive alert with an occasional,
well-timed interruptive alert if uptake was insufficient. Given
the reported trade-off of distraction and visibility between the
interruptive and noninterruptive alerts, we intend on
implementing both versions of the CDS in our hospital system
to determine relative use and usability in clinical practice.

Although individual providers differed on their description of
how each version of the alert would fit into their workflow, one
of our key findings was that provider role seemed to be
associated with the acceptability of the CDS format. In
particular, some providers expressed that their role in residency
training affected their preference for how the CDS was
delivered. With the caveat that this small qualitative study was
not powered to represent subgroups, we found that 1 first-year
resident, whose role is primarily related to implementation of
the care that is delivered in the hospital, tended to favor the
interruptive CDS as it alerted this provider to another task to
accomplish for the day. Conversely, more senior residents,
whose role is defined by overseeing the delivery of care for
patients, tended to favor the noninterruptive CDS. These
residents felt that such a CDS could aid in their broad assessment
of an individual patient’s care at the opportune time when
performing such a review.

Our finding of a potential interaction between provider role and
fit of CDS into workflow builds off prior studies examining
provider characteristics and potential for uptake of CDS [26-28].
For instance, surveyed providers were more likely to report
acceptance of a CDS if not behind in their work [28], and in
secondary analysis, a CDS tool for respiratory symptoms was
more likely to be used by resident providers as compared with
attending providers [27]. The CDS Five Rights framework
specifies the importance of both provider role and intervention
format [25]. This framework has led to CDS systems designed
to deliver different information for clinicians in different roles;
for example, 1 CDS system included an alert to nurses if a
patient had signs of early sepsis while concurrently offering a
separate sepsis order set to providers [29]. Nonetheless, we are
unaware of a CDS that was developed to specifically address

the potential interaction between role and intervention format.
Our data suggest an opportunity to increase CDS
usability—ultimately with the goal of increasing uptake—by
targeting providers who may find that a given format fits best
within their clinical role. An example of this based on our
preliminary findings could be that the interruptive alert targets
first-year residents, whereas the noninterruptive alert targets
senior residents; however, we would need to better survey
residents before such an implementation.

One of the primary purposes of usability testing of a CDS tool
is to adjust the tool based on end-user feedback [15]. We made
some changes to our CDS during usability testing based on
initial feedback, including incorporating additional trends in
blood pressure and laboratory results. We only later made the
suggested change of adding creatinine to the CDS. We were
initially resistant to changing this laboratory presentation, as
guidelines recommend eGFR—rather than creatinine—as the
preferred method for evaluating kidney function [30]. We
eventually added creatinine, given the consistent request by end
users. Further assessment of usability and uptake of eGFR in
practice is warranted. There were also some suggestions that
did not result in changes to the CDS. Although 1 suggestion
was to list patient medications, we did not choose to do this
because of concern related to a conflicting code of too much
information. We also encountered some suggestions for which
we had difficulties with changing the CDS. The biggest
limitation in usability was the difficulty with using the order
button; problems with this button resulted in some providers
not ordering an ACE inhibitor even when they had intended to
do so. However, this button was part of the native functionality
of the vendor’s EHR alert, and we were advised by our
information technology department that the display of the order
button was not configurable.

Limitations
A number of limitations should be considered in the
interpretation of the results. First, the study was based in 1
institution and using a single EHR, so results may not be
generalizable. Second, usability testing took place in a laboratory
setting rather than in the context of the hospital and during a
typical workday. As a result, the providers’ experience with
usability, and particularly the fit of the CDS tool within their
workflow, may not mimic the true clinical setting.
Unfortunately, it was not practical to perform usability testing
in a true inpatient setting, given the nature of care in the hospital:
providers are dealing with multiple patients, dealing with
multiple issues, and working in multiple locations at any given
time. As a result, hospital-based CDS systems are not triggered
at an exact time or place in the workday and, therefore, real-time
usability testing is only possible by shadowing providers around
for many hours, which was not feasible in the context of this
study. To assess usability in clinical practice, we plan to
interview providers following implementation; nonetheless,
interviews will have to occur after use rather than in real time
because of these limitations in working in an inpatient setting.
In addition, we plan to quantitatively measure the response rates
by all providers for whom these alerts are triggered in a
real-world clinical setting. Third, we interviewed a total of 12
providers. This number was based on reaching thematic
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saturation, and previous studies have suggested 8 to 10
interviews to be sufficient for usability testing [15]. However,
our sample was insufficient to determine differences in provider
responses by specialty, and our sample may not be representative
of providers at NYU Langone Health. Fourth, this study focused
on providers who actually place orders in the inpatient system.
Attending physicians, although not placing orders, have a
significant influence on the care plan and may also benefit from
CDS interventions. We hypothesize that attending providers or
consultants may have preferences for CDS formats that are
similar to supervising residents, although this hypothesis
requires further research.

Conclusions
In one of the first evaluations of comparative usability of
interruptive and noninterruptive alerts, we found that there is a
trade-off between optimizing visibility and limiting distractions
from a current task for interruptive and noninterruptive versions
of a CDS. Maximizing the fit of CDS into the workflow is a
key element for usability. A potential approach to increase fit
into workflow may be to target alert timing and format based
on the individual provider role. Whether such an approach leads
to an increased uptake in clinical practice needs further
evaluation.
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Abstract

Background: Despite efforts to improve patient outcomes, major morbidity and mortality remain common after surgery. Health
information technologies that provide decision support for clinicians might improve perioperative and postoperative patient care.
Evaluating the usability of these technologies and barriers to their implementation can facilitate their acceptance within health
systems.

Objective: This manuscript describes usability testing and refinement of an innovative telemedicine-based clinical support
system, the Anesthesiology Control Tower (ACT). It also reports stakeholders’ perceptions of the barriers and facilitators to
implementation of the intervention.

Methods: Three phases of testing were conducted in an iterative manner. Phase 1 testing employed a think-aloud protocol
analysis to identify surface-level usability problems with individual software components of the ACT and its structure. Phase 2
testing involved an extended qualitative and quantitative real-world usability analysis. Phase 3 sought to identify major barriers
and facilitators to implementation of the ACT through semistructured interviews with key stakeholders.

Results: Phase 1 and phase 2 usability testing sessions identified numerous usability problems with the software components
of the ACT. The ACT platform was revised in seven iterations in response to these usability concerns. Initial satisfaction with
the ACT, as measured by standardized instruments, was below commonly accepted cutoffs for these measures. Satisfaction
improved to acceptable levels over the course of revision and testing. A number of barriers to implementation were also identified
and addressed during the refinement of the ACT intervention.

Conclusions: The ACT model can improve the standard of perioperative anesthesia care. Through our thorough and iterative
usability testing process and stakeholder assessment of barriers and facilitators, we enhanced the acceptability of this novel
technology and improved our ability to implement this innovation into routine practice.
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Introduction

The last several decades have brought major advancements in
the safety of anesthetic techniques and therapeutics. However,
patients undergoing surgery continue to experience persistent
and significant risks of major morbidity and mortality following
their operations [1]. Some of these risks are unavoidable and
either inherent to the nature of the surgical procedure or
attributable to patient characteristics not immediately modifiable
[2-4]. However, many factors that impact a patient’s immediate
and long-term health can be influenced by the anesthesia care
team [5-8]. Clinical decision support systems can optimize
management of these factors, leading to improvement in
intraoperative parameters such as hemodynamics [9], ventilator
and fluid management [10], and blood glucose control [11,12].
Such systems are particularly useful for members of the
anesthesia care team [13,14], who, like all medical practitioners,
have known limitations in their cognitive abilities [15-17] and
yet are often inundated with an overwhelming amount of
information. Practitioners may see alarms as frequently as every
3 minutes and even more frequently during induction of
anesthesia and emergence from anesthesia. Although the
majority of alarms might appear clinically irrelevant, a small,
critical percentage require immediate intervention [18]. Given
the known limits of human cognitive abilities, there is a pressing
need for decision support systems that improve clinicians’
abilities to rapidly assess situations and act appropriately in a
timely manner [13,14].

Decision support systems provide an opportunity to impact
provider behaviors and patient outcomes in a broad range of
clinical settings [19-21]. However, these interventions may fail
to meaningfully influence patient care if they are not acceptable
to the relevant end users [22]. Successful systems are those that
achieve high levels of usability [23,24] by meeting thresholds
for efficiency, effectiveness, and satisfaction [25-27] in the
actual environment in which they will be used [22,28,29].
However, even a usable, well-designed intervention may fail if
barriers to its integration into existing workflow patterns have
not been considered [29,30]. The assessment of such barriers
is particularly important in the setting of clinical trials [31,32],
in which the delivery of an intervention is dependent on changes
in behavior across many groups of individuals working in
complex systems.

At our institution, we developed a novel telemedicine-based
decision support intervention for the operating room called the
Anesthesiology Control Tower (ACT), described in Multimedia
Appendix 1 and elsewhere [33]. In the ACT, clinicians use
several electronic health records (EHRs) to monitor surgical

patients in real time and respond to clinical alerts generated by
a customized version of a decision support software device
called AlertWatch (AlertWatch LLC). This software system,
modified in response to the testing described in this manuscript
to create an AlertWatch Tower Mode, is a monitoring and
alerting program that integrates information from patient
monitors and EHRs. After analyzing the data, the program
determines and displays the current patient state and generates
alerts based on the incoming variables (Multimedia Appendix
1). A key component of the ACT is the presence of trained
clinicians who are able to process these alerts. Just as an air
traffic control tower monitors individual aircraft and delivers
additional information and alerts to the pilot and copilot, the
ACT functions as a clinical support system for teams of
anesthesia clinicians, engaging with them to assist in providing
safe, effective, and efficient care for their patients [34]. The
ACT is currently being evaluated in the form of a
proof-of-principle pragmatic trial [NCT02830126] [35].

The successful execution of complex health interventions such
as the ACT demands an understanding of the usability of the
intervention and any barriers and facilitators to its acceptance.
Therefore, we designed this study to evaluate the ACT from
the perspective of two groups of key stakeholders: those who
deliver and those who receive the ACT support. Specifically,
we aimed to determine whether the ACT adequately addressed
goals for functionality and usability for end users. We also
sought to identify barriers and facilitators to implementation of
the ACT into routine clinical practice. We used these findings
to modify the ACT based on user feedback.

Methods

Study Design
Three phases of testing were designed to determine the extent
to which the different aspects of the ACT prototype met the
needs of end users (see Table 1). A full description of the study
protocol was previously published by our group [33]. Two
phases of pragmatic mixed-method usability analyses [36-40]
were conducted with ACT clinicians. These phases evaluated
the entirety of the ACT structure and its software components.
In the third phase of testing, semistructured interviews were
conducted with operating room (OR) clinicians to identify
barriers and facilitators to implementation of the ACT and obtain
basic usability data. The results from testing phases were
intended to guide iterative changes to the ACT structure and
software, in particular the AlertWatch Tower Mode platform.
Decisions to modify any component of the pilot ACT during
the testing period were determined by the investigative team
through review of participant feedback.
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Table 1. Description of testing stages.

Outcome measuresEligible participantsaDescriptionStage of testing

Structured think-aloud usability

sessions with ACTb clinicians

Phase 1 •• Task performance dataAttending anesthesiologists
• •Resident anesthesiologists Standardized questionnaires

• Utterance data

Near-live usability testing with ACT
clinicians

Phase 2 •• Task performance dataAttending anesthesiologists
• •Resident anesthesiologists Standardized questionnaires

Semistructured interviews with op-
erating room clinicians

Phase 3 •• Barriers and facilitators to implementationAttending anesthesiologists
• Resident anesthesiologists
• Certified registered nurse anesthetists

aOnly physician anesthesiologists were eligible for participation in phase 1 and phase 2 based on the preliminary staffing model for the ACT.
bACT: Anesthesiology Control Tower.

Participants
Participants were recruited from a single academic medical
center using standardized emails distributed to the departmental
listserv. All participants completed informed consent prior to
study activities, consistent with the protocol approved by the
Washington University in St. Louis Institutional Review Board
(IRB #201611035). The target sample size for each round of
testing was 8 to 10 participants based on guidelines for cognitive
usability testing [41]. Based on an initial, physician-only staffing
model for the ACT, only attending and resident physician
anesthesiologists were eligible for participation in phase 1 and
phase 2. All OR clinicians (physician anesthesiologists and
certified registered nurse anesthetists [CRNAs]) were eligible
to participate in phase 3.

Study Procedures

Usability Testing
Phase 1 was an exploratory think-aloud usability analysis with
the two groups of clinicians who were eligible to staff the ACT
(ACT clinicians). It aimed to identify major surface-level
usability problems with the different components of the ACT
[42], including orientation and help documents prepared by the
research team, individual software components, and physical
equipment and layout. A research team member was present in
the room to moderate each session. Participants had 20 minutes
to load the AlertWatch Tower Mode software in addition to the
hospital’s standard perioperative software programs, including
the general EHR and the anesthesia information management
system. They were instructed to address as many AlertWatch
Tower Mode alerts as they could while voicing their thoughts
and actions aloud [43]. Participants were prompted if 20 seconds
elapsed without verbalization. If participants experienced a
critical usability problem that prevented the session from
continuing, the moderator provided the minimum amount of
prompting that allowed the session to proceed. Sessions ended
with structured debriefing sessions.

All think-aloud sessions were audio recorded and transcribed
manually by a professional transcription service. Debriefing
sessions were also transcribed when a recording was available.
Transcripts were verified by the research team. At the end of
each session, participants completed the quantitative usability
and workload measures System Usability Scale (SUS) [44],

Computer System Usability Questionnaire (CSUQ) [45], and
NASA Task Load Index (NASA-TLX) [46].

Phase 2 consisted of usability testing of the ACT within its
intended, real-world setting. No study personnel were present
for this testing. Participants used the same suite of software
programs as in Phase 1 to monitor surgical patients in real time
and address the AlertWatch Tower Mode alerts. They did not
interact with clinicians in the ORs. A secure server captured
and stored a log of all alerts and participant responses. Testing
sessions were of one business day duration. Based on the
anticipated staffing model for the intervention, attending
anesthesiologists participated one day at a time on days in which
they were not assigned to the surgical ORs. Resident
anesthesiologists participated for 10 consecutive business days
as part of a formal 2-week rotation during their final year of
clinical training. All participants completed the SUS [44], CSUQ
[45], and NASA-TLX [46]. Attending anesthesiologists
completed the questionnaires every day that they were in the
ACT. To minimize the degree to which resident
anesthesiologists were biased by their previous questionnaire
responses, they only completed the surveys 3 times over the
course of their rotations rather than on a daily basis.

Clinician Interviews
Phase 3 involved semistructured interviews with clinicians who
were potential recipients of ACT feedback. After an initial
orientation to the ACT, participants were prompted to provide
their initial impressions of the intervention. Subsequently, a
research team member presented six examples of scenarios for
which participants were instructed to imagine themselves as the
actual recipient of ACT feedback in each scenario. Five of the
scenarios involved clinical alerts; the final scenario included a
billing alert. After participants verbalized their initial reaction,
the team member used a short series of open-ended questions
to obtain input about the usefulness of each individual alert as
well as the preferred delivery mode (eg, text, page, phone call).
A debriefing session used open-ended questions to ascertain
participants’ final impressions of the ACT and their feedback
on specific components of the ACT intervention. All interview
sessions were audio recorded and professionally transcribed,
with transcriptions verified against the original audio recordings.
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Data Analysis

Quantitative Analysis
Participant characteristics from all three phases were analyzed
using descriptive statistics. In phase 1, the frequency with which
participants experienced a critical usability issue that required
an intervention to continue the session was determined.
Performance measures for the two ACT clinician usability
testing phases were summarized with mean and standard
deviation. These measures included time to task completion
(phase 1) and quantity and rate of task completion (phases 1
and 2) [36,47]. For phase 2 testing, performance measures were
analyzed across iterations of the software platform. Subjective
measures of usability and workload in phases 1 and 2 were
summarized with mean scores for the SUS and standard
deviation for the CSUQ and NASA-TLX. Results from these
surveys were compared between attending and resident
physicians and between initial and repeat testing sessions. As
a measure of participant satisfaction with the built-in software
alerts, the percentage of alerts in phase 1 and phase 2 that were
classified as significant or potentially significant was
determined. Statistics were calculated using SPSS Statistics for
Macintosh (IBM Corp).

Qualitative Analysis
Research team members used NVivo 12 software (QSR
International Pty Ltd) to perform a qualitative content analyses
of the ACT clinician think-aloud sessions and the OR clinician
semistructured interviews. They analyzed transcripts in order
to identify themes regarding the usability of the ACT (phase 1
ACT clinician sessions) and barriers and facilitators to its
implementation (phase 3 OR clinician interviews). First, one
researcher (TM-T) generated separate codebooks for each set
of qualitative data (see Multimedia Appendix 2), and additional
team members (AC, MB, and MP) helped refine them. Two
researchers (TM-T and AC) double-coded transcripts until a
kappa of at least .75 and percentage agreement of at least 97%
had been obtained. Four transcripts from phase 1 and three
transcripts from phase 3 were double coded. Subsequently these
researchers coded the remaining transcripts independently. If
consensus could not be reached during coding, a third team
member (MP) reviewed the categorization.

Qualitative content analysis for phase 1 usability testing began
with segmentation of the verbal data and ended with
interpretation [48]. The final coding scheme (Multimedia
Appendix 2) contained seven previously employed think-aloud
content domains [49-54]. Analyses of the semistructured
debriefing sessions focused on 2 of the 7 content domains (user
experience, redesign proposal). In the final round of analyses,
usability problems and redesign proposals were extracted from
the transcripts [52,54]. Individual problems were placed into 1
of 4 categories (navigation, content, functionality, and layout;
Multimedia Appendix 2). Redesign proposals were similarly
grouped and compared with the themes from the usability
problem set.

The analysis for phase 3 consisted of a qualitative usability
analysis and thematic analysis. During this phase, one team
member (TM-T) reviewed transcripts to explore participants’

evaluation of the usefulness of the ACT in each individual
clinical scenario in addition to the communication preferences
of the participants. We based the thematic analysis on the
theoretical domains framework that has demonstrated utility in
examining constructs related to behavior change in a variety of
health care settings [29,55-58]. After coding was complete, the
researcher (TM-T) reviewed all utterances and created belief
statements that captured meaningful themes within each domain
[59]. These belief statements were summarized across
participants and reviewed by two other team members (AC and
MP).

Results

Participant Characteristics
Table 2 shows the characteristics of the participants at each
stage of the testing process. A total of 32 clinicians participated
over the course of all phases of testing. Eight attending and
seven resident physician anesthesiologists participated in phase
1 testing; six attending and eight resident physician
anesthesiologists participated in phase 2. Four attending
physicians and six CRNAs participated in the semistructured
OR clinician interviews. Resident physicians were also recruited
for these interviews; however, due to challenges related to
scheduling, no resident physicians were able to participate in
the sessions.

Quantitative Data
Participants evaluated an average of 7.25 patients and addressed
an average of 11.5 alerts per session during the phase 1
think-aloud usability sessions. During the phase 2 real-world
testing, participants evaluated an average of 54.9 unique patients
per day and addressed an average of 176 alerts across all
platforms. Of the alerts addressed each day in phase 2, on
average 40.3% (50/124) of them were repeat alerts—that is, one
specific alert that triggered repeatedly for a single patient during
a single operation.

The mean overall score for the SUS across all phase 1 and phase
2 sessions was 66.3, below the threshold of 70 that indicates a
sufficient level of satisfaction [60]. The score tended to be higher
during testing sessions that were repeat sessions versus the
initial session (70 [SD 15] vs 62.6 [SD 16]) and for resident
physicians versus attending physicians (70.3 [SD 14.9] vs 62.9
[SD 16.3]). Workload as measured by the NASA-TLX followed
a similar pattern; lower workload was measured during repeat
testing sessions (46.5 [SD 15.3] vs 53.2 [SD 18.3]) and among
resident physicians versus attending physicians (50.1 [SD 12.9]
vs 58.5 [SD 19.7]). No significant differences were found in
CSUQ total or subscale scores between any testing conditions
or participant roles. With regard to participant satisfaction with
the specific software-generated alerts, participants determined
that only 27.05% (680/2513) of the alerts generated by the first
iteration of the platform were actually clinically significant or
potentially significant. In subsequent iterations of the platform,
this proportion of clinically useful alerts improved to more than
half to three-quarters of all software-generated alerts (range
56.00% [933/1666] to 73.05% [1640/2245]).

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e12155 | p.128http://humanfactors.jmir.org/2019/2/e12155/
(page number not for citation purposes)

Murray-Torres et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Table 2. Characteristics of participant groups.

Certified registered nurse
anesthetists (n=6)

Resident anesthesiologists
(n=10)

Attending anesthesiologists
(n=16)

Characteristics

   Participants at each phasea (n)

N/Ac78Phase 1 ACTb clinician think-aloud sessions

N/A86Phase 2 ACT clinician real-world testing

604Phase 3 ORd clinician interviews

3.9 (3-4)11.8 (3-22)6.6 (0.75-21)Years at institute, average (range)

   Sex, n (%)

3 (50)5 (50)10 (63)Male

3 (50)5 (50)6 (38)Female

   Baseline AlertWatch use, n (%)

1 (17)2 (25)1 (6)Almost always

2 (33)3 (33)6 (38)Sometimes

3 (50)2 (25)8 (50)Rarely or never

aThere was an overlap of nine participants between phase 1 and phase 2 and two participants between phase 2 and phase 3. No participants overlapped
between phase 1 and phase 3.
bACT: Anesthesiology Control Tower.
cN/A: not applicable.
dOR: operating room.

Qualitative Data

Usability Problems
A total of 155 usability problems were identified in the phase
1 transcripts (Table 3), the majority of which were related to
functionality (57/155, 36.8%) and content (53/155, 34.2%),
followed by navigation (29/155, 18.7%) and layout (16/155,
10.3%). Three participants experienced a critical usability issue
that required an intervention on the part of the research team
member in order to continue in the session. Two of these
participants were unable to locate the help documents that
provided instructions on how to access the software programs,
and the third participant loaded the wrong software platform.
All three participants were able to continue in their sessions
once the researcher pointed out the location of the help
documents on the computer desktop.

The remaining usability problems were associated with delays
in task performance or had minor effects on the testing session.
Many users had difficulty both in understanding the meaning
or relevance of the software-generated alerts (8/15, 53%) and
determining the alert severity or priority (7/15, 46%). Some
(7/15, 46%) noted being distracted by what they viewed as
irrelevant or repeated alerts, and a few (3/15, 20%) reported
being overwhelmed by the sheer number of alerts that they
faced. Most clinicians reported limitations in their ability to
address alerts and monitor patients due to poor interoperability
and lack of integration of the different software programs (6/15,
40%) as well as slow response times for the software programs
themselves (7/15, 46%). The fewest usability problems were
associated with layout and were focused on participants’
inability to move applications to the preferred of three monitors
(3/15, 20%) or resize the program windows (2/15, 20%).

Redesign Proposals
Redesign proposals or suggestions for improvements were
described by 12 of the 15 participants, with a total of 51
proposals reported from all participants. The proposals were
often associated with the usability problems that participants
encountered. Examples of these redesign proposals are provided
in Multimedia Appendix 3. The majority of proposals were
related to content (32/51, 63%) and included suggestions for
improving alert relevance (13/51, 25%) and alert prioritization
(9/51, 18%). Seven iterations of the AlertWatch Tower Mode
platform (described in Multimedia Appendix 4) were tested
during the trial and reflected the proposals generated by
participants. The alterations included refinements in the visual
display and presentation of information and changes in alert
content and prioritization (shown in Multimedia Appendix 3).

Operating Room Clinician Perspective on Usability
In phase 3, the five clinical scenarios presented to participants
were considered to be useful or potentially useful by all (10/10,
100%, for two of the scenarios) or almost all (8-9/10, 80%-90%,
for the remaining scenarios) of the participants. Clinicians often
had suggestions for how the usefulness of alerts could be
improved, and many offered additional scenarios in which they
would be satisfied with the usefulness of the ACT. Participants
generally agreed that the preferred method of contact would
depend on the clinical scenario; minor alerts could be sent
through text, page, or even through the creation of a novel
computer pop-up, whereas major alerts could be delivered by
phone. The general consensus was that in order for a method
of communication to be useful, it could not increase the
provider’s workload, distract from their current tasks, or add to
their alarm fatigue.
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Table 3. Usability problems identified in the Anesthesiology Control Tower clinician think-aloud and debriefing sessions.

Example quotationNumber reportingCategorya and theme

  Navigation

“Okay, so I have already forgotten what the heck I’m supposed to do to
respond. I need to get that thing where I can click on ‘responses’ and I
don’t remember where it is.” [Participant 2127, attending physician]

5Trouble finding link or information 

“I don’t know the difference between [two log-in options]. I don’t know
which one to do.” [Participant 2108, attending physician]

2Unable to determine which link to use 

“So here I was accidentally using the last patient we had, looking at that
patient, before I realized that I was not on the correct patient.” [Participant
2114, attending physician]

2Selected incorrect patient or operating room 

—b9Any navigation problem 

 Content

“I'm unclear as to what infusions 4.0 means—whether that means 4 differ-
ent types of infusions? ...I'm not sure what this means.” [Participant 2105,
resident physician]

8Alert meaning or relevance unclear 

“Which is worse, black or red? I’m guessing red...that wasn’t spelled out
to me, but I’m going to say yes.” [Participant 2127, attending physician]

7Difficulty prioritizing alerts 

“We are basically looking at a blank sheet with blood pressures randomly
listed. I am unable to make any sort of reasonable clinical judgment at this
point.” [Participant 2114, attending physician]

6Information not available 

“What ORc is this again? I forgot what OR it is.” [Participant 2112, resident
physician]

4Unable to identify correct patient or operating
room

 

—11Any dialogue problem 

 Functionality

“Waiting for [anesthesia information management system] to log in. Still
waiting.” [Participant 2127, attending physician]

7Poor software response times 

“I’m a little frustrated because right now it seems kind of a hassle to access
all these programs to make a simple decision.” [Participant 2110, attending
physician]

7Limited interoperability of software programs 

“[The anesthesia information management system] won't let me move it
to another screen. Looks like that is stuck on my middle screen, where
[the EHR] I was able to move from monitor to monitor.” [Participant 2106,
attending physician]

3Inability to manipulate location of software
programs on screen

 

“For some reason it does not allow me to log in or use [hospital] access.”
[Participant 2101, attending physician]

5Difficulty logging in to programs 

—13Any functionality problem 

 Layout

“I’ll have to spend a minute here trying to cover my cursor over to read
the full case...chest wall reconstruction. It’s sort of hard because it keeps
going away.” [Participant 2114, attending physician]

4Text not visible 

“I first noticed AlertWatch is off the screen a little bit, trying to see if I
can make it fit better—it doesn’t really fit.” [Participant 2103, attending
physician]

2AlertWatch does not fit 

“How do I get the big board on the big screen? On the right? By convention
it should be on the left.” [Participant 2103, attending physician]

3Physical layout (monitors) 

—9Any layout problem 

aAdapted from Zhao et al [54].
bNot applicable.
cOR: operating room.
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Barriers to Implementation
The interviews with OR clinicians in phase 3 generated 33
summary belief statements (Multimedia Appendix 5). Of these
belief statements, 20 addressed potential barriers to the ACT
implementation. Several participants questioned the necessity
of the ACT and whether there were other ways to support good
clinical care that would not require a “control tower.” Many
could imagine themselves to be frustrated or annoyed with a
poorly executed intervention (emotion). They reported that the
usefulness of even well-designed and accurate alerts could be
drastically limited if the alert were poorly timed and distracted
the clinician from meaningful patient care tasks (beliefs about
consequences).

Many participants viewed the ACT intervention as being in
actual or potential conflict with their professional autonomy as
clinicians. Several participants feared the downstream impact
of the ACT on provider satisfaction and even the department’s
ability to recruit and retain talented personnel (social
professional role and identity, social influences, beliefs about
consequences). Some also expressed apprehension regarding
the very concept of remote monitoring (social professional role
and identity) and imagined that their colleagues would feel
similarly (social influences). A few participants questioned how
the ACT would integrate into the legal structure for the provision
of anesthesia and whether it would disrupt existing relationships
between members of the anesthesia care team (beliefs about
consequences).

Attending physicians and CRNAs voiced concern that the ACT
support would be redundant, and some doubted the ability of
the ACT to provide useful information of which the provider
was not already aware. Several clinicians also imagined that
the ACT clinicians may not be able to understand a patient’s
comorbidities and anesthetic needs as well the primary team
did themselves (memory, attention, decision processes). In this
setting, they stated that the ACT could worsen their workload
if they had to take additional time to provide the missing
information that would have allowed the ACT to better
understand the patient’s situation (beliefs about consequences).
Additionally, participants worried that current limitations or
flaws in monitoring and software systems could lead to the
generation of false alarms or prevent clinicians from being able
to act meaningfully on the ACT support (environmental context
and resources). Participants identified flaws in the
communication modalities currently available at the hospital
which they envisioned leading to impairments in the ACT’s
ability to deliver timely and useful information (environmental
context and resources).

Facilitators of Implementation
Despite potential barriers to implementation, all of the clinicians
were able to identify several specific instances in which they
could see benefit from the ACT intervention. In general,
participants agreed that a timely alerting system that did not
increase their workload or interrupt patient care could be useful.
Attending physicians stated that the ACT could be useful for
them during times when they were covering multiple busy
rooms, either notifying them of acute major events or of smaller,
but still relevant, alerts in stable cases (social professional role

and identity). The ACT was also thought to be particularly
helpful for newly employed or inexperienced clinicians (social
professional role and identity, beliefs about consequences). In
true crises, participants stated that the ACT could be most useful
in helping the OR clinician to obtain additional hands-on
assistance or by reviewing electronic records for critically
relevant information that the OR team could be missing in the
midst of a dynamic clinical situation (memory, attention,
decision processes).

Almost all of the clinicians agreed that the clinical practices
described in the example scenarios were consistent with good
anesthesia practice (knowledge, nature of behavior). Most
reported that the concept of the ACT intervention was simple
to understand (knowledge). Clinicians identified patient safety
as a focus of their identity as an anesthesia provider and stated
that any interventions that enhanced this would be welcome
(social professional role and identity, beliefs about
consequences). In contrast to the clinicians who were
apprehensive regarding the concept of remote monitoring, some
participants clearly expressed willingness to incorporate the
intervention into practice at the hospital. One provider compared
the ACT to telemedicine in the intensive care unit, reporting
this as a positive factor in having another clinician watching
out for them and the patient (optimism).

Discussion

Principal Findings
In this paper, we have described a thorough and iterative
evaluation of a novel telemedicine-based intervention for the
OR from the perspective of key groups of end users. Our
findings related to usability problems and barriers to
implementation are consistent with prior studies investigating
the incorporation of novel information technologies into clinical
practice, and they allowed us to refine aspects of the intervention
prior to the initiation of a pragmatic randomized controlled trial.
Previous studies have demonstrated the necessity of
comprehensive usability testing before the implementation of
health information technologies into routine practice. As one
group of authors noted, “it would be unthinkable that the airline
industry would have its first trial of an airplane’s flight
capabilities with real passengers” [61]. The usability testing
that we performed in this study allowed us to “pilot” the ACT
prior to its implementation, enabling us to identify and mitigate
limitations arising from the technical aspects of the intervention.

Participants identified a number of surface-level usability
problems during phase 1 usability think-aloud sessions [62].
Usability problems were often related to visual displays and
software interfaces, limited availability of information, and poor
interoperability of software programs, consistent with prior
work introducing novel technologies into clinical practice
[63,64]. The phase 2 real-world usability testing provided
complementary insight into usability and workflow concerns
in a realistic environment [65,66]. Participants identified similar
concerns to those discussed during the think-aloud sessions,
such as difficulty prioritizing alerts and receiving repetitive
alerts for a single patient. The iterative changes that were made
to the ACT intervention (Multimedia Appendix 3) improved
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the interface and its interactive features [23]. The decrease in
the number of insignificant alerts reduced participants’cognitive
load and alarm fatigue [23], allowing them to focus more on
addressing clinically meaningful situations.

Although many usability problems were addressed over the
course of testing, the research team was unable to improve the
communication between the individual software programs used
by the participants. In order to understand the context of an alert
generated by the AlertWatch Tower Mode software, participants
almost always required supplementary information from the
hospital EHR and the anesthesia information management
system. This process required clinicians to manually load
individual patients into each of these different software
programs. This lack of a uniform system was a known limitation
of the EHRs at our institution at the time this study was
performed. Recently, however, our institution recently
transitioned from multiple EHRs to a single, combined platform,
and we anticipate that the change will address this limitation.

Semistructured interviews with potential recipients of the ACT
support discovered a range of beliefs related to facilitators and
barriers to implementation of the ACT similar to findings from
previous studies [30,56,58,59]. Our participants identified a
number of potential adverse consequences to the introduction
of a new technology and set of processes into routine care [67],
including concerns regarding increased work for clinicians,
unfavorable workflow issues, untoward changes in
communication patterns and practices, negative emotions, and
unexpected changes in the power structure. Some of these
barriers indicate reactance on the part of the clinicians; that is,
they experienced negative reactions as a result of threats to their
autonomy and freedom of choice [68]. In response to some of
the barriers involving professional autonomy and the social
roles and identities of the study participants, the final ACT
intervention was modified from a physician-only staffing model
to one that also incorporated the clinical expertise of certified
and student nurse anesthetists. This staffing model reflects the
current structure at our institution in which attending physicians,
nurse anesthetists, and resident physicians play important and
complementary roles in providing care to surgical patients.

Despite the number of barriers revealed during testing,
participants identified several facilitators to implementation
such as a cultural commitment to patient safety. Participants
expressed a willingness to engage with the ACT in order to
improve its applicability and usefulness in helping clinicians

adhere to high standards for patient care. Suggestions regarding
the timing and appropriateness of specific alerts were consistent
with the research team’s initial design for the ACT and were
incorporated into the final intervention.

Limitations
Results of the study should be interpreted within the context of
several study limitations. Participants worked in one academic
center that may not be representative of all health care settings.
Study participants in the different phases were not representative
of the final staffing model for the ACT. Specifically, the initial,
physician-only staffing model for the ACT led to the exclusion
of CRNAs from phase 1 and phase 2 usability testing.
Additionally, resident physician anesthesiologists did not
participate in phase 3 due to scheduling conflicts with their daily
assignments. The lack of input from CRNAs in phases 1 and 2
may have prevented us from identifying all relevant usability
problems related to the ACT intervention. However, due to
similar backgrounds and experiences with the hospital system’s
EHRs between the physician anesthesiologists and CRNAs, we
anticipate that testing with the two groups might have identified
similar usability problem themes. We did obtain feedback from
CRNAs during the semistructured interviews regarding the
usability of the ACT from the OR clinician perspective. Across
all testing phases, selection bias may have resulted in
participants who felt most strongly about the ACT intervention
being more or less inclined to participate. Finally, no
patient-related outcomes were included in this study [19];
however, an ongoing randomized controlled proof-of-principle
trial at our institution is evaluating metrics of care quality and
tracking patient outcomes.

Conclusions
This mixed-methods study explored concerns about
incorporating an innovative telemedicine-based clinical support
system into routine clinical practice. Consistent with
recommendations for assessing complex health interventions
prior to their implementation, this study conducted usability
testing and an analysis of barriers to and facilitators of
implementation based on a theoretical framework [31,32]. By
assessing not only usability but also acceptability and relevance
[22,32] for two groups of end users, we maximized the potential
of the ACT intervention to provide clinicians with the right
support, in the right format, at the right time in the care
continuum [69], thereby enhancing the ability of the ACT to
meaningfully impact patient care.
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Abstract

Background: Current anesthesia workspaces consist of several technical devices, such as patient monitors, anesthesia machines,
among others. Commonly, they are produced by different manufacturers; thus, they differ in terms of their modus operandi, user
interface, and representation of alarms. Merging the information from these devices using a single joint protocol and displaying
it in a single graphical user interface could lead to a general improvement in perioperative management. For this purpose, the
recently approved and published Institute of Electrical and Electronics Engineers 11073 service-oriented device connectivity
standard was implemented.

Objective: This paper aims to develop and then evaluate an anesthesia workstation (ANWS) functional model in terms of
usability, fulfillment of clinical requirements, and expected improvements in patient safety.

Methods: To compare the self-developed ANWS with the conventional system, a pilot observational study was conducted at
the University Hospital Aachen, Germany. A total of 5 anesthesiologists were asked to perform different tasks using the ANWS
and then the conventional setup. For evaluation purposes, response times were measured and an interaction-centered usability
test with an eye-tracking system was carried out. Finally, the subjects were asked to fill in a questionnaire in order to measure
user satisfaction.

Results: Response times were significantly higher when using the ANWS, but decreased considerably after one repetition.
Furthermore, usability was rated as excellent (≥95) according to the System Usability Scale score, and the majority of clinical
requirements were met.

Conclusions: In general, the results were highly encouraging, considering that the ANWS was only a functional model, as well
as the lack of training of the participants. However, further studies are necessary to improve the universal user interface and the
interplay of the various networked devices.

(JMIR Hum Factors 2019;6(2):e12553)   doi:10.2196/12553
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operating room; anesthesia; interconnection; networking; human-computer interaction; process optimization; intelligent alarms;
decision-support systems; 11073 SDC; service-oriented device connectivity
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Introduction

In recent decades, the development of new innovative medical
devices has led to significant improvements in patient safety,
quality of supply, and economic advantages. Conventional
anesthesia workspaces, for instance, consist of many different
technical devices, including (1) a patient monitor, which records
and displays the patient's vital parameters, such as
electrocardiogram, body temperature, blood pressure, oxygen
saturation, pulse rate, and respiratory rate; (2) an anesthesia
machine, which is used to support the administration of
anesthesia and for mechanical ventilation; and (3) syringe
pumps, which administer intravenous anesthesia. Nowadays,
all of these devices are the basis for standard patient care in
anesthesiology [1].

However, medical devices assembled for clinical applications
are usually produced by different manufacturers. They vary in
terms of their modus operandi, user interface, and representation
of alarms [2,3]. In intensive care, which represents an example
of a data-rich environment, studies have demonstrated that 80%
of user errors are a result of cognitive overload [4]. Medical
device interoperability allows the joining of all data sources
and, thus, leads to a unified presentation and control. To date,
there is a lack of a single, shared communication protocol as
well as a common interface between devices from different
manufacturers [5]. This is especially true among intelligent
decision-support systems [6], monitoring systems, and
supervision systems [7], which are becoming more and more
relevant in modern clinical practice. The fusion of all of this
important information (eg, patient data and system settings) in
a single graphical user interface (GUI) would simplify the work
of anesthesiologists and improve patient safety [8], for example,
to better determine the depth of anesthesia and to better optimize
perioperative management, including logistics [9,10]. In
addition, current patient data management systems only collect
information from a number of devices if a proprietary connector
is available.

In order to solve the issues discussed, an interdisciplinary
consortium composed of engineers, computer scientists, and
physicians from approximately 50 German organizations (ie,
research institutes, hospitals and clinics, and medical companies)
initiated the Secure Dynamic Networking in the Operating Room
and Clinic (OR.NET) research project, which was funded by
the German Federal Ministry of Education and Research (grant
number 16KT1238). Two of the main goals were to develop a
single and sophisticated protocol—the service-oriented device
connectivity (SDC) family of standards, formerly the Open

Surgical Communication Protocol—for medical device
communication, as well as a new anesthesia workstation
(ANWS), focusing at the same time on human-computer
interaction (HCI) and safety concepts [11]. The SDC standards
were developed as a general peer-to-peer interconnection
protocol for an accurate exchange of medical information (eg,
vital parameters and alarms) within operating room networks.
They were based on the Device Profile for Web Services
standard [12,13], which ensures that each device can
communicate in a service-oriented architecture with the help of
standard Web services [14,15]. Standard Ethernet is used for
system communication since it is cost-effective and supported
by the vast majority of medical devices, allowing
manufacturer-independent interconnections [11]. After several
years of research, the developed OR.NET architecture was
included in the Institute of Electrical and Electronics Engineers
(IEEE) 11073-SDC family of standards (Health
informatics—point-of-care medical device communication),
which address interoperability of medical devices and clinical
IT infrastructure [16].

In addition to technical interoperability issues, such as definition
of data and communication protocols, safety and risk
management is also part of the 11073-SDC communication
protocol extensions 10207, 20702, and 20701. They were
approved and published by the IEEE in January 2019. The
so-called safety classifications regularize the responsibility
among interconnected medical devices and software services.

The ANWS functional model was developed to demonstrate
and examine the capabilities of medical device interconnections
based on the SDC standards; the model is represented in Figure
1. Nonetheless, a common platform presents several advantages
in terms of patient safety and teamwork in the operating theater.
First, a GUI, which gathers the core information from different
sources, offers the physician a better overview of the patient’s
overall state as well as of the whole clinical setup and setting.
Secondly, interdisciplinary standard operating procedures
(SOPs) and checklists (eg, the Surgical Safety Checklist [SSC])
integrated into the ANWS contribute to a better workflow
between different medical departments, such as anesthesia and
surgery [7,17]. Thirdly, a common platform might minimize
the failure rate for documentation, while reducing the
physician’s workload as well as the number of nondigital
documents [5].

The objective of this paper is to evaluate the ANWS functional
model developed during the OR.NET research project in terms
of usability, fulfillment of clinical requirements, and expected
improvements in patient safety.
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Figure 1. The anesthesia workstation (ANWS) functional model. The interface screen consists of six main elements: (a) patient context and alarms;
(b) device panel: overview of all devices connected to the ANWS; (c) view mode selector; (d) area reserved for the selected view; (e) workflow process;
and (f) eye-tracking system.

Methods

Study Design

Overview
In order to evaluate the usability of the OR.NET ANWS, and
consequently the HCI, a study involving 5 professional
volunteers was conducted at the University Hospital Aachen,
Germany. Potential benefits of the functional model over a
conventional system were examined. Therefore, every
participant started with the OR.NET setting, followed by the
conventional setup a few weeks later. During a total hip
arthroplasty (ie, total hip replacement) surgery simulation, the
usability of both systems was evaluated by measuring the
usability criteria (ie, effectiveness, efficiency, learnability, and
user satisfaction); criteria were measured by (1) using the
response time and (2) applying the think-aloud method. Thinking
aloud is often used in usability testing by asking the participants
to say whatever comes into their mind while performing certain
tasks. This method enables insights into the participant’s
cognitive processes, including perception, doing, and feeling
[18,19]. For the evaluation of the ANWS, further factors based
on eye tracking were examined, such as (1) detection of
“vampire effects” (ie, when eye catchers draw away and
consume the user’s attention) [20]; (2) hidden affordance (ie,
when the functionality and intended use of a particular control
are not intuitive); and (3) areas of interest [18,19]. At the end
of the study, the participants were asked to rate some important

features of the ANWS, for example, automatic documentation,
compilation of all alarms, and decision-support system.

Anesthesia Workstation

Overview

The ANWS was installed on a desktop computer with the
following properties: Quad-Core i5 CPU, 8 GB RAM, 250 GB
solid-state drive, and a Radeon R7 200 dedicated graphics card
with 1 GB graphics double-data rate type 5 memory. It was
started as a stand-alone executable based on the .NET
Framework 4.6 and OpenStackClient C# library (OSCLib C#),
version 0.97_09 (SurgiTAIX AG).

Simulator

An OR.NET-SDC device simulator (Ilara GmbH) was used
during the study to simulate measurements and output data for
the following medical devices: syringe pump, patient monitor,
and anesthesia machine. Thus, predetermined clinical scenarios
could be reproduced. The simulator transmitted scheduled
numerical data (eg, heart rate, blood pressure, and oxygen
saturation) as well as physiological waveforms (eg,
electrocardiography and respiratory curves) inside the network.
In addition, it was able to respond to external commands; these
were used to set parameters in the simulated devices (eg,
infusion rates of syringe pumps). It was started as a stand-alone
executable based on Microsoft Office 2016, .NET Framework
4.5, and OSCLib C#, version 0.96_00. The ANWS and the
simulator were connected using the SDC through an internal
network on the test computer.
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Eye Tracking

To monitor the users’ behavior (ie, the users’ visual attention
on user interface elements), we used an eye-tracking camera
system—Gazepoint GP3 HD with Gazepoint Analysis and
Gazepoint Control recording software, version 3.5 (Gazept).
This was installed below the external monitor, as displayed in
Figure 1. Eye-tracking videos and eye-tracking measurements
were recorded with approval from the participants. In addition,
the desktop window was also acquired using the Gazepoint
Analysis software.

Audio Acquisition

The subjects were asked to report or express every single
thought while solving the tasks (ie, think-aloud method). During
the study, an audio record was created for future analysis. Here,
the microphone from the LIVE! Cam Chat HD webcam
(Creative) was used.

Study Tasks

In the first phase, the participants had to carry out 42 tasks. As
described in Table 1, a total of 33 tasks were identical for both
study phases. To test additional features of the ANWS, nine
further tasks were carried out. In general, they consisted of

looking up a value displayed on the ANWS as well as setting
new parameters, such as flow rate of syringe pumps and positive
end-expiratory pressure (PEEP) of the anesthesia machine. Table
1 describes the tasks performed by the subjects during this
usability study.

Questionnaire

At the end of the study, each participant filled in a survey that
included questions about sociodemographic aspects, technical
expertise, motivation, study conditions, and features tested. For
each tested feature of the ANWS (see Table 2), the System
Usability Scale (SUS) developed by John Brooke [21] was used
to assess the user’s opinion. To calculate the SUS, 10 specified
questions were rated using a 5-point Likert scale ranging from
1 (strongly disagree) to 5 (strongly agree). Whereas the rates
of the positively formulated questions were subtracted by 1,
resulting in a score from 0 to 4, the rates of negatively
formulated questions were subtracted from 5, also resulting in
a score from 0 to 4. Finally, all 10 scores from the
questions—five positively formulated and five negatively
formulated—were summed and multiplied by 2.5. The results
were graded from A to F and compared to acceptability ranges
and adjective ratings, as illustrated in Figure 2 [21,22].

Table 1. Tasks carried out by the subjects in both study phases.

Number of repetitionsStudy phaseTask

1ANWSaSelect type of surgery and load respective workflow

1ANWSCustomize workstation window

4ANWSUpdate workflow process

4ANWS, Cb (PMc)Read blood pressure

3ANWS, C (PM)Read temperature

7ANWS, C (PM)Read oxygen saturation

2ANWS, C (PM)Read heart rate

4ANWS, C (AMd)Read airway pressure

1ANWS, C (AM)Read fraction of inspired oxygen

1ANWS, C (AM)Read respiratory minute volume

1ANWS, C (AM)Read respiratory compliance

2ANWS, C (AM)Set positive end-expiratory pressure (ie, respirator parameter)

4ANWS, C (SPe)Set infusion flow rate

3ANWS, CFetch and complete Surgical Safety Checklist

1ANWS, CConsider a pulmonary embolism

2ANWSSwitch workspace view

1ANWSCheck for intelligent alarms

42 (ANWS); 33 (C)ANWS, CTotal tasks

aANWS: anesthesia workstation.
bC: conventional setting.
cPM: patient monitor.
dAM: anesthesia machine.
eSP: syringe pump.
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Table 2. Overview of all features integrated into the anesthesia workstation and respective descriptions.

DescriptionTestedFeaturea

Possibility of saving all information provided by a service-oriented device connectivity-compat-

ible device inside the OR.NETb network, including meta information, through the ANWSc.

NoAutomatic documentation

Alarms provided by any anesthesia-related device (eg, syringe pump, anesthesia machine, and
patient monitor) are collected and displayed in the ANWS.

NoCompilation of all alarms

Bidirectional control of devices (eg, anesthesiologists can control surgery devices and surgeons
can control anesthesia equipment).

NoControl devices from other departments

Capability to integrate several or even single measures or parameters in any connected device
(eg, to display the current blood pressure, measured by the patient monitor, in the surgical micro-
scope).

NoDisplay content from other departments

Enables (eg, control of) diverse surgical devices using a single universal footswitch, button, or
joystick.

YesCross-device interaction

Context-adaptive hints and suggestions are displayed based on the currently ongoing surgical
intervention, the actual workflow step, eventual patient-related problems, etc.

YesDecision-support system

All alarms are classified as medical or device-associated (ie, technical) alarms.NoSegregated alarms

Display of the Surgical Safety Checklist as an integrative part of the surgical workflow.YesSurgical Safety Checklist

Fusion of information from several devices in a single graphical user interface.YesUnified surface

Generation from a workflow based on previous data (ie, database). After each step, the process
is updated automatically or manually, enabling significantly improved (ie, predictive) planning.

YesWorkflow management

aAll features were subjectively rated; five of those were additionally included in a user test scenario.
bOR.NET: Secure Dynamic Networking in the Operating Room and Clinic.
cANWS: anesthesia workstation.

Figure 2. System Usability Scale (SUS) scores. Graphical overview of the adjective ratings, acceptability scores, and school grading scales, in relation
to the average SUS score. Figure adapted from Bangor et al [22].

Finally, participants were asked to prioritize the tested features
according to the relevance in their daily work. Furthermore,
they were requested to compare the OR.NET ANWS with
common or conventional systems in terms of personal preference
and impact on patient safety.

Conventional System
In the conventional phase, the subjects were asked to carry out
33 tasks (see Table 1). These consisted of looking up a value
displayed on one of the devices (eg, blood pressure, temperature,
and heart rate) or of setting one of these parameters (eg, flow
rate of syringe pumps or PEEP). Note that these tasks were the
same for the OR.NET and the conventional systems.

In this evaluation, participants used a Julian anesthesia machine
(Draeger Medical), a Perfusor Space syringe pump (B Braun),
a Datex-Ohmeda AS patient monitor (General Electric), and a
filing folder including the printed SSCs for the three operation
phases: (1) sign in: before induction of anesthesia; (2) time out:
before incision of the skin; and (3) sign out: before the patient
leaves the operating room. The SSCs contained the same items

as those implemented in the ANWS workflow management. A
high-end simulator room at the University Hospital Aachen
(AIXTRA) was used to measure the time spans for the same
participants carrying out the tasks using conventional machines
[23]. For comparison purposes, the response times were
measured. Figure 3 illustrates the study setup.

Study Participants
All 5 subjects—aged 30-42 years; 3 females (60%) and 2 males
(40%)—participated in this study voluntarily. The group was
composed of anesthesiologists—2 assistant physicians (40%)
and 3 consultant anesthesiologists (60%)—from the Department
of Anesthesiology of the University Hospital Aachen. The group
was heterogeneous regarding practical experience: 3 physicians
(60%) had more than 5 years of experience; 1 (20%) had 3-5
years of experience; and 1 (20%) had 1-2 years of experience.
None of them had any knowledge of the study scenario or tasks.
Only 1 (20%) of the participants had seen the GUI design of
the ANWS before, without any connection to the study scenario
or tasks. According to the guidelines of the ethics committee,
no formal approval was necessary to conduct the study.
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Figure 3. Illustration of the study setup: (a) patient monitor, (b) anesthesia machine, (c) syringe pump, and (d) patient simulator.

Data Analysis
The primary outcome parameters in this study were the response
times and the capability of the subjects in successfully solving
each task. As previously discussed, eye tracking was used in
this study. The first aim was to identify elements that distracted
attention from more important information, known as “vampire
effect.” The second aim was to find elements with a hidden
affordance. Lastly, eye-tracking information was essential to
find areas of interest as well as hitherto unknown impacts or
suggestions for improvements.

Using the think-aloud method, it was possible to achieve a better
understanding of the participant’s line of thought, reasons for
the occurrence of problems or misunderstandings, if applicable,
and to identify potential further improvements to the system.

The questionnaire, in turn, was used to track background
knowledge and motivation. Information on technical know-how
and work experience was requested in order to determine the
actual impact of each participant on the study, including a
possible halo effect (ie, form of cognitive bias arising from an
overgeneralization, such as a limited amount of evidence, the
influence of preconceived beliefs, or a priori hypotheses; it is
particularly prone to occur among participants who are
enthusiastic about technology) [24]. With support from the
questionnaire, SUS scores were calculated for the tested features:

decision-support system, workflow management, SSC,
customizable GUI, and cross-device interaction.

Statistical Analysis
Statistical analysis was performed using SPSS Statistics for
Windows, version 22.0 (IBM Corp). Normal distribution was
analyzed with Kolmogorov-Smirnov and Shapiro-Wilk tests.
When detecting significance in the comparison of means (ie,
between the conventional and OR.NET settings), the
Mann-Whitney U test and the Wilcoxon signed-rank test were
used. A P value <.05 was considered statistically significant.

Results

Questionnaire: Part A
Table 3 presents the results for the first part of the questionnaire.
In general, all 5 participants were enthusiastic about new
technologies and used them in their daily life. They classified
their technical knowledge as normal or proficient. The great
majority (4/5, 80%) agreed that they quickly become used to
new technologies and that these make their lives easier. The
subjects reported a daily use of mobile phones. The great
majority used a tablet (3/5, 60%) and a PC or notebook (4/5,
80%) daily or at least several times a week. Interestingly, some
users had already had some private and professional experience
with other smart devices, such as smart watches and smart
glasses.
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Table 3. First part of the questionnaire.

Scorea, median (min, max)Questions and responses

Technological use

4 (4, 4)I often use technical innovation in everyday life.

1 (1, 2)I’m skeptical of new technologies.

4 (3, 4)I often use technical innovations to make my life easier.

4 (3, 4)I quickly get used to using new technologies.

4 (3, 4)I can easily use new technologies.

1 (1, 2)I don’t like surgical robots in medicine.

4 (2, 4)In general, more technology should be used.

1 (1, 2)New technologies endanger society.

I use...

4 (4, 4)A smartphone (private)

4 (4, 4)A smartphone (work)

3 (2, 4)A tablet (private)

3 (2, 4)A tablet (work)

4 (1, 4)A notebook or PC (private)

4 (1, 4)A notebook or PC (work)

1 (1, 4)Another device; private (eg, smart glasses or smart watch)

2 (1, 3)Another device; work (eg, smart glasses or smart watch)

Study participation

1 (1, 1)Scientific studies do not support health care delivery and outcomes.

1 (1, 3)I expect a compensation or reimbursement for expenses.

1 (1, 3)Personally, I do not find questionnaires useful for gathering information on individual or collective perspectives.

3 (2, 4)I participate in studies to learn.

Test conditions

1 (1, 3)I felt great pressure to perform.

1 (1, 1)I felt excessively challenged.

2 (1, 2)I was stressed.

4 (3, 4)My motivation was high.

4 (3, 4)I was focused.

aScores were as follows: 0 (no statement), 1 (disagree), 2 (rather disagree), 3 (rather agree), and 4 (agree).

All participants (5/5, 100%) agreed that such studies might
improve health care delivery and outcomes. In fact, most of the
volunteers wanted to participate in order to learn more (4/5,
80%) and did not expect any compensation or reimbursement
for expenses (4/5, 80%). In addition, they considered the
questionnaires to be helpful for gathering information on
individual and collective perspectives.

Regarding the study itself, the participants did not feel pressured,
stressed, or challenged. Instead, they were highly motivated
and focused in trying to solve the tasks. In fact, 2 physicians
(40%) had gained experience in telemedicine through the
emergency medical service in Aachen, Germany [25,26]. In
addition, 1 (20%) anesthesiologist was involved in configuring
and implementing a decision-support system in an intensive
care unit.

Response Time
One of the first tasks in this study consisted of finding the
correct SOP. In the ANWS setting, the SOP was automatically
generated by the decision-support engine with no delay and was
embedded in the workflow management. However, in the
conventional setting, the volunteers required 26.8 seconds to
accomplish the task.

As described in Table 1, the subjects were asked in some cases
to repeat the same task (ie, nonconsecutive repetitions). In the
first round of questions, the time required to read out medical
parameters was significantly lower when using the conventional
setting (see Figure 4a). The response time was 1 second
(interquartile range [IQR] 0-3) for the conventional setting and
2.5 seconds (IQR 0.75-4.25) for the ANWS setting (P=.04). A
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significant decrease in response time was observed directly at
the first repetition as depicted in the box plot of Figure 4a. In
both phases, it was smaller than 1 second. Interestingly, no
difference between groups (ie, phases) was found.

When the subjects were advised to set the PEEP in the anesthesia
machine and in the workstation for the conventional and ANWS
setting, respectively, the same phenomenon was observed (ie,
they required less time when using the conventional approach:
conventional, 2 seconds [IQR 2-3]; ANWS, 3 seconds [IQR
3-4]; P=.03). The box plot of Figure 4b compares both methods.
In the first repetition, the response time for the conventional
system did not change: 2 seconds (IQR 2-3). In turn, a decrease
in response time for the ANWS setting was observed: 2 seconds
(IQR 1-2). Here, the P value was .52. In this case, a learning
effect with decreasing response time was observed for the
ANWS: 3 seconds (IQR 3-4) versus 2 seconds (IQR 1-2; P=.35).
This was not observed for the conventional setting: 2 seconds
(IQR 2-3) versus 2 seconds (IQR 2-3; P=.66).

As represented in Figure 4c, the same trend was not visible
when setting the flow rate of the syringe pump. In the first try,
the subjects accomplished the task within 7 seconds (IQR 6-7)
and 12 seconds (IQR 3-14; P=.60) using the ANWS and the
conventional system, respectively. As expected, the response
time decreased significantly in further repetitions, especially
for the conventional setting; the median was 4 seconds (IQR
3-6.75) for the conventional setting and 4 seconds (IQR 3-4.75)
for the ANWS setting (P=.72).

During the implantation of prosthetic sockets in total hip
arthroplasties and in surgeries in general, several complications
may occur. Within the surgery simulation, a pulmonary
embolism was mimicked (see Table 1). The intelligent alarm,

integrated in the ANWS, notified the anesthesiologist
immediately about the potential occurrence of this particular
complication due to changes in vital signs. During the
conventional trial, 6.8 seconds (IQR 2-10) elapsed before
participants detected the complication.

Eye Tracking and the Think-Aloud Method
All areas of interest were identified by each participant.
However, the usability study demonstrated that improvements
in some elements of the GUI were still necessary. When starting
the surgery workflow, the button used to select the patient and
the corresponding operation, in this case a total hip arthroplasty,
showed a clear case of hidden affordance. Furthermore, it was
not intuitively obvious which button needed to be clicked to
update the workflow process. Although eye movements
indicated searching and the participants often looked directly
at the correct button, they had difficulties in understanding its
purpose. Another significant case of hidden affordance was
recognized when dragging and dropping the device panels from
the device selector (see Figure 1b) to the central region of the
GUI (see Figure 1d). Otherwise, no “vampire effects” were
detected.

Questionnaire: Part B
Figure 5 shows the evaluation of a segment of the questionnaire.
In general, a good acceptance of the ANWS functional model
was observed. In fact, in the SUS, all features were graded as
at least excellent as follows: decision-support system, 95 points
(IQR 87.5-97.5); workflow management, 97.5 points (IQR
82.5-97.5); SSC, 100 points (IQR 87.5-100); cross-device
interaction, 97.5 points (IQR 92.5-100); and unified surface,
100 points (IQR 92.5-100).

Figure 4. Tukey’s box plots comparing the response times of both groups: anesthesia workstation (ANWS; left) versus conventional setting (right).
The “o” represents for outliers, “x” marks the arithmetic mean, and “*” indicates statistical significance (P<.05) between the ANWS and conventional
groups. To analyze the learning curve, response times for the first try and further repetitions were compared. (a) Time required to read out medical
parameters. (b) Time required to set the positive end-expiratory pressure. (c) Time required to set the flow rate of the syringe pump.
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Figure 5. The second part of the questionnaire: the System Usability Scale results presented by Tukey’s box plots. Each feature was rated from 0
(strongly disagree) to 4 (strongly agree). Asterisk indicates an outlier.

In the questionnaire, the volunteers were also asked to sort
ANWS features—tested and untested—according to their
preference, from 1 (favorite) to 5 (least favorite). Figure 6 (top
and bottom) shows the results for tested and untested features,
respectively. Regarding the tested features, no unanimity was
observed (ie, the preference varied between the subjects).
Although the subjects did not test the feature automatic
documentation, the great majority found it meaningful (see
Figure 6). Compilation of all alarms and control devices from
other departments were the second-favorite features of the
anesthesiologists.

At the end of the questionnaire, the subjects were asked to
choose, for each criterion, their favorite system: ANWS or
conventional. The results, represented in Figure 7, demonstrated
that they favored the ANWS functional model. In their opinion,
it would permit them to do the following:

1. Better monitor the parameters of different devices.
2. Always complete the SSC.
3. Get important additional information.
4. Improve the overall usability of the connected devices.
5. Get a better overview of the current surgical step.
6. Increase patient safety.

In general, the subjects demonstrated clear opinions with the
exception of subject 2; he had a neutral opinion with regard to
item 4. Although the majority of the subjects considered the
ANWS functional model as their personal favorite system, 2
out of 5 (40%) considered the use of the ANWS to be more
complicated when rating the monitoring of parameters from
different devices is easier criterion. Furthermore, during an
emergency surgery, 4 out of 5 doctors (80%) would prefer to
use the conventional system.
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Figure 6. Tested (top) and untested (bottom) features were rated by the subjects from 1 (favorite, dark blue) to 5 (least favorite, dark gray).
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Figure 7. Graphical representation of the subjects’ favorite system, anesthesia workstation or conventional systems, according to seven criteria.

Discussion

Principal Findings
In this study, 5 anesthesiologists were requested to test and
evaluate a newly self-developed ANWS functional model. To
test its usability, the subjects were requested to perform several
tasks using the ANWS and the conventional system. The ANWS
was deemed noninferior compared to the well-known system
that was used daily.

All subjects considered themselves enthusiastic about new
technologies and their technical knowledge ranged between
normal and proficient. This was confirmed during the study. In
general, they did not demonstrate having difficulties while

solving the tasks with the ANWS functional model and
accomplished them successfully.

To analyze the learning curve, some tasks were repeated. As
expected, during the first try, the subjects requested more time
(2.5 seconds [IQR 0.75-4.25] vs 1 second [IQR 0-3]) when
using the ANWS. During further repetitions, the response time
decreased significantly, resulting in a time span of less than 1
second in each setting. As demonstrated in Figure 4, the
response times during further repetitions were very similar for
the conventional and ANWS settings. These results suggest
that, before using the new functional model, initial training is
necessary. However, they also show a steep learning curve for
physicians with normal-to-proficient technical knowledge. In
this study, we also observed that this learning curve is similar
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for other medical devices. One of the tasks consisted of manually
setting the flow rate of a syringe pump. Since some of the
participants were not familiar with operating this specific device,
greater response times were observed in the first try. Once more,
this emphasizes that for any medical device, initial training
should be mandatory.

Unfortunately, hospitals frequently utilize medical devices from
various manufacturers, even for the same appliance classes,
such as patient monitoring, ventilators, and syringe pumps,
which means different modus operandi. Consequently, the
physician must be capable of working with all of them and of
changing over without any time delay. As a result, information
overload commonly leads to user errors; this can be ameliorated
by medical device interoperability. Toward this end, a unified
GUI would be especially beneficial in order to reduce (1) the
number of training sessions, (2) response times, (3) potential
use errors, and (4) medical costs.

Figure 4a contains a few outliers for the ANWS and the
conventional system. A data point is considered an outlier if it
exceeds or is 1.5 times the IQR above the 3rd quartile or 1.5
times the IQR below the 1st quartile. Due to the relatively low
number of participants, outliers are expected; even so, no
significant difference between the conventional and ANWS
settings occurred. In each system, 40 data points for the first
try and 70 data points for further repetitions were collected.

Another important advantage of the ANWS is the fact that the
World Health Organization SSC is integrated into the surgical
workflow panel so that it must be filled in. Therefore, this
feature contributes to improved patient safety and quality of
care since SSCs are often neglected in clinical practice. In
addition, the functional model also includes a decision-support
system aimed at assisting the medical team in the
decision-making process. It uses patient data (eg, vital
parameters) as input measures and combines them with
mathematical models and algorithms. When potential abnormal
changes are detected, the physicians are informed (eg, by an
alarm). As demonstrated in the Response Time section of the
Results, the anesthesiologists required more time to detect the
pulmonary embolism when using the conventional system. In
contrast, when using the ANWS, the subjects were promptly
informed about this complication and could start with the
treatment directly. Of course, the decision-support system does
not replace the physician, but is able to support him or her and,
therefore, improve the quality of care.

Regarding the questionnaire, the subjects considered automatic
documentation a very important feature since it contributes to
a reduction in the workload. Concerning the remaining features,
no consensus was reached because preferences are usually
subjective and vary from individual to individual. However, in
general, a great acceptance of the ANWS functional model was
observed. Indeed, all tested features were graded as at least
excellent. The majority of subjects agreed that the ANWS might
permit the monitoring of parameters of different devices in a
more effective and efficient way and allow physicians to do the
following: always complete the SSC, get important additional
information, improve the overall usability and safety within the
usage of the connected devices, get a better overview of the

current surgical step, and increase patient safety. Based on these
reasons, they chose the functional model as their personal
favorite. Despite that, 4 out of 5 subjects (80%) would still
prefer to use the conventional system. This is reasonable, since
the ANWS is neither ready for market nor clinically approved.
In addition, more meticulous training would be necessary.
Conversely, 1 subject (20%) stated they would use the ANWS
straight away. This unexpected answer probably indicates a
halo effect.

Despite the positive feedback, there is still room for
improvement. Taking the eye-tracking and think-aloud method
analyses into account, two controls indicated hidden affordance:
the workflow management controls and the drag-and-drop
mechanism of the device panels need to be adapted to improve
usability. Fortunately, no “vampire effects” were detected and
all areas of interest were identified clearly.

Limitations
This study has certain limitations, which need to be addressed.
First, due to the early stage of development of the ANWS, this
pilot study was carried out with only 5 participants, which is
the minimum requirement for formative usability tests within
the usability engineering process for medical devices, according
to the International Electrotechnical Commission (IEC) 62366
standard. Therefore, the statistical capacity is still limited for
this pilot study.

Second, not all features of the functional model were
investigated (eg, automatic documentation). Third, the
experimental settings were not very close to reality, especially
when considering the ANWS testing. Due to the lack of
SDC-compatible devices, all measures were simulated digitally
but were not derived from a patient or a patient simulator.
Finally, the functional model is not certified as medical device,
hence, a simulator instead of real human subjects was used to
provide the data for the ANWS.

Despite these drawbacks, this study is, to the best of our
knowledge, the first analysis regarding the acceptance of an
innovative and pioneering ANWS, based on a
manufacturer-independent communication protocol, namely
SDC.

Although the ANWS only turned out to be noninferior compared
to the conventional setting, this is already promising. We believe
that the ANWS would have been superior if the following had
been provided:

1. Adequate training of the professional users, analogous to
the conventional system.

2. Optimization of the GUI in terms of usability aspects and
design.

3. Integration into a clinical environment including real
patient-derived measures.

4. Actual tasks during real anesthesiologic workflows, such
as anesthesia induction, maintenance, and complications.

5. Complex scenarios that benefit from smart alarms and
decision-support engines.
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Conclusions
Although the technologizing of hospitals, especially in operation
theaters, is increasing, medical devices and IT systems mainly
work as stand-alone versus networked systems. Consequently,
progress in health care digitization is very slow. In this project,
we developed an anesthesia dashboard, enabling various
sophisticated features based on open device interconnection. In
the meantime, our project team contributed to the development

and approval of SDC, a manufacturer-independent IEEE 11073
standard for medical device networking, which was approved
as a worldwide accepted standard in January 2019.

The way is now paved for manufacturers to equip their medical
devices with SDC-compliant interfaces, enabling
interconnectivity in the operation theater and elsewhere in health
care.
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Abstract

Background: Tobacco smoking is the primary cause of preventable premature disease and death worldwide. Evidence of the
efficacy of text messaging interventions to reduce smoking behavior is well established, but there is still a need for studies targeting
young people, especially because young adult smokers are less likely to seek treatment than older adults. A mobile health
intervention, Nicotine Exit (NEXit), targeting smoking among university students was developed to support university students
to quit smoking. Short-term effectiveness was measured through a randomized controlled trial, which found that immediately
after the 12-week intervention, 26% of smokers in the intervention group had prolonged abstinence compared with 15% in the
control group.

Objective: The objective of this study was to explore the experience of being allocated to the control group in the NEXit smoking
cessation intervention.

Methods: We asked students who were allocated to the control group in the main NEXit randomized controlled trial to report
their experiences. An email was sent to the participants with an electronic link to a short questionnaire. We assessed the distribution
of the responses to the questionnaire by descriptive analysis. We analyzed free-text comments to 4 questions.

Results: The response rate for the questionnaire was 33.8% (258/763), and we collected 143 free-text comments. Of the
responders, 60.9% (157/258) experienced frustration, disappointment, and irritation about being allocated to the control group;
they felt they were being denied support by having to wait for the intervention. Monthly text messages during the waiting period
thanking them for taking part in the trial were perceived as negative by 72.3% (189/258), but for some the messages served as a
reminder about the decision to quit smoking. Of the responders, 61.2% (158/258) chose to wait to quit smoking until they had
access to the intervention, and 29.8% (77/258) decided to try to quit smoking without support. Of the respondents, 77.5% (200/258)
claimed they were still smoking and had signed up or were thinking about signing up for the smoking cessation program at the
time of the questionnaire.

Conclusions: Most of the respondents reported negative feelings about having to wait for the support of the intervention and
that they had decided to continue smoking. A similar number decided to wait to quit smoking until they had access to the
intervention, and these respondents reported a high interest in the intervention. Free-text comments indicated that some control
group participants believed that they had been excluded from the trial, while others were confused when asked to sign up for the
intervention again.

Trial Registration: ISRCTN Registry ISRCTN75766527; http://www.isrctn.com/ISRCTN75766527 (Archived by WebCite
at http://www.webcitation.org/7678sUKbR)

(JMIR Hum Factors 2019;6(2):e12139)   doi:10.2196/12139
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Introduction

Background
Tobacco smoking is the primary cause of preventable premature
disease and death worldwide. Tobacco use is estimated to kill
7 million people per year. If current trends continue, by 2030
tobacco will contribute to the deaths of more than 8 million
people a year, with 80% of those deaths predicted to occur in
the developing world [1]. Most smokers start in their teens and,
as tobacco use increases with age, the earlier a person starts
smoking, the higher their risk of becoming addicted and
developing illnesses due to smoking [2]. Identifying effective
interventions to help young people to quit smoking would have
a major impact on population health, in both the short and the
long term.

A growing body of evidence has accumulated in support of the
efficacy of short message service (SMS) text messaging
programs on mobile phones for health behavior change,
including smoking cessation [3-6]. A Cochrane review of 12
such studies concluded that mobile interventions doubled the
chances of long-term quitting compared with control groups
[4]. A metareview of 13 studies on text message interventions
for smoking cessation showed that cessation rates for the
intervention group were 36% higher than for the control group
[7]. An earlier Cochrane review of 28 trials suggested that
interventions that have been shown to be effective among adults,
such as motivational enhancement, could also be effective
among adolescents. However, the review also found that there
is insufficient evidence to recommend a specific method of
intervention for young people and that more data are needed on
long-term cessation [8].

Thus, the evidence for the efficacy of text messaging
interventions to reduce smoking behavior is well established,
but there is still a need for studies targeting young people,
especially because young adult smokers are less likely to seek
treatment than older adults [9]. In addition, most of the policies
and smoking programs implemented in schools and universities
are preventive, and thus are effective in reducing the initiation
and prevalence of smoking among adolescents, rather than
supporting young smokers to stop smoking [10].

Objective
In our previous research, we have developed a mobile health
intervention, Nicotine Exit (NEXit), targeting smoking among
university students (ISRCTN75766527) [11,12]. We previously
tested the effectiveness of the intervention in a randomized
controlled trial (RCT) and reported our results [13], as well as
the satisfaction and acceptability of the intervention [12]. In
RCTs, the estimated effect of the intervention under study can
only be understood relative to the control setting. An effect size
is estimated comparing 2 groups, 1 randomly allocated to be
given access to an intervention, and 1 randomly allocated to a
control setting. It is natural that the intervention setting is given
much focus and is often explained in detail in research papers;
however, the information given to, and experiences of, the
control group plays a crucial role when interpreting results. The
aim of this study was to explore participants’ experience of

being allocated to the control group in the NEXit smoking
cessation intervention.

Methods

Description of the NEXit Intervention
The NEXit intervention was developed in several steps based
on existing recommended smoking cessation manuals used in
Sweden, previous research, and a taxonomy on behavior change
techniques developed by Michie et al [14].

Elements included in the intervention were as follows: making
a public declaration about quitting (ie, telling friends about the
quit attempt), encouraging asking for support from family and
friends, distraction techniques, and the possibility of requesting
more text messages when the participant experienced strong
cravings or a temporary relapse. The core program lasted for
12 weeks and consisted of 157 messages [13].

Ethics Approval
The study was approved by the Regional Ethical Committee in
Linköping, Sweden (Dnr 2014/217-31).

Study Population and Procedure
To get information for subsequent revisions and improvements
from the individual user’s perspective, we invited college and
university students participating in the main NEXit RCT to give
feedback after completing the 12-week intervention and after
participating in the formal follow-up of the RCT [13]. We
recruited the participants from all colleges and universities in
Sweden except one university that participated in a pilot study.
The participants came from all levels and disciplines.
Recruitment of participants was completed over a 3-week period
(October 23 to November 13, 2014). A total of 827 participants
were allocated to the intervention group and 763 to the control
group (a waiting list group that were asked to quit on their own,
but were also told that they were going to be given access to
the intervention after the trial). Data on the primary outcome
were collected over a 4-week period from 94% of the control
group. Reminders were sent over the same 4-week period.
Nonresponders to the follow-up were sent up to 6 reminders by
email and 3 reminders by SMS text messaging, and 10 attempts
were made to telephone those who had still not responded.

After the follow-up procedure, the control group received an
email with an electronic link to a short questionnaire, with 2
reminders sent 1 week apart to nonresponders.

Questionnaire
We asked the participants in the NEXit control group 4
questions, with 3 to 4 fixed response options. The questions
were about experiences of being randomly allocated to the
control group, smoking behavior when not given access to the
intervention, and willingness to sign up after the trial. A free-text
option after each question gave the participants an opportunity
to describe other factors of importance not covered by the fixed
response options.

We explored experiences of being randomly allocated to a
control group by 2 questions: (1) experience of having to wait
for the intervention (response options: frustrating, irritating, or
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disappointing because I was prepared to quit smoking; positive,
inspiring, or motivating because I was given a chance to reflect
on my reasons to quit smoking; it did not matter; do not know);
(2) perception of receiving monthly SMS text messages during
the waiting time thanking them for participating in the trial
(response options: good, they made me feel part of the study
and reminded me that I would get support later; bad, because I
did not have access to the program; did not matter to me, I did
not care about the messages; do not know).

We explored actions taken when being allocated to the control
group by 1 question: (3) reaction when not given access to the
intervention immediately (response options: I decided to try to
quit smoking without help; I decided to postpone my quit
attempt until I had access to the intervention; I used other
support).

We explored willingness to sign up after the trial by 1 question:
(4) intention to sign up after the trial (response options: yes, I
still smoke and I have signed up for the intervention; yes, I still
smoke and I am still thinking about signing up; no, I still smoke
but do not want any help; no, I have quit smoking).

Statistical Analysis
We performed descriptive analysis of the distribution of the
responses to the 4 questions in 4 steps. In the first step, all
free-text comments to each question were read by the first and
second authors (UM and CL). In the second step, CL chose a
variety of the most crucial free-text comments for each question.
In the third step, UM verified the chosen free-text comments
and added some comments relevant to the aim of the study. In
the fourth step, all authors discussed all of the chosen free-text
comments, from which we selected comments that captured the
main content of the specific question with regard to the aim of
the study.

Results

Participants’ Characteristics and Response Rate
The baseline characteristics of the participants were similar to
those of nonparticipants concerning sex, age, and marital status
(Table 1). Further, the baseline characteristics of the control
group participants were similar to those of the intervention
group in the main study [13] concerning sex, age, and marital
status. Thus, we regarded the participants in this study as being
broadly representative of the intervention group in the RCT.
The overall response rate was 33.8% (258/763).

About a third (83/258, 32.2%) of the respondents provided 143
comments to the 4 questions; the other 67.8% (175/258) did not
offer any additional comments. Most comments were on the
question regarding how participants reacted when they did not
get access to the intervention at once (42/143, 29.4%). The
fewest comments (n=26/143, 18.2%) were provided for the
question on willingness to sign up for the intervention after the
trial. On average, approximately 35 comments were provided
for each question.

We report the responses to the 4 questions, as well as citations
from the free-text comments to illustrate and underline the
pattern of responses to the fixed response options. The
comments were translated from Swedish into English by the
first author. The designation after each quotation is the code
assigned to the participant.

Experiences of Having to Wait for the Smoking
Cessation Aid
Of the respondents, 60.9% (157/258) experienced frustration,
disappointment, and irritation when being told that they had to
wait for the novel smoking cessation aid. In the free-text
comments, some participants emphasized that being allocated
to the control group and thus having to wait 4 to 5 months for
access evoked feelings of being denied support and decreased
their motivation to stop smoking.

I felt quite dejected; to first make the decision to
participate in the program, but then being denied.
[Participant 212]

It felt like taking a step back, and it had a
demotivating effect on my choice to quit smoking.
[Participant 210]

However, 10.9% (28/258) reported that having to wait for
support was positive and inspiring because they had the chance
to reflect on their decision to quit smoking or had time to really
set a goal to quit. In their comments, some described that having
to wait for smoking cessation increased their chances of
succeeding and that their motivation increased.

I was prepared to quit immediately, but due to the
delay my subconscious has set a goal for my smoking
cessation, which increases my chances. [Participant
149]

Initially I felt disappointed, but then I thought that
this will turn out just fine because I will get the
support later; meanwhile my decision to quit smoking
has really engrained itself. It feels like my motivation
to quit is much more rooted than it ever has been
before. [Participant 156]

Of the respondents, 28.3% (73/258) stated that having to wait
for the support did not matter or they did not know whether it
mattered.

Perceptions of Receiving Text Messages During the
Waiting Time
All participants allocated to the control group received monthly
text messages during the waiting time thanking them for taking
part in the trial. Of the respondents, 72.3% (189/258) thought
these messages were bad or worthless. Among those, some
highlighted that the text messages were confusing because these
participants did not have access to the intervention but were
still being thanked for taking part.
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Table 1. Baseline characteristics of responders and nonresponders (N=763).

P valueaResponders (n=258), n (%)Nonresponders (n=505), n (%)Characteristics

.03190 (73.6)332 (65.7)Female

.31Age (years)

18 (7.0)56 (11.1)<21

117 (45.3)209 (41.4)21-25

60 (23.3)116 (23.0)26-30

63 (24.4)124 (24.6)≥31

.46150 (58.1)309 (61.2)Single

aPearson chi-square test with Yates continuity correction.

It felt like I was being reminded that I could have
been part of the study, but was not allowed.
[Participant 212]

It was mostly annoying to get a bunch of SMS saying
that I was part of the study, which I wasn’t!
[Participant 134]

I did not understand what the purpose of the messages
was. Was I part of the study and had missed
something? [Participant 58]

A total of 22.5% (58/258) of the respondents stated that these
text messages contributed to feelings of participation and served
as a reminder of receiving the smoking cessation intervention
later. Some participants expressed that just receiving text
messages reminding them of the intervention was helpful. But
others claimed that there was a risk of becoming tired of waiting.

It was a reminder of smoking...and I started to feel
strongly about quitting. [Participant 114]

It was very good to be reminded, but when you want
help you get tired of waiting. [Participant 77]

Regardless of upcoming support, it affected my
perception of smoking negatively. I therefore smoked
less. [Participant 55]

Of the respondents, 31.4% (81/258) stated that the text messages
did not matter or that they did not care about the messages.

Actions Taken When Being Allocated to the Control
Group
More than half of the respondents in the control group (158/258,
61.2%) chose to wait to quit smoking until they had access to
the intervention and, of those, 72.8% (115/158) experienced
receiving text messages during the waiting time as negative.

Among those who chose to continue to smoke, some claimed
that they had wanted to quit smoking but that they needed
support, and not being given access to the program was a reason
to wait.

I feel like I want to quit, but I can’t put my back into
it! The text messages would have been a push in the
right direction. [Participant 9]

Many comments were about trying to stop or reducing smoking
after being randomly allocated to the control group, and 29.8%
(77/258) of respondents decided to try to quit smoking without

support. Some succeeded in quitting smoking and some cut
down but had a relapse after a period without cigarettes.

I cut down considerably, even completely stopped for
about 1 month. [Participant 121]

I didn’t smoke for 4 weeks, then at a party I started
again. [Participant 226]

I tried but unfortunately it did not work, now I smoke
again. [Participant 196]

Only 8.9% (23/258) of respondents reported that they used other
support during the waiting time, mostly nicotine aids.

Willingness to Sign Up for Smoking Cessation After
the Trial
Of the respondents, 77.5% (200/258) claimed they were still
smoking and had signed up, or were thinking about signing up,
to the smoking cessation program. The need for support was
expressed in different ways, and the reasons for signing up after
the trial included not feeling well, having a disease, and needing
support to quit.

Please help me, I feel unwell and really want to quit
smoking. I have a disease and my symptoms may get
better if I do not smoke. [Participant 226]

I have cut down my smoking but need help to quit
completely. [Participant 150]

Among the respondents who claimed they were thinking about
signing up, some were concerned about the sign-up procedure
and expressed confusion about whether they needed to sign up
again or if the first sign-up when entering the program still
counted.

...but what, sign up again? I have already signed up
once? [Participant 1657]

I thought it (the program) would start automatically
when it was my turn. I already signed up for the
support, but I didn’t have access to it. [Participant
218]

I didn’t know I needed to sign up; wasn’t it just to
accept participation? [Participant 137]

Only 8.1% (21/258) of respondents answered that they had
decided not to sign up for the support although they still smoked.
A total of 14.3% (37/258) responded that they had quit smoking
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during the waiting time and were not interested in signing up
for the support.

Discussion

In RCTs, the estimated effect of the intervention under study
can only be understood relative to the control setting; thus, the
aim of this study was to explore the experience of being
allocated to the control group in the NEXit smoking cessation
intervention.

Principal Findings
The main findings of this study are that most of the participants
experienced frustration, disappointment, and irritation about
being allocated to the control group. Monthly text messages
during the waiting period were perceived as poor and pointless,
and not being given the intervention at once was misunderstood
as being excluded from the trial. Most of the respondents
decided to wait to quit smoking until they had access to the
intervention. There was high interest in the novel intervention
after the trial.

In the NEXit trial, we decided to ask the control group to quit
smoking on their own, but also to inform them that the novel
intervention would be available to them after the trial was
finished. While a waiting list approach reduces ethical dilemmas,
it can also create a feeling of missing out or resentment in the
control group. Approximately 61% of the respondents in the
control group reported that they had negative feelings about
having to wait for the support, and a similar proportion of
respondents reported that they had decided to continue smoking
while waiting for access to the intervention. While the response
rate to the questionnaire was low (34%), having negative
feelings about having to wait for the support is still a matter of
concern that should be addressed in future studies. Previous
research showed that individuals who sign up for lifestyle
intervention trials have previously tried to change their behavior
but were not able to do so using existing means. They then feel
disappointed that they are not given access to a new support
tool that they believe would help them, regardless of the fact
that the intervention under trial has yet to be proven to be
effective [15]. Because the control group behaves in a manner
that was not initially planned for, this might create a potential
bias in the effect measurement of the intervention, one that
cannot be estimated using the primary outcome data collected
during trials.

To alleviate the feeling among control group participants of
being dismissed or left out, we decided that they were to receive
messages throughout the trial to remind and thank them for
being part of the trial. Nearly 73% of the respondents found
these messages to be poor and pointless. Free-text comments
indicated that respondents felt that they were reminded about
missing out on the intervention. Furthermore, free-text
comments revealed that participants perceived being allocated
to the control group as not being allowed to be part of the trial.
Thus, not being given the intervention was misunderstood as
being excluded from the trial. The monthly reminders were
supposed to alleviate the feeling of being left out but seem to
have become a reminder of just that.

There was high interest in the novel intervention after the trial,
with approximately 71% of responders reporting that they still
smoked and had signed up for the intervention. It is, however,
interesting that participants were confused as to whether signing
up for the trial also meant that they would be given the
intervention afterward without actively asking for it. Thus, there
seems to be a dichotomy between those who thought that they
were excluded and those who thought that they were waiting.

The responses to the questionnaire sent to control group
participants strengthen a growing body of evidence that suggests
that participants in RCTs are not well aware of the trial design
[16-19]. The difficulties include explaining to participants that
the intervention under trial is yet to be shown to be effective:
control group participants in the NEXit trial felt like they were
missing out on support, yet it was not known whether the
support would be effective at the trial start. Explaining the
concept of placebos and allocation to different groups also
presents challenges [20,21].

We took several steps to ensure validity of the results and to
prevent bias in the selection of the 143 free-text comments.
Free-text comments were read by the first and second authors
independently many times. Free-text comments were first
selected separately, and then compared and discussed among
the authors. One author verified the chosen free-text comments
and added some comments relevant to the aim of the study. We
excluded free-text comments not agreed on by all authors.
Authors were of different ages, sexes, and educational
backgrounds.

Limitations
Limitations include the low response rate: only 34% of the
control group responded to the questionnaire regarding their
experiences. However, most of the respondents reported negative
feelings and comments about being allocated to the control
group. This implies that, even if those who did not respond were
different from those who did, a large part of the control group
were dissatisfied with their participation.

Conclusion
Future studies should more carefully consider not only the
control setting, but also how it is presented to the control group,
in order to reduce friction and better reflect the control reference
of interest. In the NEXit trial, it would have been advisable to
present the trial to participants as comparing 2 different
interventions: 1 intervention consisting of immediate access to
the SMS text messaging support, and 1 intervention consisting
of a motivational phase during which participants would be
asked to increase their motivation and attempt to quit smoking
on their own with the use of existing support tools, and then be
given the SMS support. Hypothetically, this would give the
control group a feeling of being part of the trial, having been
allocated to an intervention, rather than being told that they
were on their own. This would also make the control group
more homogeneous, not creating a dichotomy between those
who believe they are part of the trial and those who do not.
Effect sizes should then be interpreted in light of this control
setting.
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Abstract

Background: Early research in the area of virtual care solutions with peritoneal dialysis (PD) patients has focused on evaluating
the outcomes and impact of these solutions. There has been less attention focused on understanding the factors influencing the
uptake, usability, and scalability of virtual care for chronic kidney disease (CKD) patients receiving PD at home.

Objective: In this context, a study was undertaken to (1) assess and understand the factors influencing the uptake of a virtual
care solution and (2) provide recommendations for the scalability of a virtual care solution aimed at enhancing CKD patients’
outcomes and experiences.

Methods: This study used a qualitative design with semistructured interviews and a thematic analysis approach. A total of 25
stakeholders—6 patients and 3 caregivers, 6 health care providers, 2 vendors, and 8 health system decision makers—participated
in this study.

Results: The following three primary mechanisms emerged to influence the usability of the virtual care solution: (1) receiving
hands-on training and ongoing communication from a supportive team, (2) adapting to meet user needs and embedding them into
workflow, and (3) being influenced by patient and caregiver characteristics. Further, two overarching recommendations were
developed for considerations around scalability: (1) co-design locally, embed into the daily workflow, and deploy over time and
(2) share the benefits and build the case.

Conclusions: Study findings can be used by key stakeholders in their future efforts to enhance the implementation, uptake, and
scalability of virtual care solutions for CKD and managing PD at home.

(JMIR Hum Factors 2019;6(2):e9720)   doi:10.2196/humanfactors.9720
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Introduction

End-stage renal disease (ESRD) continues to prevail as a global
public health problem affecting over 700,000 Americans [1]
and more than 41,000 Canadians [2]. ESRD and chronic kidney
disease (CKD) are frequently associated with substantial health
care and societal costs [3,4]. People with CKD experience
challenges accessing kidney care due to limited health care
resources, which is exacerbated by geographical barriers for
those patients who live in remote or underserved areas [5-8].
In this context, patients and their family members must travel
long distances to obtain care, which adds stress, imposes
additional costs, and contributes to the poorer quality of care
[9] and, in some situations, mortality [10]. Barriers to access
kidney care and associated costs may worsen as the prevalence
of CKD increases with the rising aging population, who may
experience multiple comorbidities that will require multiple
medications to treat [4,9]. Alternate CKD care delivery models
are needed to address these challenges faced by CKD patients
to ensure more flexible, convenient, person-centered care
delivery models, particularly for those living in rural and remote
locations [11].

Peritoneal dialysis (PD) is one strategy to mitigate challenges
with accessing care for managing CKD, particularly ESRD.
Globally, 190,000 patients are receiving daily PD at home [12]
following education and training by a specialized dialysis health
care professional team [13,14]. Outcomes associated with PD
include increased satisfaction [13], increased quality of life
[15,16], and survival advantage, especially in the first few years
of therapy [17-19], with decreased costs to the health care
system [20]. Virtual care, often referred to as telehealth or
telemedicine, is a rapidly evolving area where health care
services are delivered, in part, through technology, including
clinician-to-clinician, clinician-to-patient, and patient-to-mobile
health technology communication that aims to enhance patients’
self-management of their disease in a home setting [4,17,20,21].
Technology includes remote monitoring [4,21,22], mobile
phones [5,23], virtual wards [24], and Web-based eHealth
portals [25]. Virtual care, coupled with PD, has the potential to
improve access for CKD care for patients in their own homes
[26-30].

A recent systematic review reported a significant decrease in
hospital readmission, emergency room visits, number of days
in the hospital, and increased compliance with home
self-management programs associated with the use of virtual
care solutions in the CKD population [4]. To date, research in
this area has focused on evaluating the outcomes and impact of
these solutions. There has been less attention focused on the
factors that lead to the success or failure in uptake and scalability
of telehealth programs for the CKD population [21]. Gaining
insight into this gap may yield useful knowledge in improving
the uptake and scalability of the virtual care solution (ie,
telehealth) that can be used to improve future implementation
efforts and ultimately improve patient and health service
utilization outcomes. In this context, as part of a larger study,
the qualitative arm included an exploration of the factors
influencing the uptake of, and recommendations for, scalability

of a virtual care solution aimed at enhancing CKD patients’
outcomes and experiences.

Methods

Study Design
This qualitative study design was employed as part of a larger
evaluation of the eQ Connect (eQOL Inc) intervention that
includes a parallel-arm, randomized controlled trial (RCT). The
aim of the RCT, CONNECT Trial, is to determine if utilizing
a virtual care solution that includes remote monitoring software,
eQ Connect, improves selected clinical outcomes for PD
patients. The study protocol provides more detail of the RCT
[31]. Ethics approval for the qualitative study design was
obtained from the Research Ethics Boards at Women’s College
Hospital, St Michael’s Hospital, London Health Sciences Centre,
and Humber River Regional Hospital, all located in Ontario,
Canada.

Study Setting
Participants were recruited from two hospitals: one urban
teaching hospital, London Health Sciences Centre, and one
community hospital, Humber River Hospital, from Ontario,
Canada. Collectively, over 200 PD patients receive care from
these two centers. Eligible patients were approached during
their regularly scheduled clinic visit at the PD clinics.

Theoretical Framing
The theoretical framing of the qualitative design included an
integration of the following three key frameworks: (1) an
adaptation of the Reach, Effectiveness, Adoption,
Implementation, and Maintenance (RE-AIM) framework [32];
(2) Institute for Healthcare Improvement’s Triple Aim [33];
and (3) a scalability framework [34]. Specifically, we postulated
that the successful uptake and scalability of the intervention
would be influenced by a series of factors. These factors include
leadership engagement and culture, communication methods,
and social networks; structures including a learning system that
incorporates training, support, and infrastructure that connects
adopters and experts; and a data system to support measurement
for improvement. Refer to the protocol for further details [31].

Virtual Care Solution Description
The virtual care solution included a remote monitoring software,
eQ Connect (eQOL Inc), that provides support for patients
undergoing PD. eQOL is a Canadian health technology company
based in Toronto, Ontario, specializing in the development and
deployment of innovative solutions to enable patients to better
manage their care outside of the hospital environment. The
solution provides up-to-date patient information to the health
care team and aims to promote patient adherence with PD
regimens. The platform consists of a patient-facing interface,
Patient Portal, that operates on a tablet (ie, iPad Mini 2 running
Apple iOS); the platform is designed to record and upload data
(eg, treatment progress, health status, and supply usage) easily
and securely over the Internet to a secure data center.
Information is transferred to a compliant secure data center
where clinicians can gain access to the data by logging in to the
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Support Portal. A more detailed description of eQ Connect is
provided in a published protocol paper [31].

Data Collection and Analysis
The qualitative component included semistructured interviews
with the principal stakeholders involved in the implementation
of the eQ Connect app process: patients and caregivers, health
care providers, and health system decision makers. Qualitative
interviews included questions about (1) participants’experiences
of learning about and using the technology; (2) changes to health
care provider workflow required to use the technology
effectively; (3) organizational changes needed to support the
technology; and (4) health system barriers and facilitators to
effective implementation, evaluation, and scalability. Interviews
were conducted through a telephone conversation at a time
convenient to study participants between baseline and 3 months
of implementation of eQ Connect from March to June 2017.
The average length of time for interviews with stakeholders was
as follows: patients and caregivers, 25 minutes (range 11-44
minutes); health care providers and vendors, 22 minutes (range
8-44 minutes); and health system decision makers, 49 minutes
(range 44-59 minutes).

Qualitative interviews were conducted and recorded by
experienced qualitative research assistants who then transcribed
the interviews into Word documents, prepared the documents
for qualitative analysis, and analyzed the interviews using
thematic analysis [35]. Specifically, a coding schema was
constructed and used to categorize the narrative text. This
analytical process involved two researchers reviewing the
transcripts line-by-line separately to identify sections of text
that serve as codes. The researchers met to determine the codes
and categories through consensus and the researchers developed
themes and subthemes from the categorical data through
consensus. As a final step to ensuring methodological rigor, the
principal investigator reviewed all the original transcripts with
the emergent coding schema. For more details on the study
methods, refer to the published protocol [31].

Results

Sample Characteristics
Overall, the qualitative component involved 25 participants
from the following stakeholder groups: 9 (36%) end users,
including 6 (24%) patients and 3 (12%) family caregivers; 6
(24%) health care providers; 2 (8%) vendors; and 8 (32%) health
system decision makers. In terms of the 9 patients and family
caregivers, there were 5 (56%) males and 4 (44%) females. The
average age of the patients and their caregivers was 66 years
(range 41-86). Of the 9 patients and caregivers, 5 (56%) were
married, 2 (22%) were common law, 1 (11%) was single, and
1 (11%) was divorced. Of the 9 patients and caregivers, 7 (78%)
were educated at a university or college level and 2 (22%) at a
high school level. The average length of time patients had been
managing their CKD was 9.7 years (range 1-31). In terms of
the 6 health care providers, 3 (50%) were project coordinators,
2 (33%) were nurses, and 1 (17%) was a physician. The vendor
cohort of 2 participants included 1 (50%) product development
manager and 1 (50%) clinical coordinator. No demographic
information was obtained from the participating health system

decision makers that drew from a variety of provincial agencies
(eg, funder and networks).

Themes
The following three factors associated with the uptake of eQ
Connect by patients receiving PD at home emerged: (1)
receiving hands-on training and ongoing communication from
a supportive team, (2) adapting to meet user needs and
embedding into workflow, and (3) being influenced by patient
and caregiver characteristics. Further, the following two
overarching recommendations emerged for considerations
around scalability of eQ Connect: (1) co-design locally, embed
into the daily routine and workflow, and deploy over time and
(2) share the benefits and build the case.

Influencing Factors

Receiving Hands-On Training and Ongoing
Communication From a Supportive Team
This theme captured how patients and their caregivers valued
the opportunity to receive a face-to-face, hands-on, brief training
session on how to use the telemonitoring equipment and iPad
as well as having access to, and receiving timely communication
from, a supportive team (ie, health care providers in clinic and
vendor). Patients described the face-to-face training session as
“simple, short, and very good at orienting” them to using the
tablet as part of their daily care routine. One caregiver noted
the following:

...her teaching was good it was just a lot to take in in
an hour. I was given all kinds of information the very
first time the nurse talked to us and I came home and
read it through and then when they called and said
we were accepted [into the trial] that was fine.
[Caregiver]

Further, ongoing check-ins from the research and clinic staff
ensured that the patients and caregivers, when present, knew
how to use eQ Connect.

Patients also valued having access to the vendor if problems
arose with the technology and being able to communicate
directly with the staff at the CKD clinic, who they described as
“very responsive.” One patient described the following:

They are always there, they always call me back—I’ve
hardly had to call them. If I have a small problem,
I’ll just message the support staff at the hospital and
they will message me back an answer. They are
always on top of it...right through the iPad. [Patient]

Health care providers at the clinic also described the ability to
connect with patients and their caregivers through the iPad, as
illustrated in the following narrative:

It’s a great way to keep connected with the patient in
the home and it’s also a positive thing because uh
when you’re looking at the iPad, it’s a communication
tool with the messaging center that can help address
issues that patient might have without having to call
us. [Health care provider]
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Adapting to Meet User Needs and Embedding Into
Workflow
This theme reflects how the vendor adopted the virtual care
solution to meet user—patients’ and providers’—needs and
embedded them into the providers’ daily workflows. Patients,
caregivers, and providers described how they would raise issues
around technical glitches of eQ Connect and how the vendor
would be receptive and adapt the functionality of the tablet to
address the issues (eg, challenge entering data on the screen).
This is noted in the following excerpt from a patient:

Whenever I did the incorrect inputting, I would be
getting a phone call and they would touch base with
me. I like the new way they’ve done the effluent
screen—I told you that I kept incorrectly inputting,
now it’s all on one screen you can see your three
different things you have to input and I do like that.
I like it when it’s all visual on one page. But that was
certainly an improvement when they did that. [Patient]

Another patient shared the following:

I gave her some ideas that I thought would make it
easier and they seemed very receptive and then they
[vendor] changed that. [Patient]

The vendor also encouraged the health care team to “reach out
and give feedback at any time.” The vendor further noted the
following:

I work together with the team to customize the
software specifically to different sites. We meet with
the nurses and doctors and find [out] about their
specific needs and the demographics of their patient
population. [Vendor]

The adaptability of the iPad by the vendor to meet patient and
provider needs was also described by health care providers, as
one health care provider noted:

That’s all evolved, they’ve either added more—the
nurses were finding what wasn’t working and what
the patients were finding that was more problematic
that they took away and added and then they do the
education of what has changed and how they need to
change it. [Health care provider]

The vendor also described how important it was to embed eQ
Connect into health care providers’ daily workflows and
patients’ daily routines; this was illustrated in this quote from
a vendor:

The nurses have been very receptive because it is new
and it’s a change; there are things that we have to
work through with the nurses in terms of fitting it in
into how they do things and their workflow, and also
making sure everyone’s comfortable with the
software. [Vendor]

Being Influenced by Patient and Caregiver
Characteristics
This theme emerged from the following subthemes: patients
describing themselves as currently being stable and managing
health issues, having tablet literacy or experiencing initial

anxiety with eQ Connect, and being supported by a caregiver.
Most patients described themselves as being stable at the
moment and their condition as “hasn’t gotten worse, hasn’t
gotten better,” which was reiterated by their health care
providers. Some of the patients had shared that they have been
dealing with CKD and its manifestations, alongside other
conditions (eg, high blood pressure and diabetes), for years and
attributed not improving to the progression of their CKD.
Patients had varying levels of tablet literacy, with some having
previous experience and established comfort, as described by
one patient as “I wasn’t scared of using the iPad” and by another
patient as “not a learning curve for me” and “I found it pretty
simple to use”; others shared they had initial anxiety, but that
with time and use they were able to use the tablet effectively.

This later finding was observed by the vendor who stated the
following:

We find that some of our older patients have a little
bit more time to get used to the technology, so for
some of them it’s a matter of just using it repeatedly
until they get comfortable. [Vendor]

Health care providers also noted the comfort level of patients
using the tablet effectively, as described in the following quote:

It depends on the patient’s aptitude with technology,
on the demographic of the patient, and the patient
population, because I think it is very easy to use but
if the patient is a much older patient and obviously
doesn’t speak English, then it’s kind of like one more
thing the patient thinks, “Oh no, I don’t want to have
to bother with this.” [Health care provider]

Supportive caregivers were also identified as a factor in using
the tablet and, in some cases, the caregiver was entering the
data on the tablet, as stated by a patient in the following quote:

My wife is doing that iPad because I cannot see the
numbers, she inputs and I never touch that iPad.
[Patient]

Recommendations for Scalability

Codesign Locally, Embed Into Daily Routine and
Workflow, and Deploy Over Time
Given how patients, caregivers, and providers valued the
adaptability features of eQ Connect, future efforts to scale would
benefit from a co-design approach. In our study, technological
challenges (eg, entering data, small font and tablet size, and
slow operating system) were resolved when brought to the
attention of the vendor, who listened to feedback from the
patients and health care providers. As one health system decision
maker noted, future efforts “...need to think [about] the design
approach, particularly how you set it up from the beginning to
work the way it should for clinicians, data analysts, and patients
using the app.” It is also imperative to integrate eQ Connect
into existing workflows and care processes for health care
providers and the daily life of patients and their caregivers, so
that it is comfortable, convenient, and efficient to use. This is
illustrated in a quote by a health care provider who shares, “It
just needs to be woven into the fabric of their daily routine,
because otherwise, usually there’s pushback when there’s just
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one more thing piled on top of their already hectic schedules.”
Further, a phased-in deployment over time, particularly to
support the smaller size of the vendor organization, to ensure
that local adaptation and co-design can occur is also
recommended, as noted by a vendor who stated, “You wouldn’t
try to roll out to all different dialysis clinics across [the
province]—it would be a continuing process, definitely be a
gradual rollout adding patients and adding sites on to it.”

Share the Benefits and Build the Case
Another key recommendation for the scalability efforts of eQ
Connect is to share the benefits of the pilot and build the case
for ongoing investment for the virtual care solution. This
includes communicating the key functionalities of the virtual
care solution, such as real-time monitoring, surveillance, and
communication; reminders for inventory management; and
accessible technological support and clinical expertise by word
of mouth (ie, informally) and through networks (eg, Ontario
Renal Network and media network), highlighting the benefits
and experiences shared by patients. As one health care provider
stated, “It would be awesome to get patients’ input—there’s a
lot of positive feedback that I’ve heard from patients. Sharing
the benefits, experiences of patients and nurses.” Vendors and
health system decision makers also described the importance
of the need to strategically align the introduction of virtual care
solutions, in this case eQ Connect, to broader health policy
issues (ie, the economic, social, and health burden associated
with CKD) and to key stakeholders’priorities (eg, Local Health
Integrated Network [LHIN] and Patients First, Ministry of
Health and Long-Term Care platform). Part of building the case
will be to leverage the passion and expertise of leaders (ie,
having super users is suggested). Support from leadership at all
levels (eg, health care team, health care organization, and
government) will be required, as will ongoing rapid-cycle
evaluations to inform how best to sustain gains met and spread
to other patients and their caregivers. As one health system
decision maker noted, “We are really looking to scale now, and
if it’s not aligned with a LHIN priority or ministry priority, no
one is going to care—so it’s wonderful work, but it has to be
part of a broader strategy.”

Discussion

Principal Findings
This study delineated influencing factors and recommendations
for scalability of a virtual care solution aimed at enhancing
outcomes and experiences of CKD patients receiving PD at
home. To our knowledge, this is one of the first empirical papers
to elucidate factors that influence uptake and recommendations
for scalability from multiple stakeholder groups.

Our study finding regarding how the hands-on training by the
vendor is highly valuable is consistent with other literature that
identifies using a hands-on learning approach as a key strategy
for future usability of new technology [11]. In our study, the
orientation provided to patients and caregivers was short in
nature with minimal training that may reflect a well-designed
product [36]. Similar to other studies using virtual care solutions
[9,37,38], the ongoing accessibility and support from the CKD
clinic team and vendor that patients had was key to using eQ

Connect. Having virtual care solutions that are complimentary
to, and integrated with, existing models of care is essential for
usability and acceptance of new technology to support
self-management and adherence [4,39]. In our study, the timely
two-way exchange of data by patients, and in some cases their
caregivers, with health care providers using eQ Connect made
patients feel connected and supported. Trust between patients
and health care providers and supportive communication
between informal and professional caregivers are critical factors
for the successful implementation of virtual care solutions for
CKD and the provision of hemodialysis in the home
environment [40,41].

Another prominent intervention mechanism, adapting the virtual
care solution to meet the user’s end needs and the
recommendation to co-design locally in scalability efforts, adds
to the existing literature base on the critical role of engaging
and meeting the needs of end users [36,42-45]. User involvement
in the design and development process is a fundamental human
factors design principle and offers many benefits. Specifically,
when users are involved, devices are created and adapted to
reflect what users’ needs are across their illness trajectories
[36]. More recently, there are policy-level calls to include
patients in identifying key virtual care strategies that will help
the health system to be more patient-centric in nature [45].
Wider adoption of virtual care solutions requires processes to
be redesigned from a patient-centric perspective to establish
and sustain patient acceptance of care technology innovation
[46]. In our study, there were variations around the health status
of patients and tablet literacy that could have impacted the
ongoing use and treatment adherence and were addressed over
time by the CKD clinic team and vendor.

The co-design and adaptability of eQ Connect enabled technical
and tablet literacy challenges to be addressed; they also enabled
patients and their caregivers to continue to use the virtual care
solution in their daily care routine and enabled an integration
into the CKD clinic team’s daily workflow. This finding
exemplifies another human factor design principle around having
an intuitive design that is embedded into existing care practices
of patients and workflow of health care professionals
[11,36,45,46] that should be less complicated and time
demanding [9]. Other good design elements that emerged in a
recent qualitative study include aesthetic appearance, practicality
and ease of use, and supportive platforms to enable flow of data
[36].

In addition to co-designing locally using a patient-centric
approach, our study further highlighted the need to deploy over
time and ensure that the vendor has the capacity to scale up the
virtual care solution. This has implications for scalability of
user-centric designs that require tailoring to specific contextual
situations. Reconciling the trade-offs around upfront investment
in innovation and future benefit and cost-efficiencies will require
sharing the benefits of, and building a case for, continued
investment in eQ Connect as an effective, patient-centric virtual
care solution for CKD patients receiving PD at home.
Specifically, sharing the positive impact eQ Connect had on
participants, particularly patients and their caregivers and health
care professionals, is paramount, as are continued efforts to
strategically align this work with broader health policy issues
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and key stakeholder priorities. Further research is required to
examine and explore the outcomes and experiences using
large-scale studies in different contexts associated with this
patient-centric virtual care solution for CKD patients receiving
PD at home.

Limitations
Study findings need to be interpreted with the following
limitations. Given the study was conducted at two hospitals in
Southern Ontario, the transferability of the qualitative data to
other types of health care organizations may be limited.
Selection biases may also have existed, as participants
volunteered to participate in the study. There was a small sample
size with a limited number of patients enrolled at each site to
recruit into the study. Finally, the interviews were conducted
during a 3-month window after the initial training session. This
may have resulted in varying levels of familiarity with the app
at the time of the interview. It is important to note that we do
not feel this would bias our results and that interviewing parties
with varying experience is important to capture issues relating
to early usage while mitigating the impact of the learning curve.

Conclusions
Our study involved multiple stakeholder groups to elucidate the
factors that influence uptake and recommendations for
scalability of a virtual care solution for CKD patients receiving
PD at home. Study findings can inform key stakeholders in their
future efforts to enhance the uptake of implementation and
scalability of virtual care solutions for CKD patients receiving
PD at home that may also have relevance for other chronic
diseases. Specific recommendations include the following:
provide hands-on training and ongoing, timely support from
the care team; co-design locally using a patient-centric approach
adapting to meet user needs; embed into patients’daily routines
and health care professionals’workflows; and deploy over time.
Future efforts to scale up eQ Connect will require sharing the
positive impact of eQ Connect and continued efforts to
strategically align this work with broader health policy issues
and key stakeholder priorities. Further research is required to
examine and explore the outcomes and experiences using
large-scale studies in different contexts associated with this
patient-centric virtual care solution for CKD patients receiving
PD at home.
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Abstract

Background: Patients are increasingly using mobile health (mHealth) apps to monitor their health and educate themselves
about medical issues. Despite the increasing popularity of such apps, poor design and usability often lead to suboptimal continued
use of these apps and subsequently to poor adherence to the behavior changes at which they are aimed. One solution to these
design problems is for app developers to use user-centered design (UCD) principles to consider the context and needs of users
during the development process.

Objective: This study aimed to present a case study on the design and development process for an mHealth app that uses virtual
human technology (VHT) to encourage colorectal cancer (CRC) screening among patients aged 50 years and above.

Methods: We have first provided an overview of the project and discussed its utilization of VHT. We have then reviewed UCD
principles and how they can be incorporated into the development of health apps. We have described how we used UCD processes
during the app’s development. We have then discussed the unique roles played by communication researchers, computer scientists,
clinicians, and community participants in creating an mHealth app that is credible, usable, effective, and accessible to its target
audience.

Results: The principles of UCD were woven throughout the project development, with researchers collecting feedback from
patients and providers at all stages and using that feedback to improve the credibility, usability, effectiveness, and accessibility
of the mHealth app. The app was designed in an iterative process, which encouraged feedback and improvement of the app and
allowed teams from different fields to revisit topics and troubleshoot problems.

Conclusions: Implementing a UCD process contributed to the development of an app, which not only reflected cross-disciplinary
expertise but also the needs, wants, and concerns of patients.

(JMIR Hum Factors 2019;6(2):e12700)   doi:10.2196/12700

KEYWORDS

communication; cell phone; mobile phone; culturally appropriate technology; interdisciplinary research; colon cancer; cancer
screening
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Introduction

Background
As technology improves, patients are increasingly using mobile
apps to monitor their health and access medical information [1].
More mobile health (mHealth) apps are entering the market
every year. However, poor development may diminish the
usefulness of apps to patients [2]. Many mHealth apps are
downloaded by patients but rarely used [3]. As such, it is
recommended that teams developing mHealth apps use processes
that consider the context and needs of users [4].

Over the past decade, access to the internet and smartphone
ownership have increased to the point that virtually everyone
in the United States has access to digital information.
Furthermore, approximately three-quarters of Americans
(including two-thirds of rural residents) have regular internet
access [5]. Almost all Americans own a smartphone [6]. There
is significant evidence that the penetration of the internet and
mobile technologies could completely transform the way health
care is delivered. It has the potential to effectively and efficiently
deliver health behavior interventions with unsurpassed
scalability [7-11]. Nonetheless, an expanding body of literature
suggests that digital interventions lack the evidence-based
standards required for apps to be usable in a health care setting
or recommended for home use by health care providers [12-17].
The suggested reasons for lack of quality are lack of physicians’
and patients’ involvement in the development of such digital
interventions. Although some recent research initiates strategies
to involve stakeholders, this is not widespread yet [18].

This study presents a case study on the design and development
process for an mHealth app that uses virtual human technology
(VHT) to encourage colorectal cancer (CRC) screening among
patients aged 50 years and above. Using participant observation,
semistructured interviews, and document analysis, we have
described the process by which a multidisciplinary team
developed the app. The outcome was an mHealth app that
reflects best practices across the medical, communication
science, and computer science fields.

We have first provided an overview of the CRC screening
project and discussed how it incorporates VHT. We have then
reviewed the principles of user-centered design (UCD) and why
UCD is useful for developing mHealth apps. We have described
how the UCD process played out during the app’s development,
with a particular focus on how each set of researchers
contributed to the overall design during each phase. In doing
so, we expounded upon the unique roles played by
communication scientists, computer scientists, clinicians, and
community participants in creating an mHealth app that is
credible, usable, effective, and accessible to its target audience.
Our goal was to offer insights into the development process for
other teams working on mHealth technology.

The Importance of Colorectal Cancer Screening
Among American men and women, CRC is the second leading
cause of cancer death [19]. Racial and ethnic minorities are
disproportionately impacted by CRC, with elevated incidences
and mortality [20]. Although regular screening increases CRC

detection and survival [21,22], minority patients face barriers
such as time and monetary constraints and aversion to traditional
screening procedures such as colonoscopies [23,24]. Similarly,
rural patients are also disproportionately impacted by CRC
morbidity and mortality [25]. Rural patients are less likely to
understand the importance of screening and perceive cost as a
barrier [26,27].

Fecal immunochemical testing (FIT) is a CRC screening
procedure that may minimize the perceived barriers. Patients
collect a stool sample at home and send it to a laboratory to test
for microscopic blood that may indicate a tumor or colonic
premalignant polyp. For patients at average risk, annual FIT is
as effective as colonoscopy in detecting CRC [28,29]. As
patients complete the test at home, FIT reduces barriers such
as time, cost, and discomfort with colonoscopy. FIT is effective
at increasing screening compliance for racial and ethnic
minorities and rural populations [30].

Virtual Human Technology
VHT consists of computer-generated animated characters that
can be used to communicate with people using speech or text
[31]. VHT is increasingly common in health care. The
technology has been used in studies on mental health care
[32,33], assessing pain treatment [34-36], and patient and
provider communication [37]. VHT has been used to increase
patient satisfaction [37], improve the understanding of cancer
risks [38], and give hospital discharge instructions [39]. The
term virtual human technology is used specifically to describe
three-dimensional human characters. This is different from an
embodied conversational agent (ECA), which can be any
anthropomorphic character, including a human. In other words,
VHT is more specific than an ECA. VHT is also different from
a chatbot, which is more general and includes all systems that
can converse with users.

VHT may be useful for increasing CRC screening compliance
for several reasons. Patients may feel more at ease discussing
sensitive information because of VHT’s sense of anonymity
[40]. It may encourage patient disclosure [31], and it can also
be used to provide tailored health information for patients,
increasing perceptions of relevancy [41]. Similarly, demographic
discordance between minority patients and providers is
associated with worse medical outcomes [42-44]. VHT can
match patients with demographically concordant virtual
providers.

User-Centered Design
The design of an mHealth app impacts its use and effectiveness.
As Schnall et al point out, many apps fail because they are not
designed to meet the requirements of the people who are actually
using them [4]. Such apps are unlikely to be used by patients
[3]. Developing apps using a UCD process may address these
shortcomings [3,4,45].

UCD is a multidisciplinary, iterative design process that involves
actively seeking out and incorporating the feedback of users to
ensure that tools are developed with a full understanding of
their needs and requirements [46]. In UCD, social scientists act
as translators between users and designers, using their research
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skills to collect and interpret data about users and their needs
[47].

The first phase in UCD is needs investigation. The goal of needs
investigation is to identify potential users and learn about their
specific needs for an mHealth app [3]. Many methods can be
used in needs investigation, including cultural probes [48],
interviews [49], and focus groups [3,4]. The second phase is
prototype development. During prototype development, a trial
version of the app is developed and tested, incorporating user
feedback at multiple points [50]. The third phase is evaluation.
During evaluation, researchers watch users test and evaluate
the near-final app before rolling it out to larger audiences.
Observing users can show researchers specifically how
participants use the app and what problems they may experience
[47]. These tests show researchers how the app functions when
used by the type of people who will eventually use it on their
own.

Although conceptually clear, in practice these phases are rarely
clear-cut. As UCD is iterative, phases may blend together as
researchers refine the app, troubleshoot problems, and seek
additional feedback from users. This iterative process keeps the
focus of development on users and ensures that the final product
meets their needs [50].

Methods

First, we collected notes, meeting agendas, and other written
documentation produced during the early stages of development.
Second, the study’s lead author engaged in participant
observation of the development process, working as a
postdoctoral researcher on the project while taking notes and
working with the team on the app. Finally, the lead author
interviewed 6 members of the development team about their
role in the development process. The interviews were evaluative,
approximately half an hour each, and transcribed for analysis.

A multiyear grant from the National Institutes of Health funded
the development of the app. The design project is based at the
University of Florida (UF), and the app will be a part of a
clinical trial conducted at the UF Health Network, including
Shands Hospital, launched in 2018. Furthermore, 3 core
teams—clinical medicine, communication science, and computer
science—contributed to the development of the app.

The app features an interaction with Agent Leveraging Empathy
for eXams (ALEX) , a virtual human health care provider who
educates patients about CRC screening and the benefits of FIT.
During the clinical trial, we screened out patients who were at
high risk of CRC (patients whose providers request more
frequent colonoscopies or who have had colon cancer in the
past) and those who were already within guidelines. Patients
who are eligible for FIT see a series of tailored messages about
CRC and its severity, their susceptibility to the disease, and
how FIT can help them comply with screening guidelines. After
visiting with ALEX, the app delivers an electronic message to
patients giving them the option to request FIT from their primary
care provider (PCP).

The app integrates into the UF Health Network and is delivered
to patients directly through MyUFHealth (formerly known as

MyChart), a Web-based medical portal. MyUFHealth lets
patients securely access medical records, view laboratory results,
and communicate with their PCP [51]. There are several
advantages to integrating with MyUFHealth. First, using
MyUFHealth to disseminate the app allows us to select patients
with specific medical characteristics (ie, outside guidelines and
average risk) for participation in the trial. Second, integrating
with MyUFHealth lets us customize ALEX based on the
demographic information in the patient’s file. Finally, using
MyUFHealth allows patients to quickly and securely request
FIT from their PCP.

Results

Overview
The next section discusses how the UCD phases (needs
investigation, prototype development, and evaluation) played
out in the development of the CRC screening app. It focuses on
the contributions of the communication science, computer
science, and clinical teams to the credibility of the app, its
usability, effectiveness, and accessibility. As UCD is iterative,
many development processes happened simultaneously. The
team often circled back to questions and concerns raised earlier
in the process. Similarly, we sought and incorporated feedback
from participants at multiple points in the development. As
such, this section should be seen as a streamlined overview of
the development process, which by necessity simplifies some
elements.

Development Structure
We structured the development process around regular meetings
between the 3 teams. The communication science team held
weekly core meetings to coordinate development progress and
integration into the larger university health system. The
communication science and computer science teams met twice
monthly to work on the hardware and software design of the
app, with the communication science team providing feedback
from potential users. The communication science and computer
science teams also met with information technology (IT)
representatives from UF Health as needed. We held these
meetings in-person or online using a virtual meeting service.
All 3 teams—communication science, computer science, and
clinical—attended blended virtual and in-person meetings
monthly and in-person meetings biannually.

This structure ensured that all teams understood how the app
and clinical trial were evolving, even if they were not directly
involved in a given branch of the work. It created flexibility for
individual teams to meet as frequently as needed to accomplish
their goals. Thus, individual teams could troubleshoot problems
in a small-group setting and larger issues could receive input
from all teams. We gained valuable feedback representing
different disciplinary perspectives.

Phase 1: Investigating Needs
As the project began, teams addressed 3 foundational app
components (1) the content of the app, (2) the integration
between UF Health and the app, and (3) the app’s software and
user interface. During this phase, we developed the app
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conceptually, tested acceptability to our target audience, and
began creating the software.

Communication Science and Clinical Teams
The communication science team and clinical team began by
identifying the medical content necessary for the app,
specifically what it would need to convey to patients. The
clinical team identified, through their experience with patients,
common barriers to screening, including cost, time, and feelings
of embarrassment caused by collecting a fecal sample. They
paid specific attention to barriers that were common among
minority and rural patients. To understand how clinicians
address these barriers, the communication science team
video-recorded a simulated conversation about CRC screening
between a patient and clinician. A member of the clinical team
played the role of the clinician and a member of the
communication science team played the patient. The clinician
described in lay terms the risks of CRC, the benefits of
screening, and the biological changes that occur in older people,
which raise the risk of CRC. This conversation formed the
medical basis of script between the virtual human health care
provider and the patient.

We also discussed the needs of clinicians and health care staff
through over 50 interactions with the medical staff, including
family medicine physicians, colorectal surgeons, health care
administrators, patient navigators, and other players in the
biomedical field. We asked questions about their processes and
workflow when interacting with patients, incentives at the
provider and practice levels for screening patients, and structural
challenges in getting patients screened.

Through these interviews, we learned that physicians would
likely welcome a tool to help them communicate about CRC
with their patients. PCPs often have multiple topics to discuss
with patients and limited time in which to do so. Providing
patients with information about CRC before their appointment
provides shared background for a conversation. Similarly, the
amount of new information patients receive during an
appointment can be overwhelming and stressful for patients,
particularly those with lower health literacy. Providing some
information beforehand reduces the amount of new information
patients must absorb.

However, routine and regulation tend to govern medical
environments. This means that physicians are unlikely to accept
mHealth apps unless they fit into the regular workflow. mHealth
interventions also cannot create extra work or take time away
from patient care. These considerations informed the app’s
development. They are particularly important for the long-term
dissemination of the app, as physicians and medical practices
are a key channel for widespread distribution and adoption of
the app by patients.

Computer Science Team
The computer science team began development of the virtual
human health care provider. ALEX was created using Adobe
Fuse, a design program, and Virtual People Factory, an
interpersonal simulation system [52]. The computer science
team created different versions of ALEX for focus group testing,
designing a total of 8 characters varying along 3 dimensions:

age (younger vs older), race (black vs white), and gender (man
vs woman). They also had versions of the character in different
attires, namely scrubs or business-casual office wear.

The computer science team began discussion of the hardware
and software requirements of the app. With the larger team,
they started the process of narrowing down which devices,
browsers, and operating systems the app would support. As the
app’s target audience is older adults (aged 50 years and older),
they also brought up questions of accessibility. This included
the need for subtitles and clear audio to accommodate visual
and hearing impairments. Similarly, the app interface needed
to be understandable for people with limited smartphone
experience. These conversations continued throughout the
development.

Community Involvement
The communication science team conducted 8 focus groups
(n=36) with potential users from January to May 2017.
Participants were aged older than 50 years, and the team held
groups broken down by race and gender with black men, white
men, black women, and white women. They recorded,
transcribed, and analyzed the focus group data qualitatively.
This first round of focus groups provided the team with valuable
information about the preferences, needs, and opinions of
potential users before prototype development.

Discussion centered around 4 areas: health information seeking
(What features make health information trustworthy?), initial
thoughts on the virtual human (Would you be comfortable
talking to a virtual human about your health?), CRC knowledge
(What words or feelings come to mind when you think about
CRCs?), and attitudes toward FIT (What are your initial
reactions to the FIT kit?). During the discussion, moderators
showed participants still photos of different versions of the
virtual human health care provider. The most important finding
was that participants were open to discussing their health with
a virtual human health care provider, providing an essential
rationale for proceeding with the app development.

Overall, Phase 1 provided information on patient and clinician
user requirements for the app. It established, through community
involvement, the general acceptability of using a virtual human
health care provider to encourage CRC screening. It also
generated insights into the technical requirements of the app
and potential accessibility challenges.

Phase 2: Prototype Development

Computer Science Team
The computer science team had 2 main tasks during Phase 2:
launching a working prototype of the app for user testing and
planning the app’s integration with MyUFHealth. Developing
the prototype required multiple steps including the animation
of the virtual human health care provider, coding the internal
logic of the app (including options for randomization for the
clinical trial), and designing the user interface. The computer
science team and the communication science team met biweekly
to discuss progress and address potential problems, creating an
iterative workflow.
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For instance, syncing voice actors’ recordings of the script with
the mouth movements of the virtual human health care provider
required multiple iterations to reach an acceptable level. The
communication science team originally asked colleagues in
their college to serve as voice actors for a prototype ALEX.
However, the varied speed and diction of nonprofessional voice
recordings made it difficult for the computer science team to
accurately sync the audio recordings with the lips of the virtual
characters. To address this problem, the communication science
team contracted professional voice actors to record the script.
Paid voice actors recorded the scripts using professional
equipment, which resulted in higher sound quality and greater
syncing accuracy. The professional actors were also able to split
audio files into segments to ease the process of syncing with
the animation.

The computer science team began planning the app’s integration
with MyUFHealth. As MyUFHealth is an existing platform
with its own constraints, the team was originally unsure whether
it would be able to house the app entirely or whether it would
be necessary to host portions of the intervention on an external
server. Using an external site would allow for easier tracking
of users but raised security concerns. Particularly problematic
was the need to import demographic information—considered
Protected Health Information (PHI)—into the app to customize
the virtual human health care provider. Finally, it was decided
that the app would be housed on its own secure server and users
sent customized links with encrypted identification codes that
allow us to track their movements and responses as they worked
through the app.

Clinical Team
During Phase 2, the clinical team gathered information about
programs ongoing in the UF Health Network to encourage CRC
screening. They sought to understand what clinicians were
currently doing to increase CRC screening so as to avoid
designing an intervention that duplicates ongoing work. This
is important both from a messaging perspective—ensuring that
patients are not receiving competing messages—as well as from
an experimental perspective. In evaluating the effectiveness of
the app during the clinical trial, it is important to understand
and avoid confounding influences to the greatest extent possible.

The clinical team also collected information about screening
rates at the various clinic locations and within the different
departments at UF Health. This information allows us to
evaluate the effectiveness of the app by comparing past
screening rates with screening rates during the clinical trial. It
also helps us account for influences such as seasonal variation
in screening rates.

Community Involvement
The communication science team conducted 13 focus groups
(n=73) from November 2017 through August 2018. All
participants were aged between 50 and 73 years. Owing to
changes in the recruitment process, we separated some focus
groups out by race and gender and others by gender only.
Participants first filled out a questionnaire gauging their
perceptions of CRC risk and screening. They then tested the
prototype app on a Samsung Galaxy S7 smartphone provided

to them by the moderators. After engaging with the app,
participants filled out a second questionnaire examining their
opinion of the app’s technical aspects, the virtual human health
care provider itself, and the CRC content. We recorded the focus
groups and transcribed them for analysis.

The communication science team also held 38 think-aloud
interviews during this timeframe, again using participants
between the ages of 50 and 73 years. During think-aloud
interviews, participants were asked to describe their thoughts
and mental processes while using the app in real time [53]. The
stream-of-consciousness data collected through think-aloud
interviews let researchers see how participants are interacting
with a tool, such as an mHealth app, in real time to better
understand points of confusion and initial reactions.

Participants felt generally favorable toward the concept and
script, with several indicating that they intended to ask their
own PCP about FIT as a result of the experience. This provided
preliminary evidence of the app’s potential acceptability and
effectiveness. However, participants were critical of the virtual
human health care provider’s appearance, indicating that the
lack of a lab coat or medical name badge reduced the character’s
credibility. They also expressed concern about the look and
movement of the virtual human health care provider. Many
found the virtual human health care provider creepy and
unsettling, with several saying that they averted their eyes from
the character and listened to the voice instead of engaging
visually.

In February 2018, we held a meeting of our Community
Advisory Board, a group of patients, advocates, and
professionals in the medical field. At the meeting, we sought
feedback from the Community Advisory Board on the prototype
version of the app and script. As with the focus groups, the
Community Advisory Board members felt that the look and
movement of the virtual human health care provider was
unrealistic and distracting. They also gave feedback on the
script’s accessibility to those with lower literacy and/or health
literacy and suggested areas within the script that needed to be
expanded.

Communication Science Team
The communication science team incorporated the medical
information collected during Phase 1 into a conversational script
for the virtual human health care provider. They structured the
conversation with ALEX around empirically-based constructs
regarding CRC communication best practices. The original
script identified 12 tailoring dimensions such as perceived
susceptibility [54], perceived severity [55], perceived benefits
[56], perceived barriers [23], self-efficacy [57], response efficacy
[28], comparative risk feedback [58], risk probability [59],
message source [60], narrative persuasion [61], demographic
matching [62], and message framing [63]. Evidence suggests
that these constructs can increase knowledge of cancer risks
and screening and encourage behavioral change.

The team refined the script through input from multiple writers
and readers, as well as the full app team and Community
Advisory Board members. This led to significant changes,
improving the script’s flow and understandability. The team
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also collapsed some constructs together for analytical purposes.
Although the experimental design can accommodate multiple
variables, analysis is complicated by each additional construct.
The final message constructs are message source, susceptibility,
severity, risk probability, response efficacy, benefits, barriers,
narrative persuasion, and self-efficacy.

Phase 3: Evaluation

Communication Science Team and Community
Involvement
In Phase 3, the communication science team adapted the script
and messaging to reflect community preferences gleaned from
Phase 2. They clarified the constructs within the script for ease
of analysis in the clinical trial and sent the script to an expert
at the American Cancer Society to read for clarify, accuracy,
and comprehensiveness. These comments, as well as additional
feedback from the clinical team, were used to finalize the script.

The communication science team also tested the near-final app
with community members by conducting additional think-aloud
interviews between September 2018 and January 2019. We held
additional 7 focus groups and 15 think-aloud interviews. The
total number of focus groups throughout the process was 28
(n=154), and the total number of think-aloud interviews was
53.

The think-aloud interviews initially revealed that significant
problems remained with the appearance of the virtual human
health care provider, particularly the black female version. To
address these concerns, the computer science team created
alternative versions of the black female character for testing by
the communication science team with subsequent think-aloud
and focus group participants. At this point, the development of
the app became more intensively iterative, with the
communication science team providing rapid feedback to the
computer science team on changes that needed to be made to
the app to achieve minimal acceptability from participants.

Computer Science Team
The computer science team refined the app during the evaluation
phase, making changes as a result of community feedback, in
particular, the results of the think-aloud interviews and focus
groups. This involved discussions with the computer science
team about potential changes in the graphic approach to the
virtual human health care provider’s appearance, moving from
a more photorealistic look to one that was more stylized. The
idea was that by going to a more stylized—but not
cartoonish—look, participants would not be primed for
photorealism and then put off by the limitations of the animation
software and rendering process. Ultimately, the computer
science team adapted models in Adobe Fuse to create a look
that was somewhat stylized but also recognizable to viewers.

They also worked to integrate the app with MyUFHealth,
ensuring that it was possible to demographically customize the
virtual human health care provider for patients as per the study
protocol. They paid particular attention to the need to track
patients within MyUFHealth, as well as within the app itself,
and the subsequent questionnaire (hosted on Qualtrics) and the
need to link up these datasets for later analysis. They

accomplished this through the aforementioned customized URLs
and deidentification system. Using UCD principles helped
ensure that the mHealth app we created was acceptable to
patients along 4 major dimensions of user needs: credibility,
usability, effectiveness, and accessibility.

Discussion

Principal Findings
By describing the creation of an mHealth app using UCD
principles, we are able to better understand both the iterative
nature of development when incorporating user feedback as
well as the unique contributions of researchers across disciplines.
Communication scientists, computer scientists, clinicians, and
community participants all played specific and interrelated roles
in ensuring that the final product was credible, usable, effective,
and accessible for patients. We now summarize the specific
components of these criteria and the contributions of each team
in meeting them.

Credibility (Clinical, Communication Science,
Computer Science, and Community Involvement)
Credibility had 3 main components: (1) accurate medical
information, (2) association with the UF Health Network, and
(3) a professional look and feel to the app design. Community
members were ultimately the arbiters of what app features were
and were not credible, as interpreted by the communication
science team.

First, the communication science team worked with the clinical
team during Phases 1 and 2 to create accurate content that
reflects best clinical practices. This is in line with
recommendations that health interventions be designed with
input from subject matter experts [64]. Indeed, focus group
participants in Phase 2 raised questions about the app’s
information source, with some explicitly asking whether UF
Health was involved in development. Participants expressed
skepticism about Web-based medical information, noting that
such information is often misleading and inaccurate. However,
they generally trusted the UF Health Network to provide them
with credible information. Associating the app specifically with
UF Health—a trusted medical provider—increased its
credibility.

Second, the association between UF Health and trusted medical
information was so strong that it carried over into participants’
preferences for the look of the virtual human health care
provider. The prototype app tested in Phase 2 had ALEX in a
business-casual outfit, and there was no visible association with
UF Health. Patients described this look as unprofessional and
said that putting the virtual human health care provider in a lab
coat would increase credibility. The computer science team
made these changes for the think-aloud interviews and focus
groups in Phase 3.

Third, participants said an app needed to have a professional
look and feel to be seen as credible. Participants in Phase 2
focus groups and early Phase 3 think-aloud interviews expressed
discomfort with the look and animation of the virtual human
health care provider. A key theme was that participants wanted
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the app to look like it was made by professional graphic
designers to set it apart from other untrustworthy Web-based
content. In other words, participants associated professional
design and animation with medical credibility. Thus, even
though clinical experts provided and vetted the app’s content,
it took the skills of the computer science team to make that
expertise visible to participants.

Usability (Communication Science, Computer Science,
and Community)
Usability had 2 main components: (1) intuitive app design and
integration and (2) easily understood dialogue. As with
credibility, community involvement helped operationalize these
concepts in a way that reflected best practices from an academic
perspective as well as from the perspective of the users
themselves.

First, usability requires that the app design and interface be
intuitive for both patients as well as clinicians and health
workers. For patients, this meant that the app use and navigation
needed to be self-explanatory even without instruction.
Community feedback suggested a number of changes, which
we incorporated into the app. For instance, the original working
prototype had both a chat log and subtitles, which were seen as
redundant. Similarly, although the app had a pause button,
tapping the screen did not pause or play the interaction, which
confused participants. Both these issues were corrected in the
final version of the app.

For clinicians and health care workers, the app needed to
intuitively fit into the clinical workflow to be usable, particularly
with regard to requesting FIT. In designing this feature, the
computer science team interfaced with UF Health to ensure that
the appropriate medical professionals received the request
through the appropriate channels, integrating with MyUFHealth.
UF Health IT representatives indicated that clinical workers
were accustomed to receiving information and requests from
patients through the system. Using MyUFHealth, therefore,
increased the usability of the app from the perspective of these
employees.

Second, usability required that the app have understandable
dialogue. This was a task taken up by the communication science
team in translating the medical information from the clinical
team into a coherent conversational script for ALEX. Multiple
iterations of the script helped smooth out the sticking points in
the dialogue, and feedback from a variety of readers increased
cultural competency and eliminated jargon. Feedback from
focus groups and think-aloud interviews suggests that these
processes were largely successful—most participants felt that
the app presented the information in an approachable and
understandable way.

Effectiveness (Communication Science, Clinical, and
Community Involvement)
Effectiveness had 2 main components: (1) increasing knowledge
of CRC and screening and (2) changing behaviors. Preliminary
results from focus groups suggest that the app meets these aims.

First, in designing the script for the virtual human health care
provider, the communication science team sought feedback

from the clinical team and community to establish what
participants were likely to know about CRC and screening. This
hands-on input supplemented the information in the health
communication literature on knowledge of CRC. It helped strike
a balance between providing too much information
(overwhelming or boring patients) and providing too little
(leaving patients with more questions than answers). For
instance, some participants in the Phase 1 focus group did not
know what CRC was, incorrectly conflating it with prostate
cancer and assuming that only people with prostates need to be
screened. To remedy this shortcoming, the communication
science team revised the script to describe CRC as colon cancer
or cancer of the intestine.

Preliminary feedback from the focus groups indicates that the
app is effective at increasing knowledge of FIT testing and its
appropriateness for CRC screening. Many participants did not
know about FIT testing before the discussion and were unaware
that there were alternatives to colonoscopy. Indeed, many
expressed surprise that there was such an easy option available
for screening. Other participants were unaware of the specific
risks of CRC before engaging with the app.

Second, the communication science team drew on information
from the health communication literature and the clinical team’s
expertise to write a script likely to change screening behaviors.
For instance, both the literature and the clinical team stressed
addressing barriers to screening, such as embarrassment about
collecting a stool sample. To help lower these barriers and
produce behavioral change, ALEX assures patients that they
can complete the test in the privacy of their own home. This is
important because messages that increase a person’s
self-efficacy—or how much they believe they can influence an
outcome—are effective at changing behaviors. People are more
likely to take action if they believe it is effective in reducing a
threat.

Although we will not have quantitative data about the app’s
ability to produce behavioral changes until the end of the clinical
trial, evidence from the focus groups suggests an increased
desire to screen using FIT. Several participants asked how they
could get FIT. Others explicitly stated a desire to use FIT, now
that they knew it was effective. This suggests that the app will
be effective at changing CRC screening behaviors.

Accessibility (Computer Science and Community)
Creating an app that is accessible to the target audience relied
on 3 main considerations: (1) using the correct technology to
reach the audience, (2) ensuring that the app is easy to find, and
(3) making the app accessible to audiences with different
abilities.

First, the computer science team balanced the need to reach a
wide audience with the developmental challenges of creating
an app supported by different devices, operating systems, and
browsers. Community participants in the Phase 2 focus groups
illustrated this need. Participants typically accessed MyUFHealth
from their desktop computers rather than their mobile phones.
Many participants use MyUFHealth infrequently, increasing
the likelihood of forgetting their username and password.
Resetting the password on mobile devices is clunky, so
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participants defaulted to checking MyUFHealth from their
desktop or laptop computers. Although we originally
conceptualized the app as running mainly on mobile phones,
the computer science team created a desktop version that
increased the overall availability of the app for the target
audience.

Second, the computer science team improved accessibility by
integrating the app into the UF Health Network and
MyUFHealth. Focus group participants expressed concern that
they would be unable to find the app once we released it. By
integrating the intervention into MyUFHealth, patients are able
to log in to a system with which they are already familiar to
access the app instead of downloading it from an unfamiliar
Web-based source. Giving participants fewer tasks to complete
before engaging with ALEX improves accessibility. Using
MyUFHealth also allowed patients to view the intervention in
the context of their relationship with their PCP and made
requesting FIT easier as it could be done directly through
MyUFHealth.

In addition, the app needed to be accessible to people who are
hard of hearing and people with visual impairments. These
requirements came out of the focus groups in Phase 1 and
resulted in changes to the app’s interface. The computer science
team prioritized easily-read subtitles so that participants could
easily follow along with ALEX, and we selected the voices for
ALEX in part based on focus group feedback as to which were
the clearest and most easily understood.

Conclusions
Ensuring that mHealth apps meet the needs of their target
audience is an essential step toward widespread adoption. It is
also a common shortcoming, with many mHealth apps being
discarded by users shortly after initial usage owing to design
failures that preclude their usefulness. Incorporating UCD
principles into the design process of mHealth apps is one way
to avoid this problem.

Our project used UCD principles in conjunction with expertise
from communication science, computer science, clinical
practitioners, and community members in an iterative process
to create an mHealth app aimed at increasing CRC screening
among adults aged 50 years and older. Through the phases of
needs investigation, prototype development, and evaluation, we
deliberately sought to highlight the opinions and concerns of
community members as a way to increase the credibility,
usability, effectiveness, and accessibility of the app. The overall
product is one which aims to meet the needs of a variety of

stakeholders as it moves through the clinical trial phase and into
implementation across the health care system.

This study is not without limitations. A major limitation is lack
of generalizability, with this project confined to 1 case study
from the University of Florida. The iterative nature of UCD
effected simultaneous collaboration among diverse academic
disciplines, thereby presenting a potential challenge for
replication in future research efforts where the culture and
organizational structure may differ. However, stakeholder
participation could be partially accomplished through centralized
or remote participation, thus increasing the ability of other
organizations that lack direct access to all key members to
follow this blueprint.

Similarly, the study’s design by necessity incorporated the
perspectives of the participants and researchers themselves.
Although we made all efforts to remain reflexive, it is possible
that an outside observer would have drawn different conclusions,
presenting a possible threat to validity. In particular, the iterative
nature of UCD means that assumptions are continually
challenged and revised throughout the development process.
This means the perspectives of team members evolved
throughout the project as more information was uncovered and
incorporated. This paper captures the end point of these
evolutions, but it also means that the process may have looked
different depending on when the participants were interviewed.
We do not believe this represents a significant threat to the
overall utility of the paper in describing the UCD process but
individuals wishing to incorporate similar processes in their
own work should be aware of and open to similar changes in
their own understandings.

Similarly, the utility of mHealth apps is largely dependent on
the surrounding medical environments and patient
characteristics, which may vary by institution and population.
From a structural perspective, for instance, involvement of
health care providers might be necessary to provide trainings
for patients with low technical literacy to ensure successful
application of the app in the real medical settings, requiring
additional staff and resources. From a patient characteristics
perspective, characteristics such as age, health status, health
literacy, and technological literacy may impact uptake of
mHealth interventions. Although these characteristics are
important for widespread dissemination and utilization of
mHealth technology, they are beyond the scope of this study to
explore. Regardless, the benefits of using mHealth to foster
lifesaving preventative care outweigh such potential challenges,
particularly when interventions incorporate UCD principles.
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Abstract

Background: A total of 45% of older adults living in long-term care (LTC) have some form of malnutrition. Several methods
of tracking food and fluid intake exist, but they are limited in terms of their accuracy and ease of application. An easy-to-use,
objective, accurate, and comprehensive food intake system designed with LTC in mind may provide additional insights regarding
nutritional support systems and nutritional interventions.

Objective: The aim of this study was to conduct a multistage participatory iterative design sprint of a Goldilocks quality
horizontal prototype for the Automated Food Imaging and Nutrient Intake Tracking (AFINI-T) system. Specific design objectives
included the following: (1) identify practice-relevant problems and solutions through user-centered participatory design, (2)
mitigate feasibility-related barriers to uptake, and (3) employ user-centered technology development.

Methods: A 6-stage iterative participatory design sprint was developed and executed. A total of 38 participants and advisors
representing 15 distinct roles (eg, personal support worker, nurse, and dietitian) were engaged in the design sprint. Subjective
workload (Raw Task Load Index), subjective usability scales, and a modified Ravden checklist were used to assess project
advisors’ perceptions of the AFINI-T system prototype compared with the current method of food and fluid intake charting.

Results: The top priorities for this system were identified as the following: ease of use, high accuracy, system reliability, ease
of maintenance, and requirement of integrating with the current PointClickCare system. Data from project advisors informed
design decisions leading to a Goldilocks quality horizontal prototype of the AFINI-T system. Compared with the current food
and fluid intake charting system, AFINI-T was perceived to have the following: less time demands (t10.8=4.89; P<.001), less
effort (t13.5=5.55; P<.001), and less frustration (t13.0=3.80; P=.002). Usability ratings of the AFINI-T prototype were high, with
a subjective usability score mean of 89.2 and the highest ratings on a modified Ravden usability checklist of “very satisfactory”
for 7 out of 8 sections.

Conclusions: The AFINI-T concept system appears to have good practice relevance as a tool for an intelligent food and fluid
intake tracking system in LTC. The AFINI-T concept system may provide improvement over the current system, and advisors
are keen to try the AFINI-T system. This research gives tangible examples of how the sprint method can be adapted and applied
to the development of novel needs-based application-driven technology.

(JMIR Hum Factors 2019;6(2):e13017)   doi:10.2196/13017
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Introduction

Background
The link between poor nutritional status and disease is well
established; malnutrition is associated with decreased quality
of life, increased hospital stays, pressure ulcers, morbidity, and
mortality [1-3]. Furthermore, malnutrition-related costs the
health care system US $10 billion per year in each the United
States and United Kingdom [4,5]. Older adults are at increased
risk of nutritional deficiency because of physical and
physiological changes (eg, reduced lean muscle, less efficient
gastrointestinal tracts, and changes in sensory ability such as
smell or taste), in addition to having a higher degree of
comorbidity [6]. Older adults living in long-term care (LTC)
are particularly vulnerable; in Canada, 97% of older adults
require assistance with activities of daily living (including eating
assistance), 90% of the population is living with memory
impairment, 61% of the population is on 10 or more
medications, and 49% of the population is living with depression
[7]; these demographics are similar in the United States [8]. On
the basis of a recent Canadian study, approximately 44% of the
LTC population is malnourished [9], which is consistent with
a systematic review of global research (37 studies, 17 countries;
malnutrition prevalence: 19% to 42%) [10]. Best practice metrics
for ongoing nutritional assessment include monitoring
unintentional weight loss, usual low intake of food, or other
quality indicators to prioritize referrals and monitor effectiveness
of nutritional support systems [11]. However, although
inadequate intake is manageable [12], present guidelines for a
nutritional intervention stipulate a resident must consume less
than 75% of a meal most of the time [13-15]. Half of these
residents who would benefit from an intervention are missed
[14,15] because of difficulties assessing and charting food
intake. Thus, monitoring nutritional status in LTC is crucial but
difficult to do so effectively.

In LTC, nursing assistants or personal support workers (PSWs)
chart food and fluid intake of residents using either a
paper-based or an electronic form to capture intake across a
meal at 25% incremental proportions of intake. The accuracy
of these methods is known to be poor, with incorrect estimates
over 50% of the time [16]. One contributing factor is time
constraints in the LTC environment, and it is further confounded
by frequent retrospective charting, which increases the
probability of reporting errors [13]. Although accuracy is
important to ensure appropriate referrals of residents to a
registered dietitian (RD) [14], the current method fails to
differentiate among aspects of a meal; equal consumption across
a plate is assumed. To address this, Andrews and Castellanos
developed a food-type specific tool; however, consumption was
still underestimated 25% of the time [13]. The challenge remains
that comparisons either require time-consuming methods or
need to be completed by highly qualified personnel [14].

Technological innovations may provide a solution to remove
subjectivity, enhance reproducibility, and inform higher levels
of detail. There has been some progress in automatic food intake
tracking systems. For example, several devices have been
proposed for an individual to track and manage weight loss by

recording intake using a mobile device [17-20]. Although this
on-the-go approach could potentially be modified for appropriate
use in LTC settings, in its current state, it is tailored for a
different purpose, relies on self-monitoring, and does not adhere
to related best practices for food and fluid intake. In addition,
they require a series of images from multiple perspectives [17]
or depend on reference objects to infer scale (ie, fiducial marker)
[19]. In a time-constrained environment such as LTC and
hospital settings, these requirements make these approaches
infeasible. Consistent with this apparent gap, a 2016 review by
Pouladzadeh et al [20] summarizes both traditional and newer
(smartphone vision-based) methods for calorie intake tracking
in the context of weight loss and weight maintenance. They
conclude that several challenges remain, including the following:
the explicit need for user acceptance studies of nutritional
monitoring technology, consideration of more complex meal
scenarios, and computational requirement consideration [20].
Within the LTC context, the closest technological solution was
a comparison to estimate food waste of regular- and
modified-texture diets either with the visual estimation method
or by using digital photographs afterward [21].

Objectives and Goals
The above highlights the need for an easy-to-use, accurate, and
comprehensive food intake system designed with the LTC
context in mind. The goal of this research was to collaborate
with representative end users to design a novel prototype system
for Automated Food Imaging and Nutrient Intake Tracking
(AFINI-T). End users in this context were team members
working in LTC, involved in monitoring resident food intake
(eg, PSWs and RDs). We developed a Goldilocks quality
horizontal prototype by accomplishing the following objectives:
(Objective 1) identify practice-relevant problems through
user-centered participatory design, (Objective 2) remove
feasibility-related barriers to uptake, and (Objective 3) facilitate
confidence in design decisions for user-centered technology
development. Our guiding principle was to accelerate research
to uptake of novel technological solutions through
practice-informed research. Each of the 3 objectives outlined
above had several goals as follows: (Goal A) understand
workflow and the problem space including user perceptions of
workload of the current system (Objective 1); (Goal B) conduct
a needs assessment within the problem space (Objective 1);
(Goal C) establish functional criteria for usability and feasibility,
including user interface requirements (Objective 2); (Goal D)
evaluate a user-driven, practice-relevant early-stage prototype
to inform future directions, including user perceptions of
workload, usability, and receptivity of the AFINI-T system
prototype (Objective 3). The primary contribution of this study
is the novel AFINI-T system design created through the
participatory iterative design by (1) the identification of
functionality requirements and design considerations, (2) the
findings and insights from user testing, and (3) a demonstration
of and reflection on the effectiveness of this participatory
iterative design methodology with a multidisciplinary team of
project advisors. The remainder of this paper is organized as
follows: the combined Design Stages section presents the 6
stages used in the design process, along with related results and
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discussion for each stage, followed by a general discussion
before closing with overreaching conclusions.

Methods

Overview
Our goal was to create a Goldilocks quality horizontal prototype.
“Goldilocks quality” refers to having the “just right” amount
of fidelity to elicit useful feedback from users without having
to build an entirely functional prototype [22]. A horizontal
prototype refers to a user interface–based design to allow user
feedback on an early-stage conceptual walk-through of the
process [23]. We implemented an iterative participatory iterative
design process, modeled off the Google Sprint framework, to
develop and evaluate this prototype for monitoring food and
fluid intake in LTC [22,24]. The 6 stages of our process were
the following:

1. STAGE 1: Design Ideation

2. STAGE 2: Reflect and Storyboard (see Multimedia Appendix
1)

3. STAGE 3: Storyboard Critiques (see Multimedia Appendix
1)

4. STAGE 4: Design of the Goldilocks Quality Horizontal
Prototype

5. STAGE 5: Usability Assessment
6. STAGE 6: Final Validation

The design process was guided by several conceptual
frameworks: (1) conducting interdisciplinary research [25,26],
(2) leveraging user-centered design and participatory design
[27,28], (3) applying rapid prototyping methodology via a
modified Sprint [22,23]; (4) applying best practices for user
interface design [23,29-33]; and (5) evaluating usability [34,35]
and perceived workload [36]. The flow of information through
each stage is shown in Figure 1. For brevity, the methods
(including collaborators, data captured, and analyses), results,
and discussion for Stages 1 and 4 to 6 are presented below,
within the context of each stage; details regarding Stage 2 and
3 can be found in Multimedia Appendix 1 [37-43].

Figure 1. An overview of the 6 stages (eg, S1 means Stage 1), including information flow between stages. Solid arrows indicate results directly
influencing design output (eg, S2’s story boards and S4’s Goldilocks prototype). Dashed arrows indicate feedback on a design stage. Feedback was
collected from expert input (S1, S6 in green) and from ongoing project advisor engagement input (S3, S5 in pink).

STAGE 1: Design Ideation – Methods
The purpose of Stage 1 was to engage with end users as
collaborators to establish design directions. Specifically, we
sought to understand the current workflow, evaluate priorities,
understand the perceived workload of the current system, and
identify potential project advisors. The output from this directly
informed Reflect and Storyboard (Stage 2) and Usability
Assessment (Stage 5).

Participants
Stage 1 comprised a 60-min workshop in which 3 activities
were completed: Activity 1: The “Ask the Experts” activity;
Activity 2: Priority ranking survey completion; and Activity 3:
“Vote with dots” exercise to keep participants engaged and
reflect on priorities. A total of 3 research assistants, plus the
lead author, took notes during this discussion and transcribed
several comments verbatim. Following the workshop, 3 informal
open-ended interviews were conducted to further inform the
problem space. The lead author took notes during these
interviews; several comments were transcribed verbatim.

For the workshop, 21 participants representing 12 LTC and
retirement homes were recruited through self-enrollment with
the following roles: Administrative Assistant, Chef, Dining
Lead (similar to a dining room manager), Director of Recreation,
Dietary Aides, Neighborhood Coordinator, Recreation Assistant,
Restorative Care, Senior Nurse Consultant, Directors and
Assistant Directors of Food Services, Nurse, and PSWs.
Activities were discussed with the Schlegel-UW Research
Institute for Aging’s (RIA) Research Application Specialist for
input on how to successfully conduct this exercise with front-line
team members.

Tools

Activity 1: The “Ask the Experts” Activity

Workshop participants were asked about their experience with
food and fluid intake. This aimed to build participants’
confidence in the value of their experiences while probing
current workflow and problem space.

Activity 2: Priority Ranking Survey

Participants independently completed a survey to evaluate
priorities and needs to limit bias. This survey asked about the
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current charting process (eg, when it is done, task completion
time, and barriers and facilitators to task completion). For
evaluating priorities, 5-point Likert scales were used to rate 16
statements’ importance from “Not Important” (ie, 0) to “Very
important” (ie, 4) or “Not Applicable.” Perceived workload of
the current system was retrospectively evaluated with the Raw
Task Load Index (RTLX) [36,44] for its application simplicity
and comparability to the NASA-TLX [44-47].

Activity 3: “Vote With Dots” Exercise

Modeled from the study by Knapp et al [22], participants
transposed their individual Activity 2 responses into a group
response by voting their preference using stickers on giant sticky
notes to amalgamate opinions, keep participants engaged, and
facilitate additional discussion.

Statistical Analysis
Given the nature and size of this pilot study, a preliminary
thematic analysis was used for qualitative components (eg,
discussions, comments, and verbal/written feedback) that was
combined with descriptive statistics for quantitative information,
including the average (µ), SD(σ), mode, and median scores [48].
For scales with 5 or more categories (eg, RTLX), µ(σ) is used;
the mode was used for categorical data with fewer than 5
categories (eg, Ravden Checklist). A weighted average was
used to analyze Likert survey questions, excluding “Not
Applicable,” to yield a ranking of each statement.

STAGE 4: Design of the Goldilocks Quality Horizontal
Prototype – Methods
The purpose of Stage 4 was to create low-fidelity prototypes
by incorporating the most promising solution concepts identified
through the storyboard critiques in Stage 3. These prototypes
were then used for pilot evaluation in Stage 5’s usability
assessment.

Tools
Design decisions were informed by heuristics, as in Stage 2
[23,32,33], and feedback received from the storyboard critiques
in Stage 3. The following heuristics were emphasized: universal
usability was considered by testing the prototypes with different
types of users (eg, academics and PSWs), providing informative
feedback and error prevention, the output in this stage (Stage
4) was a Goldilocks quality horizontal prototype. This included
interfaces for each of the 3 levels of primary users currently
involved in residents’ food and fluid intake charting (ie, PSW,
registered nursing team, and RD).

STAGE 5: Usability Assessment – Methods
The goal of Stage 5 was to elucidate preliminary feasibility
early on with end users through the evaluation of prototypes
through pilot testing. The output from this stage informed how
the prototypes could be improved for the development of a
working system in the future.

Prototypes were evaluated by comparing perceptions of the
AFINI-T prototype with the system currently in place with
regard to usability and workload. Usability was assessed using
the Subjective Usability Scale (SUS) [34] from the user
perspective and a modified Ravden usability evaluation checklist

[35] from technical experts’ perspectives; items pertaining to
help, including all of section 9, were removed, as this was
beyond the scope of the Goldilocks quality horizontal prototype.

Participants
A total of 4 project advisors from Stage 4 were tester participants
(PSW, Dining Lead, Dietary Aide, and Nutrition Research
Expert). By word of mouth, 2 new project advisors requested
inclusion as observers for a total of 6 advisors. All testing was
completed in person though one-on-one sessions. Testing
sessions were audio-recorded and relevant quotes were
transcribed verbatim. Testing began with an interview
walk-through of the prototypes based on the script adapted from
a study by Knapp et al [22] to ascertain usability and feasibility
barriers. A novel, predefined strict set of tasks was completed
by each advisor. The student investigator completed a checklist
to capture the degree of success to which each task was
completed (ie, success, required prompting, or failed).

Tools
The RTLX [36,44] was administered to enable comparison of
perceived workload of the current method in place with the
AFINI-T system prototype (Table 1). Usability was assessed
with the SUS, which was selected over other usability
questionnaires for its ease of use, minimal training requirements,
and low application time [45,49]. The RTLX and SUS were
also completed by the 2 observers (Director and Assistant
Director of Food Services) based on their experience during the
observation. These 2 project advisors had no previous experience
or knowledge of this project.

For evaluating usability more formally, an adapted Ravden
checklist was used by 2 technical experts with backgrounds in
systems design engineering and limited exposure to the users’
perspectives. The Ravden checklist was selected for its low cost
and ease of use to assess the interface with good interrater
reliability and predictive validity [45,49] (Multimedia Appendix
3).

Statistical Analysis
A 2-tailed t test assuming unequal variances [50,51] was
conducted to compare the current system and the AFINI-T
system for users’ perceived workload for the RTLX.
Quantitative data were analyzed using descriptive statistics,
with highlights from qualitative data as described in Stage 1.

STAGE 6: Final Validation – Methods
The goal of Stage 6 was to receive additional feedback from a
group of RDs, directors, and assistant directors of food services
to provide a fresh perspective to minimize bias.

Participants
The RDs, directors, and assistant directors of food services from
across the Schlegel Villages were invited to participate in a
webinar outlining the progress to date, along with tandem survey
completion for assessing perceived usability and workload. A
total of 13 people participated in the webinar (43% participation
rate), which is consistent with the typical attendance of quarterly
dietitian meetings at Schlegel Villages because of scheduling
complexities.
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Results

STAGE 1: Design Ideation – Results
Results from Stage 1 pertained to Objective 1: address a
practice-relevant problem through user-centered participatory
design (Goals A and B) and Objective 2: remove
feasibility-related barriers to uptake and are as follows (Goal
C):

Goal A: Understand Workflow and Problem Space
PSWs, registered nursing team, and RDs are primary users who
conduct charting of food and fluid intake on iPads. This charting
is completed whenever primary users have time, which could
be during meal service or retrospectively, consistent with the
study by Andrews and Castellanos [13]. In a follow-up
discussion with the organization-wide director of food services,
who is responsible for policy, she indicated that conducting
food intake in real time is mandated (as opposed to
retrospectively), but from the workshop discussion, it is clear
there is a gap between policy and practice. Although the
workflow of AFINI-T is congruent with this mandate, a solution
to support this mandate in practice may require policy
modifications. For example, a person may need to be assigned
to the sole task of tracking food and fluid intake during
mealtime, which means he or she would be unavailable to
provide assistance with residents’ care needs for the duration
of the meal. Changing policy is outside the scope of the current
AFINI-T project but having sensitivity to this issue provides

helpful context and informs that this may be a potential barrier
to uptake of the system in practice.

Regarding the current system, respondents appreciated the
ability to track fluids, so they need not manually add, and the
output has units (mL). Although the current system is
dependable, substantial barriers and limitations were identified
regarding the effectiveness and accuracy of the current system.
A workshop participant shared:

What’s being collected for solid food isn’t useful. It’s
so high level and minimal can’t make use of it. [We]
can’t infer anything regarding health or category of
at-risk. [We] look at last 7 days, see “they had 75%
of a meal so they're eating well”, but it doesn't say
anything. [We] don’t get a lot of info from the charts.

Insufficient time, data inaccuracy, unreliability, and
nonstandardized measurements were identified as the largest
barriers for task completion. In addition, the inability to
differentiate among types of foods and lack of relation to
original serving size lead to data interpretation difficulties. For
example, some residents prefer half portions; if they eat half of
their portion, this could be recorded as 50% (ie, half of the
serving they received) or it could be input as 25% (ie, one-fourth
relative to the full portion). There is no guarantee that the
proportion is input accurately or consistently. These themes
were apparent through 2 sources, the “Ask the Experts” as well
as on the survey. For more detail regarding the current system’s
retrospective analysis of perceived user workload, see the
sections of Table 1 pertaining to the “Current” system.
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Table 1. Comparing retrospective perceived users’ workload measures of current food/fluid intake system from Stage 1 to the Automated Food Imaging
and Nutrient Intake Tracking prototype results from Stage 5.

P valuet test (df)Responses, NMaximumMinimumMode(s)MeanWorkload demanda and system

Mental demand

.0232.56 (13.8)10194610.2Current

.0232.56 (13.8)610134.4AFINI-Tb

Physical demand

.1831.41 (12.5)915126.4Current

.1831.41 (12.5)66113.5AFINI-T

Time demand

<.0014.89 (10.8)102051916.7Current

<.0014.89 (10.8)612135.5AFINI-T

Performance

.7220.722 (13.7)1020318, 2015.2Current

.7220.722 (13.7)620112016.8AFINI-T

Effort

<.0015.55 (13.5)10206613.2Current

<.0015.55 (13.5)67133.7AFINI-T

Frustration

.0023.80 (13.0)102011511.5Current

.0023.80 (13.0)68123AFINI-T

aValues could take on a range from 0 to 20; 0 implies no workload and 20 implies highest imaginable workload except in the case of performance which
is reverse coded.
bAFINI-T: Automated Food Imaging and Nutrient Intake Tracking.

Goal B: Conduct a Needs Assessment of Problem Space
Including Priority Areas
Workshop participants were asked to rate need statements’
importance. The top 3 ranked priorities were tied among (1)
“ease of use” and “accuracy” (µ=3.9, mode: “very important,”
15 out of 16 votes), (2) “reliability” and “maintenance” (µ=3.9,
mode: “very important,” 14 out of 16 votes), and (3) “The
system should work well with PointClickCare” (µ=3.8, mode:
“very important,” 12 out of 16 votes).

The following 5 themes emerged as wishes for a novel system
to extend beyond the current infrastructure: (1) being able to
leverage weight of food as a ground truth instead of relying
solely on subjective proportions, (2) having the ability to track
trends over time, (3) being able to discriminate among types of
food, (4) being able to include fluid intake as well to
discriminate between types of fluids, and (5) operating the
system in different modes to accommodate various use cases
(ie, in the dining room vs for in-room service). One additional,
complementary theme relevant to priorities, identified

independently through 3 interviews, was the need to support
prioritizing referrals that consider symptoms and risk flags’
severity. One project advisor articulated:

There is 1 Registered Dietitian for 300 residents. It’s
impossible to track properly … People are often
missed because nurses aren’t identifying properly…
If charting were accurate, this would help with the
referral process.

Goal C: Establish Functional Criteria for Usability and
Feasibility
The current system mode time to complete the task defined the
time completion target: 10 to 14 min, maximum, per
neighborhood (ie, “ward”) comprising 16 residents. Of the 21
workshop attendees, 11 self-identified as being involved in
charting resident food and fluid intake and were asked about
the amount of time required to complete intake charting for
each type of food, fluid, or snack. Survey responses are outlined
in Table 2.
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Table 2. Summary of length of time required to complete food and fluid intake charting for 1 neighborhood comprising 16 residents (Stage 1).

Time range (min)Responsesa, n/N (%)Mode time (min)Charting type

<10 to 25+3/9 (30)10 to 14Food (meal)

<10 to 254/10 (40)10 to 14Fluid

<10 to 195/9 (64)<10Snack

an is the number of responses with the mode rating out of N, the total number of responses.

STAGE 4: Design of the Goldilocks Quality Horizontal
Prototype – Results
Design heuristics were applied in the 4 ways, and sample output
from this stage is illustrated in the right pane of Figures 2 and
3 with additional inspiration from commercially available online
health care tools (Multimedia Appendix 2) First, related to
universal usability, mapping was considered through matching
the system with users’ language and familiar concepts in reality
(eg, Figure 2 contains tab names for snacks, such as “AM,”
“PM,” and “HS”, which refer to the morning, afternoon, and
evening snacks, respectively) [23,32]. Second, informative
feedback on a change of state was provided [23,33] when users

attempted to submit or track an action; there is a pop-up banner
at the bottom of the screen (not shown). Third, error prevention
[23,32,33] was incorporated through limiting types of responses
and providing feedback. For example, the PSW interface would
prompt for a picture or a progress note before submission, with
the ability to finish charting at a later point of the meal service.
Fourth, efforts were made to reduce short-term memory load
and enhance visibility/discoverability [23,32,33] by placing the
workspace into panes, with all information accessible on 1
screen. Other features included making “smart” suggestions
when selecting items or filling out portion sizes. For example,
notes entered from the RD interface (not shown) would auto
populate on the RD instructions tab in the PSW interface.
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Figure 2. Stage 2 personal support worker user interface. Output from Stage 3 included a heat map on the most promising aspects (red indicates more
votes, n=5) with qualitative feedback highlights for additional considerations. The right pane illustrates an example of the prototype interface. Numbers
correspond to the flow of information and adapted feedback from Stage 2 through to 3 and 4 using the first example (#1 in pink) to further illustrate
flow with the dashed arrow.
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Figure 3. Stage 2 Registered Dietitian user interface. Output from Stage 3 included a heat map on the most promising aspects (red indicates more votes,
n=5) with qualitative feedback highlights for additional considerations. The right pane illustrates an example of the prototype interface with a sample
pop-out box. The numbers correspond to the flow of information and feedback from Stage 2 through to 3 and 4 using the first example (#1 in pink) to
further illustrate flow with the dashed arrow.

STAGE 5: Usability Assessment – Results
Stage 5 results address Objective 3: Facilitate confidence in
design decisions and empower user-centered technology
development (Goal D).

Goal D: Evaluate a User-Driven, Practice-Relevant
Prototype
Subjective usability was rated as “acceptable” with an average
SUS score of 89.2, with the lowest and highest SUS scores of
72.5 and 97.5, respectively, translating to a B+ on the grade
scale [52,53]. Mapping these scores onto the adjective ratings
as described by Bangor et al, the majority of usability scores (5
out of 6) therefore fell between “excellent” and “best
imaginable.” In line with these quantitative results, users
commented that, “It’s quite intuitive, the key things were easily
found,” “It’s a lot but it’s easy to learn and it’s colourful,” “I’m
not technologically inclined, but most things I was able to do
intuitively,” and “I think someone could use this if they were
just thrown onto the floor with it.”

As highlighted in Table 1, performance was rated comparably,
with an average score of 16.8 and 15.2 for the AFINI-T and
current systems, respectively. In the case of mental demand,
time demand, and effort and frustration, subjective workload
ratings were significantly lower for the AFINI-T system than
the current system (P<.05). These results suggest the AFINI-T
system is perceived to require less effort and lower overall
workload than the current system. This is consistent with
comments from the participants including the following: “[This
would take a] huge burden off me as a clinician. This is hugely

better than paper… there are no guestimates… I don’t have to
do work.” and “It makes life so much easier.”

For the AFINI-T system prototype in Stage 5, receptivity to the
prototype was positive, with several areas identified for
improvement. For example, the following was said regarding
the general concept for the dietitian interface: “[It] would be
good to personalize these specific needs and set it so the flags
sent to nursing/PSW for these items based on what dietitian
enters …This would save a lot of time especially if
individualized.”; “Capturing [supplement intake] would enable
dietitians to monitor intervention adherence … If it shows up
that they never have it, then great feedback to change the
intervention.”

A total of 2 technical experts completed a modified Ravden
usability checklist evaluation with favorable ratings (Multimedia
Appendix 3). Ratings across both raters for sections 1 to 8 were
very satisfactory (7 out of 8 sections) or split among
“satisfactory” and “very satisfactory” (1/8 sections) and mode
for section 10 on system usability of “no problems.” Consistent
with comments from user testing, the main suggested area for
improvement was to increase customizability options (eg, sort
resident list in multiple ways, allow more flexibility in the order
of operations such as allow charting before a picture is taken).

STAGE 6: Final Validation – Results
Receptivity of participants in Stage 6 was generally positive.
The main reservation pertained to how the system would
integrate with the current method and PointClickCare
(corroborated in Stages 1, 5, and 6) and, more generally, the
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workflow. For example, 3 webinar participants’direct messages
were as follows: (1) “I love the idea of this system, we are
concerned about workload, as well as if the systems (AFINI-T
and PCC) talk to each other”; (2) “Would this be a separate
system that would be linked to PCC?”; and (3) “I hope a PCC
progress note is generated from any notes [a registered dietitian]
adds.”

Finally, participants expressed reservations regarding the
proposed AFNI-T system. One dietitian expressed concern about
overemphasizing the importance of nutrition “in a population
that should have the main focus of just making sure [residents]
are enjoying the food we are serving.” There was also concern
over how this will translate to Ontario Ministry of Health and
Long-Term Care (MOHLTC) inspectors’ inspections and the
perception that using a system like this will take more time. In
addition, it was stated that there was no perceived value to
having access to more detailed nutrient data in the LTC
population as, to them, the largest issue contributing to
malnutrition is the impact dementia has on the calories
consumed. However, they did suggest that if there was an ability
to screen for residents to focus on only those at greater risk for
malnutrition that the AFINI-T system would be helpful while
still meeting the MOHLTC standards, as only those at risk for
malnutrition are mandated to track food and fluid intake. This
provides an interesting complementary perspective and warrants
further probing and discussion.

Discussion

Summary
The overall purpose of this study was to investigate the gap for
user acceptance studies and work toward a feasible food and
fluid intake tracking solution for use in LTC through a
participatory iterative design process and the creation and
evaluation of a Goldilocks quality horizontal prototype. Specific
contributions of this study were the following: (1) identify
practice-relevant problems and solutions through user-centered
participatory design, (2) remove feasibility-related barriers to
uptake, and (3) facilitate confidence in design decisions and
empower user-centered technology development.

We applied a rapid prototyping methodology via a modified
Sprint process [22,23]. For the AFINI-T prototype, the data
collection and design part of our modified sprint took place over
6 weeks rather than the suggested 5 days. This was because of
the infeasibility of having an entire team of project advisors
dedicated full time based on volunteered time, in addition to
project advisors’ regular full-time responsibilities. The
discussion below is meant to elucidate several challenges in
applying this framework in the academic research environment.
In addition, we deepen our reflection on feedback received on
the perception of the necessity of nutrient intake tracking in
LTC with particular emphasis on this need within the dementia
context.

Challenges of Applying the SPRINT Framework in
Academic Research

Potential Challenges Around Organizing Activities
We were fortunate to have had our proposed workshop (Stage
1) accepted by the RIA and the Schlegel Villages as part of their
annual Innovation Summit. This enabled us to gain momentum
and build rapport from the in-person meeting and enabled many
perspectives across several homes (within the same organization)
to guide the direction for this project. If this infrastructure were
not in place, coordinating the initial workshop would have been
more challenging but not impossible with the following
modifications. Initial discussion could have taken place with
key stakeholders at targeted meetings (eg, quarterly dietitian
meeting, and monthly team meetings). This would have required
more travel and more time at the outset. The authors were also
fortunate to have experience conducting applied research in the
LTC environment. For others who may be newer to this
approach, we recommend arranging a multiple day observation
or volunteer experience to learn what the work environment is
like to authentically understand the nuances of the needs and
environment. We believe one key factor is to identify a
necessary but highly inefficient and unreliable process.

Addressing the Need to Connect From a Distance
Many of the SPRINT activities were designed to be conducted
in person. This was infeasible, given the time, distance, and
multiple location constraints of project advisors’ participation.
As a result, many activities required modifications to
approximate the intended function of the original activities. For
example, the voting exercise and generating heat maps in Stage
2 were meant to be conducted in person with a group discussion.
We made modifications by using the Qualtrics system for
creating a Web-based survey paired with a Zoom meeting to
enable discussion and screen sharing between each advisor and
the lead author. In addition, tutorials needed to be developed
and built into the Web-based survey (eg, how to make a vote
and practice voting). It was crucial that this data collection tool
development go through more than one iteration. We worked
with an advisor from the support office to ensure the survey
made sense, used sensitive language, and was streamlined
enough to reduce potential frustration with completion.

Lessons Learned From Conducting Activities
Although Stages 1 to 6 all informed the design process, 1
specific opportunity for further enhancement was at Stage 6.
We conducted a hybrid webinar survey to connect during a
quarterly dietitian meeting. The concept of the AFINI-T system
was completely new to the majority of participants, which made
it difficult to build rapport with this group. However, we believe
that at this stage of the design process, this was a strength; this
may have helped participants provide candid, objective
feedback. That said, there were several examples of difficulty
in keeping webinar participants engaged. For example, the
webinar was run with a brief adjournment for completion of a
survey that was then used to encourage group discussion. The
ability to take a poll during the webinar may have been more
effective at keeping engagement. In addition, the method by
which participants attended was inconsistent across locations.
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For example, most participants joined individually; however,
at venues where multiple participants joined from 1 location
(eg, RD, director, and assistant director of food services), they
filled out the corresponding survey together as well. This may
have resulted in bias in some of the feedback collected but also
enabled conversation and collaborative thought. Given the
exploratory, qualitative nature of the feedback received during
this stage, it does not undermine the results of previous stages
and, for Stage 6, may have resulted in more critical appraisal
from potential group discussion.

Timeliness in the Time-Constrained Dementia Care
Context
One substantial difference between previous work on developing
technology for consumer-centered nutrient intake tracking
[17-20] and the work presented in this paper is that the purpose
of our technology is to support tracking in a regulated LTC
environment. This means considerations regarding consumer
uptake and use are different than with general consumer market.
For example, the novelty does not arise from tracking food and
fluid intake per se; this is something that is already mandated
for at-risk residents. Instead, the novelty is in improving the
method for tracking beyond the current system in place. Other
research involving diet tracking apps tends to focus on weight
loss and is meant for tracking of an individual’s food intake by
the individual. Here, we seek to leverage LTC as an
infrastructure already in place to conduct more efficient
mandated multiperson monitoring.

The role of nutrition as part of a holistic care plan for individuals
living with dementia is discussed in the 2015 European Society
for Parenteral and Enteral Nutrition guidelines. They indicate
that malnutrition contributes to disease progression and
increased caregiver burden and that “nonpharmacological
strategies like nutritional interventions are of particular interest
as part of disease management” [54]. There is evidence to
suggest that adhering to a particular pattern of dietary intake
(eg, the Mediterranean diet) is associated with reduced cognitive
decline [55]; however, these authors state “more conclusive
evidence is needed to reach more targeted and detailed
guidelines to prevent or postpone cognitive decline.” Leveraging
the necessity to monitor at-risk residents living in LTC through
a novel, objective approach to food intake tracking may be
beneficial for gaining new insights for defining guidelines.

Specifically considering the dementia care context and
nutrition’s role in the process, according to a 2016 systematic
review [56], relatively few interventions have been conducted
to explore the effect of food intake in mild cognitive impairment
or dementia. They conclude that all 43 controlled interventions
were at risk of bias and resulted in no consistent evidence either
in support or against the effectiveness of nutrition-focused
interventions [56]. By providing an alternative method for
tracking, we seek to improve upon how these allocated resources
are used and aim to provide more informative data. One future
direction of the AFINI-T system is to use artificial intelligence
to learn food preferences. Circling back to feedback we received
in Stage 6, we wish to clarify that through this approach, the
AFINI-T system may support caregivers’ efforts in promoting
enjoyment of food consumed for residents with communication

changes as part of living the dementia journey. Within the
scientific community context, in addition, the proposed AFINI-T
system may enable knowledge discovery through a thorough
automated approach to understanding dietary patterns in the
LTC context and beyond.

Limitations
Between workshop participants and project advisors, 27 unique
collaborators representing 15 different roles were engaged in
this participatory iterative design process. This sample size is
consistent with recent analogous health care–related,
user-centered design as well as usability and feasibility studies
[57-65], with sample sizes ranging from 5, as in the study by
Khan et al [61], to 32, as in the study by Roberts et al [65].
Between 11 and 13 additional participants were involved in the
webinar exercise and contributed to 9 survey responses (several
individuals filled out a response together). Therefore, the total
sample size ranged between 35 and 40; however, not all
collaborators contributed to every aspect of the process (eg,
user testing in Stage 5 comprised a subsample of 6 individuals).
Although this sample size is consistent with early pilot-project
prototyping [26,57-65], generalizability remains unclear. As
the team of project advisors was relatively small and from the
same organization, it will be important for the final product to
be tested with a larger sample of users to make sure that the
concepts captured more broadly generalize well to users’needs.

In terms of the physical design requirements, additional
discussion is required, as the exact location to house the system
remains unclear, as do size restrictions. What was gleaned,
however, is that the AFINI-T system must work on the iPad, as
this is what is currently in use. The acceptable level of accuracy
target was not well defined with project advisors. That said, we
can turn to the literature for some insight and important context.
There is a tendency for frequent overestimation of food
consumption [14,16]; in terms of degree of inaccuracy, estimates
of food intake are typically over 50% for food items [16,66],
with reported overestimation of food 22% of the time [14].
Furthermore, the source of error is said to be random [66],
implying compensation is not possible with current methods.
With the AFINI-T system, we should set our targets to be much
more stringent, as the automated image-based system removes
subjectivity. Careful documentation and exploration of the
conditions where the system does not perform optimally will
be necessary. One challenging situation is plates where the food
items get mixed up over the course of the meal. However, even
more crude estimates, where we assume equal eating
distributions across types of foods for a plate average, would
still improve on the current system as it eliminates subjectivity
and reflects relative changes in mass and volume. In terms of
time requirements and concerns raised in Stage 6, this is valid
and is a next step. When the fully functional prototype is
developed, it will be important to evaluate task completion time.
Even if the AFINI-T system requires a comparable amount of
time, it will yield a trove of powerful nutritional insights so
direct comparison of approaches may be more complex than a
simple timed trial.

Although it was clear that the project advisors were relatively
diverse, no demographic information was collected; this should
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be considered moving forward, especially when recruiting for
a larger sample for user testing. A larger sample size for the
final prototype will help deepen our understanding of usability.
Finally, given the stage of this research, qualitative analyses
were limited to extracting overarching themes across sources;
an additional avenue for future work, pending completion of a
high-fidelity prototype, is to conduct a more thorough qualitative
analysis vetted in an evaluation framework (eg, grounded theory
or narrative content analysis) alongside prototype testing and
evaluation.

Conclusions
The purpose of this research was to conduct a multistage
participatory iterative design sprint of a Goldilocks quality
horizontal prototype for the AFINI-T system. Through input
from 38 unique collaborators representing 15 distinct roles,

design decisions were informed through the application of this
user-centered participatory iterative design sprint. Output from
these various stages suggest that although careful consideration
for integration with the PointClickCare system is needed, as
well as, more generally, policy expectations, project advisors
are keen to try a technology like this. Advisors seem to be
engaging with the AFINI-T prototype, are receptive to the idea,
and are enjoying it. This modified participatory iterative design
sprint was effective at understanding the problem space, making
informed design decisions, and evaluating receptivity to a novel
prototype, all within a compressed period of time (ie, 6 weeks).
Next steps for the AFINI-T system include incorporation of
learnings from this process and the development of a fully
working prototype for additional user testing. We recommend
this approach to others for general technology development.
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Multimedia Appendix 3
A summary of the Ravden usability checklist evaluation conducted by 2 technical experts; section 9 was removed as it was not
applicable to this version of the prototype.

[PDF File (Adobe PDF File), 23KB - humanfactors_v6i2e13017_app3.pdf ]

References
1. Keller HH, Østbye T, Goy R. Nutritional risk predicts quality of life in elderly community-living Canadians. J Gerontol A

Biol Sci Med Sci 2004 Jan;59(1):68-74. [Medline: 14718488]
2. Pirlich M, Lochs H. Nutrition in the elderly. Best Pract Res Clin Gastroenterol 2001 Dec;15(6):869-884. [doi:

10.1053/bega.2001.0246] [Medline: 11866482]

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e13017 | p.192http://humanfactors.jmir.org/2019/2/e13017/
(page number not for citation purposes)

Pfisterer et alJMIR HUMAN FACTORS

XSL•FO
RenderX

humanfactors_v6i2e13017_app1.pdf
humanfactors_v6i2e13017_app1.pdf
humanfactors_v6i2e13017_app2.pdf
humanfactors_v6i2e13017_app2.pdf
humanfactors_v6i2e13017_app3.pdf
humanfactors_v6i2e13017_app3.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14718488&dopt=Abstract
http://dx.doi.org/10.1053/bega.2001.0246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11866482&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


3. Thomas DR, Ashmen W, Morley JE, Evans WJ. Nutritional management in long-term care: development of a clinical
guideline. Council for Nutritional Strategies in Long-Term Care. J Gerontol A Biol Sci Med Sci 2000
Dec;55(12):M725-M734. [Medline: 11129394]

4. Goates S, Du K, Braunschweig CA, Arensberg MB. Economic burden of disease-associated malnutrition at the state level.
PLoS One 2016;11(9):e0161833 [FREE Full text] [doi: 10.1371/journal.pone.0161833] [Medline: 27655372]

5. Russell C. The impact of malnutrition on healthcare costs and economic considerations for the use of oral nutritional
supplements. Clin Nutr Suppl 2007 Jan;2(1):25-32. [doi: 10.1016/j.clnu.2007.04.002]

6. Brownie S. Why are elderly individuals at risk of nutritional deficiency? Int J Nurs Pract 2006 Apr;12(2):110-118. [doi:
10.1111/j.1440-172X.2006.00557.x] [Medline: 16529597]

7. Ontario Long Term Care Association. 2016. This is long-term care 2016 URL: https://www.oltca.com/oltca/documents/
reports/tiltc2016.pdf [accessed 2019-04-18] [WebCite Cache ID 77iaC2Lnr]

8. Harris-Kojetin L, Sengupta M, Park-Lee E, Valverde R. Long-term care services in the United States: 2013 overview. Vital
Health Stat 3 2013 Dec(37):1-107 [FREE Full text] [Medline: 26158640]

9. Keller H, Carrier N, Slaughter S, Lengyel C, Steele C, Duizer L, et al. Prevalence and determinants of poor food intake of
residents living in long-term care. J Am Med Dir Assoc 2017 Nov 01;18(11):941-947. [doi: 10.1016/j.jamda.2017.05.003]
[Medline: 28668663]

10. Bell CL, Tamura BK, Masaki KH, Amella EJ. Prevalence and measures of nutritional compromise among nursing home
patients: weight loss, low body mass index, malnutrition, and feeding dependency, a systematic review of the literature. J
Am Med Dir Assoc 2013 Feb;14(2):94-100. [doi: 10.1016/j.jamda.2012.10.012] [Medline: 23246236]

11. Dietitians of Canada. 2013 Apr. Best Practices for Nutrition, Food Service and Dining in Long Term Care Homes Internet
URL: https://www.dietitians.ca/Downloads/Public/2013-Best-Practices-for-Nutrition,-Food-Service-an.aspx [accessed
2019-04-16] [WebCite Cache ID 77g6rwzxI]

12. Sloane P, Ivey J, Helton M, Barrick A, Cerna A. Nutritional issues in long-term care. J Am Med Dir Assoc 2008
Sep;9(7):476-485. [doi: 10.1016/j.jamda.2008.03.005] [Medline: 18755420]

13. Andrews Y, Castellanos V. Development of a method for estimation of food and fluid intakes by nursing assistants in
long-term care facilities: a pilot study. J Am Diet Assoc 2003 Jul;103(7):873-877. [doi: 10.1053/jada.2003.50168] [Medline:
12830027]

14. Simmons S, Reuben D. Nutritional intake monitoring for nursing home residents: a comparison of staff documentation,
direct observation, and photography methods. J Am Geriatr Soc 2000 Feb;48(2):209-213. [Medline: 10682952]

15. Simmons S, Schnelle J. Feeding assistance needs of long-stay nursing home residents and staff time to provide care. J Am
Geriatr Soc 2006 Jun;54(6):919-924. [doi: 10.1111/j.1532-5415.2006.00812.x] [Medline: 16776786]

16. Castellanos V, Andrews Y. Inherent flaws in a method of estimating meal intake commonly used in long-term-care facilities.
J Am Diet Assoc 2002 Jun;102(6):826-830. [Medline: 12067049]

17. Kong F. Michigan Technological University. 2012. Automatic food intake assessment using camera phones URL: https:/
/digitalcommons.mtu.edu/cgi/viewcontent.cgi?article=1493&context=etds

18. Meyers A, Johnston N, Rathod V, Korattikara A, Gorban A, Silberman N, et al. Proceedings of the IEEE International
Conference on Computer Vision. Im2Calories: towards an automated mobile vision food diary URL: http://openaccess.
thecvf.com/content_iccv_2015/html/Meyers_Im2Calories_Towards_an_ICCV_2015_paper.html [accessed 2019-04-16]
[WebCite Cache ID 77g7aXflq]

19. Okamoto K, Yanai K. An automatic calorie estimation system of food images on a smartphone. In: Proceedings of the 2nd
International Workshop on Multimedia Assisted Dietary Management. 2016 Presented at: MADiMa '16; October 16, 2016;
Amsterdam, The Netherlands p. 63-70 URL: https://dl.acm.org/citation.cfm?id=2986040 [doi: 10.1145/2986035.2986040]

20. Pouladzadeh P, Shirmohammadi S, Yassine A. You are what you eat: so measure what you eat!. IEEE Instrum Meas Mag
2016 Feb;19(1):9-15. [doi: 10.1109/MIM.2016.7384954]

21. Parent M, Niezgoda H, Keller H, Chambers L, Daly S. Comparison of visual estimation methods for regular and modified
textures: real-time vs digital imaging. J Acad Nutr Diet 2012 Oct;112(10):1636-1641. [doi: 10.1016/j.jand.2012.06.367]
[Medline: 23017574]

22. Knapp J, Zeratsky J, Kowitz B. Sprint: How To Solve Big Problems And Test New Ideas In Just Five Days. New York:
Simon & Schuster; 2019.

23. Norman D. The Design Of Everyday Things: Revised And Expanded Edition. New York: Basic Books; 2019.
24. Nielsen J. Usability Engineering. Cambridge: Morgan Kaufmann; 1994.
25. Boger J, Jackson P, Mulvenna M, Sixsmith J, Sixsmith A, Mihailidis A, et al. Principles for fostering the transdisciplinary

development of assistive technologies. Disabil Rehabil Assist Technol 2017 Dec;12(5):480-490. [doi:
10.3109/17483107.2016.1151953] [Medline: 27052793]

26. Carr E, Babione J, Marshall D. Translating research into practice through user-centered design: an application for osteoarthritis
healthcare planning. Int J Med Inform 2017 Dec;104:31-37. [doi: 10.1016/j.ijmedinf.2017.05.007] [Medline: 28599814]

27. Postma CE, Zwartkruis-Pelgrim E, Daemen E, Du J. Challenges of doing empathic design: experiences from industry. Int
J Des 2012;6 [FREE Full text]

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e13017 | p.193http://humanfactors.jmir.org/2019/2/e13017/
(page number not for citation purposes)

Pfisterer et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11129394&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0161833
http://dx.doi.org/10.1371/journal.pone.0161833
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27655372&dopt=Abstract
http://dx.doi.org/10.1016/j.clnu.2007.04.002
http://dx.doi.org/10.1111/j.1440-172X.2006.00557.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16529597&dopt=Abstract
https://www.oltca.com/oltca/documents/reports/tiltc2016.pdf
https://www.oltca.com/oltca/documents/reports/tiltc2016.pdf
http://www.webcitation.org/77iaC2Lnr
https://www.cdc.gov/nchs/data/series/sr_03/sr03_037.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26158640&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2017.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28668663&dopt=Abstract
http://dx.doi.org/10.1016/j.jamda.2012.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23246236&dopt=Abstract
https://www.dietitians.ca/Downloads/Public/2013-Best-Practices-for-Nutrition,-Food-Service-an.aspx
http://www.webcitation.org/77g6rwzxI
http://dx.doi.org/10.1016/j.jamda.2008.03.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18755420&dopt=Abstract
http://dx.doi.org/10.1053/jada.2003.50168
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12830027&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10682952&dopt=Abstract
http://dx.doi.org/10.1111/j.1532-5415.2006.00812.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16776786&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12067049&dopt=Abstract
https://digitalcommons.mtu.edu/cgi/viewcontent.cgi?article=1493&context=etds
https://digitalcommons.mtu.edu/cgi/viewcontent.cgi?article=1493&context=etds
http://openaccess.thecvf.com/content_iccv_2015/html/Meyers_Im2Calories_Towards_an_ICCV_2015_paper.html
http://openaccess.thecvf.com/content_iccv_2015/html/Meyers_Im2Calories_Towards_an_ICCV_2015_paper.html
http://www.webcitation.org/77g7aXflq
https://dl.acm.org/citation.cfm?id=2986040
http://dx.doi.org/10.1145/2986035.2986040
http://dx.doi.org/10.1109/MIM.2016.7384954
http://dx.doi.org/10.1016/j.jand.2012.06.367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23017574&dopt=Abstract
http://dx.doi.org/10.3109/17483107.2016.1151953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27052793&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2017.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28599814&dopt=Abstract
http://ijdesign.org/index.php/IJDesign/article/view/1008
http://www.w3.org/Style/XSL
http://www.renderx.com/


28. Sanders L. On Modeling: an evolving map of design practice and design research. Interactions 2008;15(6):13-17 [FREE
Full text] [doi: 10.1145/1409040.1409043]

29. Apple Inc. Apple Inc. Human Interface Guidelines: Navigation Bars URL: https://developer.apple.com/design/
human-interface-guidelines/ios/bars/navigation-bars/ [accessed 2019-04-18] [WebCite Cache ID 77iayk6FA]

30. Babich N. UX Planet. Button UX Design: Best Practices, Types and States Internet URL: https://uxplanet.org/
button-ux-design-best-practices-types-and-states-647cf4ae0fc6?gi=662ec0e75fe1 [accessed 2019-04-18] [WebCite Cache
ID 77ib1Bfip]

31. UX Planet. 7 rules for mobile UI button design Internet URL: https://uxplanet.org/
7-rules-for-mobile-ui-button-design-e9cf2ea54556?gi=8b07e8118285 [accessed 2019-04-18] [WebCite Cache ID 77ib4Rhwc]

32. Nielsen Norman Group. 1995. 10 usability heuristics for user interface design URL: https://medium.com/@toddohanian/
10-usability-heuristics-for-user-interfaces-in-web-design-c179aa39b54e [accessed 2019-04-16] [WebCite Cache ID
77g9kmtVX]

33. Shneiderman B, Plaisant C, Cohen M, Jacobs S, Elmqvist N, Diakopoulos N. Designing The User Interface: Strategies For
Effective Human-computer Interaction (6th Edition). New York: Pearson; 2019.

34. Brooke J. SUS-A quick and dirty usability scale. In: Usability evaluation in industry. London: Taylor & Francis; 1996.
35. Ravden S, Johnson G. Evaluating usability of human-computer interfaces: a practical method. New York: Halsted Press;

1989.
36. Hart S, Staveland L. Development of NASA-TLX (Task Load Index): results of empirical and theoretical research. Advances

in Psychology 1988;52:139-183 [FREE Full text] [doi: 10.1016/S0166-4115(08)62386-9]
37. Corritore C, Kracher B, Wiedenbeck S. On-line trust: concepts, evolving themes, a model. Int J Hum-Comput Stud 2003

Jun;58(6):737-758. [doi: 10.1016/S1071-5819(03)00041-7]
38. Fogg B, Tseng H. The elements of computer credibility. In: Proceedings of the SIGCHI conference on Human Factors in

Computing Systems. 1999 Presented at: CHI '99; May 15-20, 1999; Pittsburgh, Pennsylvania, USA p. 80-87 URL: https:/
/dl.acm.org/errorpgs/403.html [doi: 10.1145/302979.303001]

39. YouTube. 2016. Aprima Overview URL: https://www.youtube.com/watch?v=Q0d0Oa-xYH4 [accessed 2019-04-16]
[WebCite Cache ID 77gE5Q4zU]

40. YouTube. 2017. PrognoCIS EHR Software Demo Video URL: https://www.youtube.com/watch?v=phzFiyq6d8Q [accessed
2019-04-16] [WebCite Cache ID 77gFt8Jpz]

41. YouTube. 2015. ChiroSpring Overview Video - Cloud-based Chiropractic Practice Management Software URL: https:/
/www.youtube.com/watch?v=3Z6pAXhAHOc [accessed 2019-04-16] [WebCite Cache ID 77gFz7vjp]

42. Capterra. Best Electronic Medical Records (EMR) Software URL: https://www.capterra.com/
electronic-medical-records-software/ [accessed 2018-11-26] [WebCite Cache ID
queryurlhttps3A2F2Fwwwcapterracom2Felectronicmedicalrecordssoftwareampdate20181126]

43. Software Advice. Top Electronic Medical Records Software - 2018 Reviews URL: https://www.softwareadvice.com/ca/
medical/electronic-medical-record-software-comparison/ [accessed 2019-04-18] [WebCite Cache ID 77ibsSSOq]

44. Hart SG. Proceedings of the Human Factors and Ergonomics Society Annual Meeting. 2006 Oct 01. Nasa-Task Load Index
(NASA-TLX); 20 Years Later URL: https://journals.sagepub.com/doi/pdf/10.1177/154193120605000909 [accessed
2019-04-16] [WebCite Cache ID 77gB1W0Z2]

45. Stanton N, Salmon P, Rafferty L. Human factors methods: a practical guide for engineering and design. Burlington: Ashgate
Publishing, Ltd; 2013.

46. Luximon A, Goonetilleke R. Simplified subjective workload assessment technique. Ergonomics 2001 Feb 20;44(3):229-243.
[doi: 10.1080/00140130010000901] [Medline: 11219757]

47. Vidulich MA, Tsang PS. Techniques of subjective workload assessment: a comparison of SWAT and the NASA-Bipolar
methods. Ergonomics 1986 Nov;29(11):1385-1398. [doi: 10.1080/00140138608967253]

48. Rhemtulla M, Brosseau-Liard P, Savalei V. When can categorical variables be treated as continuous? A comparison of
robust continuous and categorical SEM estimation methods under suboptimal conditions. Psychol Methods 2012
Sep;17(3):354-373. [doi: 10.1037/a0029315] [Medline: 22799625]

49. Stanton NA, Young MS. Guide to Methodology in Ergonomics: Designing for Human Use. Boca Raton: CRC Press; 2002.
50. Field A. Comparing two means. In: Discovering Statistics Using Ibm Spss Statistics, 4th Edition. Thousand Oaks: Sage

Publications Ltd; 2019:364-370.
51. Norman G, Streiner DL. Comparing two groups. In: Biostatistics the Bare Essentials. New York: McGraw-Hill Education;

2008:70-73.
52. Bangor A, Kortum P, Miller J. Determining what individual SUS scores mean: adding an adjective rating scale. J Usability

Stud 2009;4(3):114-123.
53. Bangor A, Kortum P, Miller J. An empirical evaluation of the system usability scale. Int J Hum Comput Stud

2008;24(6):574-594. [doi: 10.1080/10447310802205776]
54. Volkert D, Chourdakis M, Faxen-Irving G, Frühwald T, Landi F, Suominen M, et al. ESPEN guidelines on nutrition in

dementia. Clin Nutr 2015 Dec;34(6):1052-1073. [doi: 10.1016/j.clnu.2015.09.004] [Medline: 26522922]

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e13017 | p.194http://humanfactors.jmir.org/2019/2/e13017/
(page number not for citation purposes)

Pfisterer et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://interactions.acm.org/archive/view/november-december-2008/on-modelingan-evolving-map-of-design-practice-and-design-research1
http://interactions.acm.org/archive/view/november-december-2008/on-modelingan-evolving-map-of-design-practice-and-design-research1
http://dx.doi.org/10.1145/1409040.1409043
https://developer.apple.com/design/human-interface-guidelines/ios/bars/navigation-bars/
https://developer.apple.com/design/human-interface-guidelines/ios/bars/navigation-bars/
http://www.webcitation.org/77iayk6FA
https://uxplanet.org/button-ux-design-best-practices-types-and-states-647cf4ae0fc6?gi=662ec0e75fe1
https://uxplanet.org/button-ux-design-best-practices-types-and-states-647cf4ae0fc6?gi=662ec0e75fe1
http://www.webcitation.org/77ib1Bfip
http://www.webcitation.org/77ib1Bfip
https://uxplanet.org/7-rules-for-mobile-ui-button-design-e9cf2ea54556?gi=8b07e8118285
https://uxplanet.org/7-rules-for-mobile-ui-button-design-e9cf2ea54556?gi=8b07e8118285
http://www.webcitation.org/77ib4Rhwc
https://medium.com/@toddohanian/10-usability-heuristics-for-user-interfaces-in-web-design-c179aa39b54e
https://medium.com/@toddohanian/10-usability-heuristics-for-user-interfaces-in-web-design-c179aa39b54e
http://www.webcitation.org/77g9kmtVX
http://www.webcitation.org/77g9kmtVX
https://www.sciencedirect.com/science/article/pii/S0166411508623869
http://dx.doi.org/10.1016/S0166-4115(08)62386-9
http://dx.doi.org/10.1016/S1071-5819(03)00041-7
https://dl.acm.org/errorpgs/403.html
https://dl.acm.org/errorpgs/403.html
http://dx.doi.org/10.1145/302979.303001
https://www.youtube.com/watch?v=Q0d0Oa-xYH4
http://www.webcitation.org/77gE5Q4zU
https://www.youtube.com/watch?v=phzFiyq6d8Q
http://www.webcitation.org/77gFt8Jpz
https://www.youtube.com/watch?v=3Z6pAXhAHOc
https://www.youtube.com/watch?v=3Z6pAXhAHOc
http://www.webcitation.org/77gFz7vjp
https://www.capterra.com/electronic-medical-records-software/
https://www.capterra.com/electronic-medical-records-software/
http://www.webcitation.org/queryurlhttps3A2F2Fwwwcapterracom2Felectronicmedicalrecordssoftwareampdate20181126
http://www.webcitation.org/queryurlhttps3A2F2Fwwwcapterracom2Felectronicmedicalrecordssoftwareampdate20181126
https://www.softwareadvice.com/ca/medical/electronic-medical-record-software-comparison/
https://www.softwareadvice.com/ca/medical/electronic-medical-record-software-comparison/
http://www.webcitation.org/77ibsSSOq
https://journals.sagepub.com/doi/pdf/10.1177/154193120605000909
http://www.webcitation.org/77gB1W0Z2
http://dx.doi.org/10.1080/00140130010000901
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11219757&dopt=Abstract
http://dx.doi.org/10.1080/00140138608967253
http://dx.doi.org/10.1037/a0029315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22799625&dopt=Abstract
http://dx.doi.org/10.1080/10447310802205776
http://dx.doi.org/10.1016/j.clnu.2015.09.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26522922&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


55. van de Rest O, Berendsen A, Haveman-Nies A, de Groot LC. Dietary patterns, cognitive decline, and dementia: a systematic
review. Adv Nutr 2015 Mar;6(2):154-168 [FREE Full text] [doi: 10.3945/an.114.007617] [Medline: 25770254]

56. Abdelhamid A, Bunn D, Copley M, Cowap V, Dickinson A, Gray L, et al. Effectiveness of interventions to directly support
food and drink intake in people with dementia: a systematic review and meta-analysis. BMC Geriatr 2016 Jan 22;16:26
[FREE Full text] [doi: 10.1186/s12877-016-0196-3] [Medline: 26801619]

57. Diamantidis C, Ginsberg J, Yoffe M, Lucas L, Prakash D, Aggarwal S, et al. Remote usability testing and satisfaction with
a mobile health medication inquiry system in CKD. Clin J Am Soc Nephrol 2015 Aug 07;10(8):1364-1370 [FREE Full
text] [doi: 10.2215/CJN.12591214] [Medline: 26220816]

58. Gray CS, Gill A, Khan A, Hans P, Kuluski K, Cott C. The electronic patient reported outcome tool: testing usability and
feasibility of a mobile app and portal to support care for patients with complex chronic disease and disability in primary
care settings. JMIR Mhealth Uhealth 2016 Jun 02;4(2):e58 [FREE Full text] [doi: 10.2196/mhealth.5331] [Medline:
27256035]

59. Hohenstein J, O'Dell D, Murnane E, Lu Z, Erickson D, Gay G. Enhancing the usability of an optical reader system to
support point-of-care rapid diagnostic testing: an iterative design approach. JMIR Hum Factors 2017 Nov 21;4(4):e29
[FREE Full text] [doi: 10.2196/humanfactors.8621] [Medline: 29162559]

60. Jahn M, Porter B, Patel H, Zillich A, Simon S, Russ A. Usability assessment of secure messaging for clinical document
sharing between health care providers and patients. Appl Clin Inform 2018 Apr;9(2):467-477 [FREE Full text] [doi:
10.1055/s-0038-1660521] [Medline: 29949815]

61. Khan S, McCullagh L, Press A, Kharche M, Schachter A, Pardo S, et al. Formative assessment and design of a complex
clinical decision support tool for pulmonary embolism. Evid Based Med 2016 Feb;21(1):7-13. [doi:
10.1136/ebmed-2015-110214] [Medline: 26718820]

62. Kushniruk A, Senathirajah Y, Borycki E. Towards a usability and error. Stud Health Technol Inform 2017;245:763-767.
[Medline: 29295201]

63. Nagykaldi Z, Jordan M, Quitoriano J, Ciro C, Mold J. User-centered design and usability testing of an innovative
health-related quality of life module. Appl Clin Inform 2014;5(4):958-970 [FREE Full text] [doi:
10.4338/ACI-2014-08-RA-0067] [Medline: 25589910]

64. Rajan J, Moura J, Gourley G, Kiso K, Sizilio A, Cortez A, et al. Understanding the barriers to successful adoption and use
of a mobile health information system in a community health center in São Paulo, Brazil: a cohort study. BMC Med Inform
Decis Mak 2016 Dec 17;16(1):146 [FREE Full text] [doi: 10.1186/s12911-016-0385-1] [Medline: 27855685]

65. Roberts S, Marshall A, Gonzalez R, Chaboyer W. Technology to engage hospitalised patients in their nutrition care: a
qualitative study of usability and patient perceptions of an electronic foodservice system. J Hum Nutr Diet 2017
Dec;30(5):563-573. [doi: 10.1111/jhn.12467] [Medline: 28211190]

66. Bingham S. Limitations of the various methods for collecting dietary intake data. Ann Nutr Metab 1991;35(3):117-127.
[doi: 10.1159/000177635] [Medline: 1952811]

Abbreviations
AFINI-T: Automated Food Imaging and Nutrient Intake Tracking
LTC: long-term care
MOHLTC: Ministry of Health and Long-Term Care
PSW: personal support worker
RD: registered dietitian
RIA: Research Institute for Aging
RTLX: Raw Task Load Index
SUS: Subjective Usability Scale

Edited by G Eysenbach; submitted 03.12.18; peer-reviewed by C Berridge, B Chaudhry; comments to author 07.02.19; revised version
received 27.02.19; accepted 06.04.19; published 09.05.19.

Please cite as:
Pfisterer KJ, Boger J, Wong A
Prototyping the Automated Food Imaging and Nutrient Intake Tracking System: Modified Participatory Iterative Design Sprint
JMIR Hum Factors 2019;6(2):e13017
URL: http://humanfactors.jmir.org/2019/2/e13017/ 
doi:10.2196/13017
PMID:31094336

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e13017 | p.195http://humanfactors.jmir.org/2019/2/e13017/
(page number not for citation purposes)

Pfisterer et alJMIR HUMAN FACTORS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/25770254
http://dx.doi.org/10.3945/an.114.007617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25770254&dopt=Abstract
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-016-0196-3
http://dx.doi.org/10.1186/s12877-016-0196-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26801619&dopt=Abstract
http://cjasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=26220816
http://cjasn.asnjournals.org/cgi/pmidlookup?view=long&pmid=26220816
http://dx.doi.org/10.2215/CJN.12591214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26220816&dopt=Abstract
http://mhealth.jmir.org/2016/2/e58/
http://dx.doi.org/10.2196/mhealth.5331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27256035&dopt=Abstract
http://humanfactors.jmir.org/2017/4/e29/
http://dx.doi.org/10.2196/humanfactors.8621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29162559&dopt=Abstract
http://europepmc.org/abstract/MED/29949815
http://dx.doi.org/10.1055/s-0038-1660521
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29949815&dopt=Abstract
http://dx.doi.org/10.1136/ebmed-2015-110214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26718820&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29295201&dopt=Abstract
http://europepmc.org/abstract/MED/25589910
http://dx.doi.org/10.4338/ACI-2014-08-RA-0067
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25589910&dopt=Abstract
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/s12911-016-0385-1
http://dx.doi.org/10.1186/s12911-016-0385-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27855685&dopt=Abstract
http://dx.doi.org/10.1111/jhn.12467
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28211190&dopt=Abstract
http://dx.doi.org/10.1159/000177635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1952811&dopt=Abstract
http://humanfactors.jmir.org/2019/2/e13017/
http://dx.doi.org/10.2196/13017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31094336&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


©Kaylen J Pfisterer, Jennifer Boger, Alexander Wong. Originally published in JMIR Human Factors (http://humanfactors.jmir.org),
09.05.2019. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Human Factors, is properly cited. The complete bibliographic information,
a link to the original publication on http://humanfactors.jmir.org, as well as this copyright and license information must be
included.

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e13017 | p.196http://humanfactors.jmir.org/2019/2/e13017/
(page number not for citation purposes)

Pfisterer et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


Original Paper

Anthropomorphism of Robots: Study of Appearance and Agency

Charles R Crowell1, PhD; Jason C Deska2, PhD; Michael Villano1, PhD; Julaine Zenk1, MA; John T Roddy Jr1, BA
1Department of Psychology, University of Notre Dame, Notre Dame, IN, United States
2Department of Psychology, University of Toronto, Toronto, ON, Canada

Corresponding Author:
Charles R Crowell, PhD
Department of Psychology
University of Notre Dame
462 Corbett Family Hall
Notre Dame, IN, 46556
United States
Phone: 1 574 276 8581
Fax: 1 574 271 2058
Email: ccrowell@nd.edu

Abstract

Background: As the prevalence of robots increases each year, understanding how we anthropomorphize and interact with them
is extremely important. The three-factor theory of anthropomorphism, called the Sociality, Effectance, Elicited agent Knowledge
model, guided this study. As anthropomorphism involves a person making attributions of human likeness toward a nonhuman
object, this model implies that anthropomorphism can be influenced either by factors related to the person or the object.

Objective: The aim of this study was to explore factors influencing the anthropomorphism of robots, specifically the robot’s
appearance (humanoid vs nonhumanoid) and agency (autonomous vs nonautonomous). We expected a humanoid robot would
be anthropomorphized to a greater extent than one that was nonhumanoid. In addition, we expected that inducing an agency belief
to the effect that a robot was making its own decisions would increase anthropomorphism compared with a nonagency belief that
the robot was being remotely controlled by a human. We also sought to identify any role gender might play in anthropomorphizing
the robot.

Methods: Participants (N=99) were primed for agency or nonagency belief conditions and then saw a brief video depicting
either a humanoid or nonhumanoid robot interacting with a confederate. After viewing the video, they completed 4 measures:
perception to humanoid robots scale (PERNOD), the Epley anthropomorphic adjectives measure, the Fussel anthropomorphic
adjective checklist, and the Anthropomorphic Tendencies Scale (ATS).

Results: Findings with the PERNOD scale indicated subjects did perceive the 2 robots differently, F6,86=6.59, P<.001, which
means the appearance manipulation was effective. Results with the Epley adjectives indicated that participants were more willing
to attribute humanlike behavioral traits to the nonhumanoid rather than the humanoid robot, F1,91=5.76, P=.02. The Fussel adjective
checklist results showed that subjects were more willing to attribute humanlike social qualities to the remote controlled than the
autonomous robot, F1,91=5.30, P=.02. Finally, the ATS revealed the only gender effects in this study, with females reporting more
endorsement of anthropomorphism for pets (P=.02) and less for showing negative emotions toward anthropomorphized objects
(P<.001) if they had witnessed the humanoid rather than the nonhumanoid robot.

Conclusions: Contrary to our expectations, participants were less willing to make humanlike attributions toward a robot when
its morphology was more humanlike and were more willing to make those attributions when they were told that the robot was
being remotely controlled by a person rather than acting on its own. In retrospect, these outcomes may have occurred because
the humanoid robot used here had a smaller overall stature than the nonhumanoid robot, perhaps making it seem more toylike
and because subjects made attributions toward the person behind the remote-controlled robot rather than toward the robot itself.

(JMIR Hum Factors 2019;6(2):e12629)   doi:10.2196/12629
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psychology, social; social perception; theory of mind; cognitive science; perception; cognition; robotics; telerobotics; human
factors engineering
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Introduction

Anthropomorphism and the Sociality, Effectance,
Elicited Agent Knowledge Model
Anthropomorphism can be defined as “the tendency to imbue
the real or imagined behavior of nonhuman agents with human
like characteristics, motivations, intentions, or emotions” [1].
Instances of anthropomorphism occur all around us on a daily
basis, from the tendency to imbue pets with human like traits
[2] to the attribution of human like characteristics to deities [1]
and even to personal computers [3]. As computers and robots
become increasingly ubiquitous, our understanding of how we
anthropomorphize robots in human robot interactions (HRI)
will become more important as well [4].

The Sociality, Effectance, Elicited Agent Knowledge
Model of Anthropomorphism
Epley et al [1,2] have proposed a 3-factor theory, called the
Sociality, Effectance, Elicited agent Knowledge (SEEK) model,
to explain why human beings anthropomorphize. The first factor
in the SEEK model is sociality motivation, or the human desire
for social connections [1]. Humans are social animals with a
strong need to establish and maintain a sense of interpersonal
connection to others. Sociality motivation increases the tendency
to search actively for sources of social connections in one’s
environment or to invent those connections when necessary.

The second SEEK factor is effectance motivation, or the need
to understand, control, and interact effectively with the
environment [1]. This factor can give rise to the desire to
understand the behavior of nonhuman agents by projecting onto
them more familiar human traits. In this way, anthropomorphism
serves as a tool to facilitate understanding of (and potentially
control over) unfamiliar agents by making them more
humanlike. This tendency can be exacerbated in situations where
the behavior of a nonhuman agent cannot be accounted for easily
by other explanations. For example, researchers have reported
the results of a study in which participants were shown a brief
video clip of 2 dogs interacting with each other where 1 dog
was more behaviorally unpredictable [2]. Results indicated that
participants were more likely to ascribe human like qualities to
the less predictable dog. This finding seems consistent with the
possibility that attributions of human like agency to nonhuman
entities, including robots, are more likely when alternative
accounts of agent behavior are not readily available [5].

The third SEEK factor, elicited agent knowledge, refers to the
extent to which people have, and can, apply relevant
anthropocentric knowledge to objects or entities that might be
targets for the attribution of human like qualities. Homocentric
knowledge often serves as the basis for making inferences about
lesser known, nonhuman agents [1]. It follows, then, that
physical appearance and movement of a nonhuman agent might
be important factors in guiding elicited agent knowledge. That
is, the evocation and application of anthropocentric knowledge
might be facilitated by the morphological and kinetic similarity
between human and nonhuman agents [1,4,6]. Recent studies
with robots consistent with this possibility has shown that greater
robot human likeness affects the receptivity of humans to advice

provided by a robot [7], the extent to which humans will
empathize with a robot [8], how much credit a human will take
in a joint human robot task for successful task completion [9],
and even the types of tasks for which a robot is deemed suitable
[10,11]. Furthermore, when a person believes a robot shares his
or her own gender, that person is more likely to attribute a
human mind to the robot [12].

Gender Differences in Human Robot Interaction and
Anthropomorphism
Another factor potentially influencing the tendency of humans
to anthropomorphize robots is gender. Several studies have
explored how gender affects HRI. One study showed that males
and females provided significantly different answers to social
desirability questions asked by a voice that was either
disembodied or coming from a robot [13]. Females showed less
social desirability scores with the disembodied voice, whereas
males showed less social desirability with the robot. These
findings suggest that males may have felt more open and honest
with the robot than did females. In any case, these results
indicate that males perceived the robot differently from females
[13].

A study of proxemics, or the use of personal space and
comfortable distances, involving robots examined personal
preferences when a robot could approach a participant either
directly from the front or at an angle from the side [14]. Results
showed that although females were largely indifferent as to
whether the robot approached from the front or side, males were
much more uncomfortable when the robot approached from
directly in front of them as opposed to the side [14]. Researchers
suggested that a front approach may have been perceived as
more combative by the males [14].

Other studies have looked more closely at opinions toward
robots based on a person’s gender. The Negative Attitudes
toward Robots Scale [15] has been used numerous times to
show that females tend to have significantly stronger negative
opinions toward robots than males [16-18]. One study found
females had lower rates of robot liking and higher rates of
Robotphobia than their male counterparts [19]. Researchers
have also surveyed adult opinions on a mechanical robot at a
public mall and found that females found the robot
unpredictable, whereas males found the robot helpful [20].
Looking closer at helpfulness, another study found that males,
regardless of age, rated a health care robot as more useful and
were more hopeful for its future development than were their
female counterparts, both before and after interacting with a
health care robot [21].

Furthermore, it has been demonstrated that even the tendency
to anthropomorphize itself can be impacted by gender [22].
Using 2 scales directly measuring a person’s tendency to
anthropomorphize pets, gods, or artifacts, investigators found
that females were more likely than males to anthropomorphize
animals but found no differences in the tendency to
anthropomorphize artifacts. However, in this study, the category
of artifacts included both robots and mechanical devices, such
as vehicles or computers, so no specific anthropomorphism
rating for robots could be determined from this study.
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Purpose of the Study
The SEEK model represents a psychological theory of the
determinants of anthropomorphism, which may have broader
applicability to our understanding of why people make
attributions of human like qualities to diverse nonhuman entities,
including machines and robots. Preliminary support for the
applicability of the SEEK model to the anthropomorphism of
robots has already been provided, particularly as it relates to
sociality and effectance motivation [5,23,24], and, to a lesser
extent, elicited agent knowledge [12]. The primary purpose of
this study was to further examine the SEEK factor of elicited

agent knowledge by evaluating 2 specific hypotheses related to
that factor.

Hypothesis 1
Participants should engage in more anthropomorphism toward
a humanoid robot than toward one that is nonhumanoid because
greater similarity of appearance to a person should allow
participants to bring more self-knowledge to bear on their
understanding of and attributions toward the humanoid agent.
To test this hypothesis, we employed an appearance
manipulation involving 2 different robots: one robot having a
distinctly humanoid form, whereas the other clearly having a
much less human like appearance (see Figures 1 and 2).

Figure 1. A screen capture from the experiment video of the nonhumanoid robot in dialogue with confederate.

Figure 2. A screen capture from the experiment video of the humanoid robot in dialogue with confederate.

Hypothesis 2
Participants should anthropomorphize an autonomous robot
more than a nonautonomous robot because of the greater ease
with which autonomy allows humans to apply their own
anthropocentric knowledge as a means of understanding the
autonomous nonhuman agent’s behavior. We tested this
hypothesis by using an agency manipulation to induce different
beliefs about either the humanoid or nonhumanoid robots. One
belief was that both robots were fully autonomous and capable

of acting on their own volition, whereas the second belief was
that an experimenter in another room was controlling the robots.
This agency manipulation was intended to provide participants
with distinctively different explanations for the behavior of the
robot to which they were exposed. We expected participants to
identify more closely with the autonomous agent, regardless of
its appearance.

As noted above, females have a more negative view of robots
than males [15-17] and have a greater tendency than males to
anthropomorphize animals [22]. However, the implications of
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these findings for gender-based differences in
anthropomorphism of robots are not clear. Thus, a secondary
purpose of this study was to include gender as an additional
factor in the evaluation of both hypotheses 1 and 2.

Methods

Participants
Participants consisted of 99 undergraduate students, 52 males
and 47 females, between the ages of 18 and 22 years, enrolled
at a midsized, private, Midwestern university. Participants
voluntarily chose to be in this study and received course credit
for their participation. We treated participants in accordance
with the ethical standards of the American Psychological
Association and the institutional review board approved the
research protocol.

Design
The design of this study conformed to a 2 (appearance:
humanoid vs nonhumanoid) × 2 (agency: autonomous vs
nonautonomous) × 2 (participant gender: male vs female)
factorial design, with all factors varied between subjects.
Participants were assigned randomly to each of the 4 groups.

Materials
The following materials used in this study are organized
according to whether they were administered before the
experimental manipulations (pretest materials), during the
manipulations themselves (experimental materials), or after the
manipulations (posttest materials).

Pretest Materials
Several pretest scales were used to verify that our 4 groups did
not differ on factors that could influence the results other than
the explicitly manipulated factors. A total of 3 of the pretest
scales, Desire for Control [25], University of California, Los
Angeles (UCLA) Loneliness [26], and Need for Cognition [27]
were used because they have been directly tied to the factors
involved in the SEEK model [1,2]. Desire for Control and
Loneliness are relevant to the SEEK factors of effectance
motivation and sociality motivation, whereas Need for Cognition
is linked to one’s ability to employ elicited agent knowledge
[1,2]. By comparing the groups on these scales, we could verify
that our independent groups in this study were not different in
these SEEK related factors before experiencing our experimental
manipulations. A shortened version of the Marlowe-Crowne
scale [28,29], a questionnaire measuring social desirability, was
included as a pretest check that our groups also did not differ
in social desirability, which could influence their responses to
the questionnaires used in this study.

Experimental Materials
During the experimental phase of this study, each participant
was exposed to 1 agency manipulation story (either autonomous
or nonautonomous) and 1 robot interaction video (depicting
either the humanoid or nonhumanoid robot). During the course
of the experiment, participants made no direct contact with
either robot. All experimental materials listed below can be
found in Multimedia Appendix 1.

Agency Manipulation Stories

The agency manipulation (autonomous vs nonautonomous)
used in this study was delivered via 1 of 2 different stories read
to participants just before they saw their designated humanoid
or nonhumanoid robot video (see Multimedia Appendix 1).
Both videos depicted the 2 morphologically distinct robots doing
exactly the same things. The autonomous story said that the
robot had artificial intelligence and the capability to perform
fully autonomous behavior. In contrast, for the nonautonomous
condition, the story explained that a human controlled the robot
from another room.

Appearance Manipulation Videos

On the basis of previous work using virtual reality environments
indicating that human evaluations of virtual robots are
comparable in many respects with those obtained from observing
similar physically present robots [30,31], along with the work
reported by another study showing that measures taken via live
interactions with a robot are comparable with those from video
based interactions [32], we believed that video exposure to
robots would produce effects comparable with those obtained
from direct, physical exposure. Therefore, our appearance
manipulation involved having participants view a brief video
of a confederate experimenter interacting with either the
humanoid or a nonhumanoid robot, depending on the appearance
condition to which participants were assigned (see Multimedia
Appendices 2 and 3).

The nonhumanoid robot was a PeopleBot, obtained from
MobileRobots Inc (see Figure 1 and Multimedia Appendix 3).
The nonhumanoid robot was approximately 5 feet tall and had
small speakers sitting on either side of the upper shelf under
the cameras and slightly elongated grippers to provide the
impression of arm like appendages. The humanoid robot was a
Nao Academics Edition, Version 3 Plus obtained from
Aldebaran Robotics (see Figure 2 and Multimedia Appendix
2), which was approximately 1.9 feet tall weighing
approximately 9.5 lbs.

Drawing on previous work showing humans prefer to interact
with telepresence robots at eye level [33], the robots in this
study were oriented such that the tops of their heads were near
the top of the camera frame, making the heads of both
equidistant from the floor. This resulted in positioning the
confederate’s head and gaze at approximately the same viewing
angle for both robots. To do this, the Nao robot stood on a table,
whereas the PeopleBot remained on the floor, and the
confederate remained seated in both videos (see Figures 1 and
2). Consistent with the findings of a longitudinal study by of
HRI [34], we believed this arrangement would allow participants
to respond more to robot appearance than to robot height. In
addition, differences of up to 0.2 meters (0.7 ft) in robot height
do not significantly influence opinions toward or comfort with
robots [35,36].

The same script was used to create the 2 videos depicting
identical interactions of a student with either the humanoid or
nonhumanoid robot. The script depicts a conversation between
the robot and a student in which the robot described and
demonstrated some of its capabilities and then engaged the
student in a brief discussion about college football. All robot

JMIR Hum Factors 2019 | vol. 6 | iss. 2 |e12629 | p.200http://humanfactors.jmir.org/2019/2/e12629/
(page number not for citation purposes)

Crowell et alJMIR HUMAN FACTORS

XSL•FO
RenderX

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


movements were carefully selected so as to be comparable
between the 2 robot platforms, and the same voice was used for
both robots. The entire video lasted approximately 3.5 min.

Posttest Materials
Our posttest measures involved published scales previously
used to determine how subjects perceived and
anthropomorphized the robot they saw in the video.

Perception of Humanoid Robots Scale

The perception of humanoid robots’scale, known as Perception
of Humanoid Robots Scale (PERNOD) [37], was employed in
this study as an appearance manipulation check to see how
similar or different our participants viewed the humanoid and
nonhumanoid robots we used. The PERNOD evaluates a
participant’s perception of a particular robot on 6 separate
dimensions: graceful related to the quickness or slowness with
which it moved; expressive related to how the robot
communicates emotion or friendliness; useful related to potential
utility of the robot for humans; controllable related to how
subservient to humans it appears; durable, which reflects a lack
of concern about fragility or breakability of the robot; and
smooth, which refers to the look or physical appearance of the
platform being not angular or coarse. A 7-point scale was used
for all items, and the scoring was such that higher values indicate
stronger alignment with a dimension.

Epley et al Anthropomorphic Items

One measure of anthropomorphism used in this study was
derived from several items used in a study with pet owners [2].
These measures consisted of 7 anthropomorphic (thoughtful,
considerate, sympathetic, embarrassable, creative, devious, and
jealous) and 7 behavioral (aggressive, agile, active, energetic,
fearful, lethargic, and muscular) trait adjectives that participants
were asked to rank from 1 to 14 in order of decreasing
applicability to the robot they saw in the video. Separate sums
of ranks were computed for both anthropomorphic and
behavioral trait adjective categories for each participant. The

scores were then reverse coded such that a higher sum of ranks
signified that the adjectives in that category were rated as more
applicable to the robot. These 2 groups of anthropomorphic and
behavioral traits were created by Epley et al, and we retained
this categorization for this study [2].

Fussel Adjective Checklist

A second measure of anthropomorphism used in this study was
based on an adjective checklist used in an earlier study [38].
This checklist consisted of 40 adjectives, 10 in each of 4
categories: human sociability, other human, robotic, and false
fillers [38]. There were both positive and negative adjectives
in both human categories. A total of 2 of the other human
adjectives were gender related and were separated, whereas the
remaining 8 referred to what can be called human personality
traits. A third category pertained to characteristics of robots,
which itself can be subdivided into characteristics that clearly
were mechanical and those that were not. The fourth category
consisted of characteristics very likely to be rated as false for
both humans and robots but which could not be subdivided in
any obvious way. Our revised breakdown of the original 40-item
[38] adjective checklist is shown in Table 1. It is important to
note here that the adjectives in this table are exactly the same
as those employed in the reference study, only their organization
has been changed to distinguish positive or negative and
mechanical or nonmechanical subcategories. Subjects designated
each adjective as either true or false for the robot (humanoid or
nonhumanoid) they saw.

For all of the categories in Table 1, except Gender, we computed
a proportion of true responses across the adjectives in that
category for each subject. This resulted in separate proportions
for each subject for the categories of human social positive,
human social negative, human personality positive, human
personality negative, robotic mechanical, robotic nonmechanical,
and false fillers. The 2 gender categories were mutually
exclusive such that participants assigned the 1 robot they saw
either a male or a female designation.

Table 1. The reorganized Fussel adjective checklist.

AdjectivesCategory

Friendly, polite, sensitive, caring, and sociableHuman social positive

Rude, obnoxious, cold, impatient, and aggressiveHuman social negative

Organized, thorough, curious, and persistentHuman personality positive

Nervous, distractible, shallow, and disorganizedHuman personality negative

Male and femaleGender

Android, artificial, automaton, mechanical, controllable, and roboticRobotic nonmechanical

Synthetic, breakable, software, and portableRobotic mechanical

Animal, wooden, wet, smelly, tubular, ceramic, cotton, striped, roasted, and bloodyFalse fillers

Anthropomorphic Tendencies Scale

A third measure of anthropomorphism was the Anthropomorphic
Tendencies Scale (ATS) [39]. The ATS measured 4 subscale
dimensions of anthropomorphism: extreme anthropomorphism
(the attribution of human like qualities to physical objects such
as backpacks or cars), anthropomorphism toward pets,

anthropomorphism toward gods or deities, and negative
anthropomorphism, which reflects a tendency to display negative
emotions toward physical objects such as cars or computers.
These dimensions were rated on a Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree). Mean scores that were
greater than 4 represented agreement, means scores of 2 and
below represented disagreement, whereas mean scores of 3
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reflected a neutral rating. Although this scale may measure
relatively stable human traits, it was used in this study as a
dependent variable to see if ATS tendencies were influenced in
any way by a particular combination of our explicitly
manipulated independent variables (IVs, appearance and agency)
or by participant gender.

Procedure
The study was completed in 1 experimental session, following
the sequence of the materials listed above: pretest, experimental
manipulation, and posttest. In order, the pretest measures were
the Desirability of Control Scale, the UCLA Loneliness Scale,
the Need for Cognition Scale, and the Marlowe-Crowne Social
Desirability scale. After the pretest measures, the experimenter
read participants either the autonomous or nonautonomous story,
depending on the agency manipulation condition to which the
participant was assigned. Then, participants watched 1 of 2
videos, depending on their appearance manipulation condition,
showing either a humanoid or a nonhumanoid robot interacting
with a confederate actor. Finally, participants completed the
posttest anthropomorphism measures, which, in order, were the
Fussel adjective checklist, the PERNOD scale, the Epley et al
anthropomorphic items, and finally the ATS. Upon completion
of the third phase, the experimenter fully debriefed the
participants before dismissal.

Data Reduction and Analyses
All scales and measures used in this study were scored for
individual participants following the procedures described in
the articles in which they were originally published. All
dependent variables reported in this study were examined with
the Shapiro-Wilk test to verify they were normally distributed
within each of the 4 separate groups formed by the 2
manipulated IVs, appearance and agency. Accordingly,
parametric tests were used for the analysis of the data collected

in this study, as they are the most powerful means to assess the
effects of the IVs [40]. For these analyses, both appearance and
agency IVs were treated as between subject factors. Participant
gender was also included in these analyses as a third,
between-subjects factor to determine how the IVs affected both
males and females in our study. Therefore, each analysis
conformed to a 2 (appearance: humanoid vs nonhumanoid) ×
2 (agency: autonomous vs nonautonomous) × 2 (participant
gender: male vs female) analysis of variance (ANOVA) plan.
Effects were considered significant in any ANOVA with P
values ≤.05. Effect sizes were calculated in all ANOVAs as

partial eta squared (η2
p) to determine the degree of association

between the variables. Partial eta squared values between 0.01
and 0.06 are considered small effects, between 0.06 and 0.14
are considered medium effects, and above 0.14 are large effects
[34]. All significant interactions in the ANOVAs were followed
up with individual group comparisons, and the Bonferroni
procedure was applied to correct for multiple comparisons.

Results

Pretest Measure Analyses
Means, SDs, and group size for each of the separate groups in
this study are provided in Table 2 for all 4 of the pretest
measures. Separate 2 (appearance) × 2 (agency) × 2 (gender)
preliminary analyses were conducted for each pretest measure
to determine if there were any initial differences among groups
on Desire for Control, Loneliness, Need for Cognition, or the
Marlowe-Crowne scales. Results indicated no significant main
effects or interactions for any of the pretest measures, with the
exception of a main effect of gender within the Desire for

Control Scale, F1,91=5.62, P=.019, η2
p=0.06, with males

showing a greater desire for control than females, a finding
consistent with the original work of Burger and Cooper [25].

Table 2. Means, SDs, and group size for each of the groups in this study for all 4 of the pretest measures employed.

Marlowe-Crowne,
mean (SD)

Need for Cognition,
mean (SD)

Loneliness,
mean (SD)

Desire for Control,
mean (SD)

Appearance, agency, and gender subgroups

Gender (N)AgencyAppearance

4.8 (2.9)113.1 (26.1)38.3 (6.7)105.7 (9.1)Male (13)AutonomousHumanoid

4.5 (2.5)116.1 (12.0)39.8 (6.2)101.0 (12.5)Female (12)AutonomousHumanoid

5.2 (2.7)106.3 (28.8)37.8 (6.2)103.3 (12.2)Male (12)NonautonomousHumanoid

5.8 (2.9)101.8 (25.6)39.2 (8.1)97.5 (11.4)Female (13)NonautonomousHumanoid

3.8 (1.7)112.4 (19.9)39.8 (6.7)99.6 (13.8)Male (13)AutonomousNonhumanoid

4.1 (1.8)110.4 (16.0)39.1 (5.4)96.7 (9.6)Female (12)AutonomousNonhumanoid

5.7 (3.4)112.3 (21.1)37.4 (9.5)103.0 (10.3)Male (14)NonautonomousNonhumanoid

3.4 (2.8)102.5 (9.8)39.7 (9.2)95.3 (8.1)Female (10)NonautonomousNonhumanoid

Perception of the Humanoid and Nonhumanoid Robots
Figure 3 shows the mean rating on each of the 6 PERNOD
subscales as a function of robot appearance (humanoid vs
nonhumanoid). As is evident from this graph, the humanoid

robot was perceived differently than the nonhumanoid on all
dimensions. Generally, the humanoid morphology was
associated with higher ratings on all subscales except
controllable, where the opposite was true.
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Figure 3. Mean rating on each perception to humanoid subscale as a function of robot appearance. Bars represent SE of the means.

The visual impressions in Figure 3 were confirmed by the results
of an appearance × agency × gender multivariate analysis of
variance (MANOVA) in which the 6 subscales were treated as
multiple dependent measures. The main effect of appearance
was significant in this analysis with a large effect size,

F6,86=6.59, P<.001, η2
p=0.31. Separate follow up appearance

× agency × gender ANOVAs were performed to see if the
appearance effect was significant for each subscale. The results
of these tests revealed that only appearance effects were
significant for the expressive (F1,91=5.9; P=.03), useful
(F1,91=13.75; P<.001), durable (F1,91=3.83; P=.05), and smooth
(F1,91=23.78; P<.001) subscales, marginally significant for the
graceful subscale (P=.09) but not significant for the controllable
subscale. No other main effects or interactions were significant.
These findings indicate that participants did perceive the
humanoid and nonhumanoid robots differently, as expected,
which confirms the effectiveness of our appearance
manipulation.

Measures of Anthropomorphism

The Epley et al Adjectives
Figure 4 depicts the reversed mean rank sums for each category
of traits as a function of robot appearance. As is evident in

Figure 4, generally higher rank sums for anthropomorphic than
for behavioral traits were observed, meaning that participants
believed that anthropomorphic traits were generally more
applicable to both types of robots than were behavioral traits.
However, within each trait category, appearance made a
difference. Anthropomorphic traits were ranked higher for (were
more applicable to) the nonhumanoid robot, whereas the
behavioral traits were ranked higher for (were more applicable
to) the humanoid robot.

Statistical confirmation for these observations was provided by
an appearance × agency × gender × trait category ANOVA,
which revealed a significant main effect of trait category,

F1,91=29.45, P<.001, η2
p=0.24, as well as an appearance ×

category interaction, F1,91=5.76, P=.02, η2
p=0.06. Separate

follow up appearance × agency × gender ANOVAs for each
trait category revealed that the main effect of appearance was
significant for both anthropomorphic F1,91=5.78, P=.02 and
behavioral F1,91=5.76, P=.02 trait categories. For these analyses,
neither gender nor agency were significant factors. These
findings indicate that, contrary to our expectations, participants
in this study were more willing to attribute anthropomorphic
(ie, human like) traits to the nonhumanoid robot.
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Figure 4. Mean rank sums for each category of Epley trait adjectives as a function of robot appearance. A higher sum of ranks indicates more applicable
traits. Bars represent SE of the means.

The Fussel Adjective Checklist
Due to the multiple categories within the Fussel adjective
checklist, statistical information is provided below for each
category. These categories are as follows: human adjectives,
robotic adjectives, and false filler and gender adjectives.

Human Adjectives

As shown in Table 1, the human adjectives were organized into
2 main categories (social and personality), each with a positive
and negative subdivision. To examine the effects of our IVs on
these 4 human adjective categories and subcategories, we
applied an appearance × agency × participant gender × category
(social vs personality) × valence (positive vs negative) ANOVA
to the proportions of true adjectives in each category. For this
analysis, category and valence were both within subject factors.
This overall analysis revealed only a significant main effect for

agency, F1,91=4.88, P=.03, η2
p=0.05, along with a significant

category × valence interaction, F1,91=50.57, P<.001, η2
p=0.37.

Figure 5 shows the mean proportion of true responses as a
function of agency, category, and valence. This graph illustrates
that participants provided a higher proportion of true responses
in each adjective category and subcategory for the
nonautonomous robot. Moreover, it is clear that the category ×

valence interaction resulted from the reversal of the valence
effect across categories. That is, for the 2 social adjective
categories, participants ascribed more negative than positive
attributes to the robot under both agency conditions, whereas
the opposite was true for the 2 personality adjective categories.

To verify the basis for the interaction shown in Figure 5,
appearance × agency × gender × valence ANOVAs were
conducted separately for both social and personality adjective
categories. For the social items analysis, the main effect of

agency was significant, F1,91=5.30, P=.02, η2
p=0.06, as was the

main effect of valence (positive vs negative), F1,91=27.62,

P<.001, η2
p=0.23. For the personality items, only the main effect

of valence was significant, F 1,91=7.35, P=.003, η2
p=0.07. These

outcomes verify that the valence effect was significant for both
social and personality adjectives, but opposite in direction across
categories. In addition, the effect of agency was arithmetically
similar for both categories, but only reached significance for
social adjectives. However, the fact that participants were more
willing to attribute human like social qualities to the
nonautonomous robot confirms that the agency manipulation
was effective for this adjective category but also contradicts our
original expectation that the autonomous robot condition would
be perceived as the most human like.
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Figure 5. Mean proportion of true responses for Fussel human adjective categories as a function of agency (autonomous or nonautonomous), category
(social or personality), and valence (positive or negative). Bars represent SE of the means.

Robotic Adjectives

As shown in Table 1, the robotic adjectives from the original
Fussel adjective checklist were subdivided into those that
obviously referred to the mechanical characteristics of a robot
and those that did not. Figure 6 shows the mean proportion of
true responses to the mechanical and nonmechanical robotic
adjectives as a function of robot appearance. What is apparent
from this graph is that robot appearance made a difference only
for the nonmechanical characteristics of the robotic adjectives.

The visual impressions evident in Figure 6 were confirmed by
the results of an appearance × agency × participant gender ×

robotic adjective category (mechanical vs nonmechanical)
ANOVA in which the appearance × robotic adjective category

interaction was significant, F1,91=10.58, P=.001, η2
p=0.10.

Follow up tests showed that the interaction was because of a
significant difference between appearance conditions only for
the nonmechanical adjective category (P=.003). These results
from the analysis of the robotic adjective category indicate that
both robot morphologies were perceived to be equally
mechanical, but the humanoid robot was perceived to be
different from the nonhumanoid in nonmechanical ways (ie,
portability).

Figure 6. Mean proportion of true responses to the Fussel adjective checklist mechanical and nonmechanical robotic adjectives as a function of robot
appearance. Bars represent SE of the means.
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False Filler and Gender Adjectives

The 2 remaining adjective categories in Table 1 were also
examined. Participants in all conditions reported a low
percentage of true responses for adjectives in the false filler
category, which was expected based on the fact that these
adjectives were selected specifically because they did not apply
to humans or robots [38]. An appearance × agency × gender
ANOVA of these items failed to reveal any significant effects.
For the gender adjective category, a greater proportion of
participants perceived the humanoid robot as male compared
with the nonhumanoid robot, whereas the tendency to perceive
either robot as female was equivalent for the 2 appearance
categories. An analysis of the gender adjective proportions using
an appearance × agency × participant gender × robot gender
ANOVA revealed only a significant appearance × robot gender
interaction, F1,91=5.83, P=.02, η2p=0.06. Follow up tests showed
that the interaction was because of a significant difference
between appearance conditions for the male robot gender
category (P=.03), but not for the female category.

Anthropomorphic Tendencies Scale
Figure 7 shows mean ratings for each ATS subscale as a function
of robot appearance and participant gender. A total of 3
observations are apparent from this graph. First, participants
generally agreed with statements reflecting anthropomorphism
of pets and deities but disagreed with statements of extreme
anthropomorphism. However, participants were more neutral
about negative anthropomorphism statement. Second, ignoring
robot appearance, male and female participants reported about
the same levels of agreement with extreme anthropomorphism

and anthropomorphism of pets but differed slightly in agreement
with statements of anthropomorphism of deities and negative
anthropomorphism. Third, the effect of robot appearance was
different for males and females, most notably for
anthropomorphism of pets and negative anthropomorphism.

To examine the trends in Figure 7, an appearance × agency ×
gender × ATS subscale (extreme vs pets vs deities vs negative)
MANOVA was conducted, where the subscale scores were
treated as separate dependent variables. This analysis revealed
only a significant appearance × gender interaction, F4,86=4.10,

P=.004, η2
p=0.16. To better understand the appearance × gender

interaction in the overall MANOVA, separate appearance ×
agency × gender interactions were conducted for each ATS
subscale. The appearance × gender interactions were significant
in these analyses only for anthropomorphism of pets, F1,89=7.47,

P=.007, η2
p=0.07 and negative anthropomorphism, F1,89=3.89,

P=.05, η2
p=0.04. Moreover, the main effect of gender was

marginally significant for anthropomorphism of deities,

F1,89=2.79, P=.09, η2
p=0.03. Follow up individual group

comparisons revealed that females differed significantly in their
reported anthropomorphism of pets as a function of robot
appearance (P=.02), and males expressed significantly more
negative anthropomorphism than females under the humanoid
appearance condition (P<.001). These results indicate, once
again, that robot appearance was an effective variable in this
study, at least for female versus male expressions of
anthropomorphism of pets and negative anthropomorphism.

Figure 7. Mean ratings for each Anthropomorphic Tendencies Scale subscale as a function of robot appearance and participant gender. Bars represent
SE of the means.

Discussion

We can summarize the results of this study in the context of our
original study purposes and hypotheses.

Hypothesis 1: The Effect of Humanoid Appearance on
Robot Anthropomorphism
In accord with the SEEK model of anthropomorphism [1], we
hypothesized that a robot having a more human like morphology
would provoke greater availability and use of homocentric
knowledge than a less human like robot, which in turn might
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lead participants to engage in more anthropomorphism toward
the humanoid than the nonhumanoid robot. To test this
possibility, we employed an appearance manipulation involving
robots with either a humanoid or a nonhumanoid form.
Participants were asked to observe a videotaped interaction
between 1 of these robots and a human and then complete
several different measures of anthropomorphism that have been
used in previous studies.

Results with the PERNOD scale showed that participants
perceived the humanoid robot to be significantly more useful,
expressive, graceful, and durable than the nonhumanoid robot
and marginally more pleasing in appearance. These results
demonstrated that the appearance manipulation made a
difference on this measure and may also support the first
hypothesis to the extent that the PERNOD expressive subscale
(ie, the extent to which the robot communicates emotion and/or
friendliness) is an indicator of anthropomorphic attributions.
Of course, these findings do not tell us specifically which aspects
of appearance were responsible for the differences revealed by
this measure. Additional research will be needed to expand on
these findings.

However, findings from the Epley and Fussel adjective measures
of anthropomorphism [2,38] do not seem to support hypothesis
1. Although they revealed significant effects of the robot
appearance factor, those effects were opposite in direction to
our expectations. In both cases, participants were more willing
to attribute human like traits to the nonhumanoid robot than to
its humanoid counterpart.

It is not clear how to interpret our findings with the ATS in
relation to hypothesis 1. These results were complicated by an
appearance × gender interaction in which only females reported
more anthropomorphism of pets under the humanoid appearance
condition. In addition, females reported less negative
anthropomorphism than males under the humanoid condition.
At best, the ATS offers only limited support for our original
hypothesis that the humanoid robot should provoke more
anthropomorphic tendencies in our participants as the significant
effects of appearance we observed with this measure were only
for females.

Hypothesis 2: The Effect of Agency on Robot
Anthropomorphism
Our second hypothesis was that participants would
anthropomorphize an autonomous robot more than one that was
not autonomous. This expectation, derived from the SEEK
model, was based on the idea that autonomy would allow
participants to better understand and explain the robot’s behavior
by applying their own anthropocentric knowledge to it. To test
this possibility, we employed an agency manipulation in which
participants were told that the robot they were about to see in
the video either was sophisticated and capable of acting on its
own or was being controlled by someone in another room. In
contrast to a straightforward explanation of the nonautonomous
robot’s behavior as being remotely controlled, we expected that
participants would be more inclined to interpret the autonomous
robot’s actions in more human like terms (eg, being friendly or
sociable).

Interestingly, however, the only significant effects of agency
obtained in this study ran counter to our expectations. For the
Fussel adjective checklist items [38], we found that participants
were more likely to make attributions of both positive (eg,
friendly and sociable) and negative (eg, rude and aggressive)
human sociality traits to the nonautonomous rather than the
autonomous robot, regardless of appearance. The same trend
appeared in the attributions of personality traits (eg, organized
and distractible) but these findings did not achieve statistical
significance. Therefore, once again as with appearance, we are
left to wonder why our agency manipulation did not work as
expected.

The manipulations in this study of appearance and agency both
seemed to have independent influences upon how participants
perceived the robot to which they were exposed. However,
contrary to expectations based on the elicited agent knowledge
factor in the SEEK model of anthropomorphism, participants
were less willing to make attributions of human like social or
personality traits toward a robot when its morphology had more
human like features but were more willing to make those
attributions when they were told that the robot was being
remotely controlled by a person rather than acting on its own.
As these influences did not appear to interact, it is appropriate
to consider separate explanations for these somewhat surprising
effects of both our IVs.

The Overall Size Factor
One possible explanation of the unexpected effects of robot
appearance in our study is based on the overall size differential
between the two robots. As the Nao humanoid robot was
physically smaller in stature than the PeopleBot nonhumanoid
platform, it is possible that the propensity to make human like
attributions could have been influenced by this factor. We took
two precautions to mitigate the possible effects of size difference
in this study. The first was to expose participants to only one
of our robots using prerecorded videos rather than using actual
physical exposure to the robots. On the basis of the findings of
an earlier study [32], we expected video exposure to yield
comparable effects with actual physical exposure, and, although
not eliminating the perception of size, video exposure might
also mitigate the perception of apparent size relative to actual
exposure, especially when participants do not see a second robot
to which they can compare the first. A second precaution, noted
earlier in the appearance manipulation video section, was that
we positioned both robots for filming so that their heads were
approximately equidistant from the floor and approximately at
the same viewing angle with respect to the confederate used in
the video.

Despite these precautions, however, there is at least modest
evidence that robot size registered with our participants. For
example, the right-hand portion of Figure 5 reveals that the
humanoid robot differed significantly from its nonhumanoid
counterpart in terms of nonmechanical attributes such as
portability, a finding that may be partly a reflection of overall
size. In addition, there were significant differences shown in
Figure 3 in favor of the humanoid robot being perceived as the
more useful platform, which also might be at least partly size
related. Perhaps these differences are a reflection of the fact
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that participants considered the humanoid Nao to be more toy
like (as it was perceived as more portable and useful) than the
nonhumanoid PeopleBot. Possibly, these impressions influenced
anthropomorphism tendencies in our participants. Further work
needs to build on previous anthropomorphism research
[33,35,36,41-43] not only in exploring the possible effects of
robot height but also examining overall size. Undoubtedly, these
considerations will prove to be quite relevant to a fuller
understanding of HRI.

Indirect Agency
A different possible explanation to account for our
counterintuitive finding that a remote-controlled robot was
perceived as more human like than an autonomous robot is that
participants in the nonautonomous conditions in this study
actually made attributions toward what might be called the
indirect agent. As participants in this condition were told that
a person was controlling the robot, it is very possible that they
viewed the nonautonomous robot merely as a kind of interface
for a remote controlling human agent. Thus, attributions of
humanness directed at the robot really might have been intended
for the person thought to be behind the machine.

Other work indirectly supports the notion of indirect agency by
showing that children are more empathetic toward teleoperated
robots [44], people feel more social presence with teleoperated
robots [45], and people have identified a teleoperated search
and rescue robot as being warmer, safer, and more attentive
than an autonomous robot [46]. In this study, participants were
more willing to make human like attributions of positive
sociality (ie, friendly, sensitive, and caring) to the
nonautonomous robot being remotely controlled by a human
than to an autonomous robot supposedly acting on its own.
Quite possibly, this means that participants were making these
human-like attributions toward the operator behind the robot
rather than toward the robot itself.

The use of remotely controlled or teleoperated robots is a
common strategy in studies of HRI that has come to be known
as the Wizard of Oz paradigm [6,47,48]. The possibility that,
under these circumstances, the robot might be viewed by
participants merely as a surrogate for the human behind the
scenes is a feature of this paradigm that has not received much
attention, largely because the existence of the wizard usually is
hidden from participants. Nonetheless, it is clear that we need
to have a better understanding of when and how participants
look past the machines with which they interact to the people

they think are controlling those machines, or maybe even to
those they think created or programmed them.

Gender Effects
A secondary purpose of this study was to examine how males
and females reacted to the manipulations in this study and
responded to the various scales employed to measure robot
perception and anthropomorphism. However, very few
participant gender differences were observed. This finding
suggests that male and female participants in this study
perceived and made attributions about the 2 robotic platforms
in essentially the same way. However, there was limited
evidence that females in the humanoid robot condition reported
more anthropomorphism toward pets and less negative
anthropomorphism than females in the nonhumanoid robot
condition.

Conclusions
This study clearly indicated that physical robot appearance
makes a difference in how people perceive robot platforms. The
Nao robot in this study was perceived as more useful,
expressive, graceful, and durable, and possibly smoother than
the PeopleBot. These perceptions are important to document
and explore in relation to how humans interact with different
robotic platforms as well as what preferences humans might
exhibit for interacting with 1 platform over another. Moreover,
the finding in this study that the Nao humanoid robot was
perceived as more masculine than the PeopleBot also may prove
important in situations where perceived robot gender can
influence HRI. These findings also suggest that participants
made indirect agency attributions to the humans operating
behind the robot, a finding of potential widespread significance
in HRI. The robustness and boundary conditions for such
indirect attributions need to be further explored and better
understood.

Finally, we wish to note that general theories of
anthropomorphism, such as the SEEK model [1], need to be
more fully explored and tested in the context of HRI. In this
study, we tested only 1 factor in SEEK model, elicited agent
knowledge, and obtained some unexpected findings. It is
important to understand how anthropomorphizing robots may
be similar to or different from the anthropomorphism of other
nonhuman entities. This work, as well as that of other SEEK
model studies [5,12,23,24], represents important initial steps
toward this goal.
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Abstract

Background: The world’s internet penetration rate is increasing yearly; approximately 25% of the world’s population are
internet users. In Asia, Taiwan has the fifth highest internet usage, and has an internet penetration rate higher than the world
average. Electronic health (eHealth) literacy is the ability to read, understand, and utilize Web health information. eHealth literacy
is gaining attention worldwide.

Objective: This study aimed compare the differences in eHealth literacy between traditional college students (aged between
18 and 22 years) and older adult students (aged between 55 and 72 years). It also summarizes the experiences and performances
of these 2 groups in terms of searching online health-related information.

Methods: A mixed-method approach was used, including questionnaire surveys and interviews. A total of 208 respondents
were interviewed: 65 traditional college students (31.3%) and 143 older adult students (68.7%). The results of the interviews
were used to compare the eHealth literacy scores of the 2 groups.

Results: There were significant differences in the overall eHealth literacy scores (t207=2.98; P=.001) and the functional eHealth
literacy dimension (t207=12.17; P<.001). The findings showed a significant gap in eHealth literacy between the 2 groups. Most
participants believed that online health information could be largely read and understood. However, they were skeptical about
the quality of the information and noted that it consisted of either subjective judgments or objective standards.

Conclusions: Traditional college students preferred esthetically pleasing health information, whereas older adult students
focused on its promotion. Furthermore, the first group often used websites for solving health problems, whereas the second group
forwarded health information through communication software.

(JMIR Hum Factors 2019;6(2):e11480)   doi:10.2196/11480

KEYWORDS

eHealth literacy; intergenerational relations; traditional college students; older adult students; mixed method

Introduction

Increased Internet Usage and the Issue of Electronic
Health Literacy
Electronic health (eHealth) literacy is gaining increasing
attention worldwide. Individuals with eHealth literacy have
better health capital and can further promote the overall health
and competitiveness of their countries. In 2017, the Taiwan
Broadband Internet Usage Survey reported that results from

3153 valid sample analyses showed that individuals were
accustomed to having an internet access rate of over 83%. Of
these individuals, 84.7% agreed that “the use of the Internet has
improved the quality of your life.” However, 55.9% disagreed
with the statement that “the use of the Internet can increase your
trust in information” [1]. Thus, even if individuals possessed
little knowledge of eHealth information, it was still possible for
them to take appropriate action.
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Different Age Groups Exhibit Unique Electronic
Health Literacy Performances
Given the popularity of the internet, research has shifted focus
toward the relevance of health literacy through the internet; as
a result, “eHealth Literacy,” as a field of research, has gradually
received increased attention [2]. Eng [3] argues that eHealth
literacy refers to the use of the internet to access information
to improve or promote health, whereas Norman and Skinner
[4] further suggest that eHealth literacy refers to the use of the
internet to seek, understand, and evaluate health information
and to use this information to address health problems.

Health literacy includes 3 dimensions [5], and it is the main
constituent of eHealth literacy [2]. Chiang et al [6], using the
definition of health literacy, divided the 3 dimensions into
functional eHealth literacy, interactive eHealth literacy, and
critical eHealth literacy. The first layer is functionality, which
refers to the essential ability to read health information. The
second layer is interaction, which refers to more advanced
knowledge of the choices available in health information,
including knowledge required to understand, integrate, and use
that information and knowledge of a supportive, interactive
environment that provides health information and other skills.
The third layer is criticality, which is a more in-depth analysis
of health information and involves both criticisms of the
information and its application to health and the response to
that criticism, resulting in better control over living conditions.

Related Research on Electronic Health Literacy
eHealth literacy has the potential to positively support
consumers’ health empowerment [7]. The Integrative Model of
eHealth Use claims that macro-level disparities in social
structure are connected to health disparities that arise because
of micro-level factors such as eHealth literacy, motivation, and
ability [2]. Few studies have explored the associations among
individual factors such as gender, age, and college major in
relation to eHealth literacy [8,9], as cross-group comparisons
have yet to be investigated empirically. In Taiwan, which
currently has the fifth-highest internet usage in Asia and has an
internet penetration rate of 65.90% [10], college students
constitute 1 of the groups that access internet health information
more frequently. The proportion of older people using
information and communication technology appears to be lower
than that of other age groups, making it difficult to breach this
digital wall. Currently, there are nearly 300 active aging learning
centers in Taiwan, which are the leading institutions of learning
for retired older adults. They are designed to receive students
over the age of 55 years [11]. This leads to the question
examined in this study: Does eHealth literacy overcome the
generation gap? Specifically, is there a difference between
eHealth literacy among traditional college students and older
adult students? To answer these questions, this study examined
the differences in eHealth literacy among older adult students
(people over the age of 55 years) and among traditional college
students (aged from 18 to 22 years, thus within the conventional
age range for university undergraduates in Taiwan) to gain an
in-depth understanding of the differences that exist across age
groups.

Eysenbach and Köhler [12] explored the use of health
information by internet users and found that participants’
assessment of the quality of online health information included
the authority, appearance, and layout of the source; advertising;
readability; the presence (or absence) of links to other websites;
website holder photos; contact boxes; website certification;
content updates; quality badges; or other professional group
support. There is limited literature on the experience of college
students using online health information. Within that literature,
studies have shown that traditional college students possess
functional and interactive health literacy levels and seem to
underperform at a higher level of critical health literacy.
Relevant studies have shown that college students are confident
that they can find, read, and understand online health
information [8,13]. However, a high proportion of these students
are less assured in their ability to discriminate between high-
and low-quality health resources [13].

Compared with younger adults, older adults had less confidence
in eHealth resources, information-seeking skills, and the ability
to evaluate and act upon online health information [14]. Lee et
al [15] note that increased age is a factor that is frequently
associated with decreased levels of eHealth literacy. Older adults
with chronic health conditions and those with lower levels of
eHealth literacy were prone to unmet navigational needs,
experiencing difficulties in finding online health information,
and being less assured in their searching abilities [15]. An
investigation of internet skills also found that older adults
sometimes experienced problems when completing tasks that
called upon operational and formal internet skills [16]. This
included difficulties in understanding orientation within a
website and identifying and using the browser address bar. A
survey that addressed the health information–seeking behaviors
of baby boomers and older adults found that an increase in age
corresponded to a decrease in eHealth literacy scores [17].
However, in contrast to other research studies, Lee et al [15]
found that the respondents were mostly confident regarding
their ability to find and use internet-based health resources,
although they were less confident in their ability to differentiate
between high- and low-quality resources. The more relevant
generational differences were based on quantitative research.
The novelty of this study is that it takes into account both
quantitative and qualitative research methods in coming to an
understanding of the prevalence of eHealth literacy among
participants of different generations.

In Taiwan, nearly half of traditional college students use internet
health information as a conduit for self-diagnosis [18].
Moreover, in April 2018, the proportion of people over the age
of 65 years reached 14% in Taiwan’s population structure.
Therefore, Taiwan has officially become an “aged society” [19]
that pays attention to the current situation of traditional college
students and elders in eHealth literacy and is more concerned
with the overall competitiveness of the country in the future.

Taiwan has made improving the health literacy of adults a
cornerstone of national health policy. At present, the research
on health literacy–related topics mostly focuses on the
preparation of measurement tools [9,20,21] and the current lack
of intergenerational differences in adult eHealth literacy. This
study used a mixed-method perspective to explore the eHealth
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literacy of different groups of traditional college students and
older adult students. Complementing the understanding of the
current situation on eHealth literacy is the importance of
exploring health literacy as a topic of national policy and the
bridging of gaps in the research literature on the subject.
Information literacy and health literacy are important
connotations of eHealth literacy [4]. In study 1, a quantitative
analysis is performed to explore eHealth literacy between
different age groups. eHealth literacy has been investigated by
the electronic Health Literacy Scale (eHLS) and clearly
represented in participants’ eHLS scores. These scores
correspond to self-reported ability to find and evaluate online
health information. Thus, study 2 focuses on participants’
information-seeking behaviors, patterns, and preferences and
on their skills in detecting online health information. To examine
this issue further, this study also summarized the online health
information–seeking behaviors, patterns, and preferences of
both traditional college students and older adult students
concerning skills, experiences, and performances. The purpose
of this study was to compare the eHealth literacy scores of both
groups of students. Moreover, by collecting the online health
information of these groups through interviews and then
summarizing this information, this study sought to read and
understand what constitutes relevant experience for each group.

Methods

Overview
This study uses a sequential mixed-method design. Such a
design uses qualitative and quantitative research sequentially,
depending on the purpose or problem of the study. The purpose
is both to attain “complementarity,” such as the rationality of
quantitative data in additional sampling, and to further research

through qualitative study [22]. Accordingly, this study was
carried out in 2 phases. The first phase, comprising the
quantitative part of the study, was mainly used to screen
respondents. The second phase consisted of an interview to
collect the respondents’ eHealth literacy data, which were
analyzed qualitatively.

Recruitment
In this mixed-method study, the research process was divided
into 2 phases. First, an eHealth literacy instrument (a
questionnaire) was used to investigate the participants’ current
situation. In this first stage, 2 classes of traditional college
students in the general education program were assessed.
Moreover, 3 classes of older adult students (aged 55 years or
above) who were enrolled in a university-affiliated, formal,
unaccredited, voluntary, lifelong learning program participated
in this study. The older adult students who participated had at
least an elementary school education; some studied at the senior
high school level, although not all attained a diploma and none
had a college degree. Data were collected from an urban
university in Taiwan. Before the study, the program was
reviewed and approved by the university’s institutional review
board (ethics committee). Of the 208 respondents, 65 (31.2%)
were traditional college students (aged between 18 and 22 years)
and 143 (68.7%) were older adult students (aged from 55 to 72
years).

The answers to the questionnaire were evaluated to select
prospective respondents as the second phase interviewees. The
participants were chosen from a voluntary sample (see Table
1). This resulted in the selection of 5 traditional college students
and 5 older adult students as the interviewees. Interviews took
place from January 2017 to February 2017 and lasted for about
1 hour.

Table 1. Demographic data on the interviewees.

Educational levelAge (years)Interviewees, gender

Traditional college student

Studying at university (sophomore, the second year of college)20Male

Studying at university (sophomore, the second year of college)20Male

Studying at university (freshman, the first year of college)19Male

Studying at university (junior, the third year of college)21Female

Studying at university (sophomore, the second year of college)20Female

Older adult student

Senior high school57Male

Junior high school62Male

Junior high school70Female

Senior high school59Female

Elementary school68Female

Instrument
The eHLS measures a student’s ability to seek, find, understand,
and evaluate health information from electronic sources and to
apply this knowledge to address or solve a health problem
[4,9,14]. A “gold standard” eHealth literacy instrument, which

health researchers have recommended as an account of the social
nature of eHealth, is being discussed by health professionals at
the time of writing of this manuscript [23]. The 12-item eHLS
is an instrument used to measure eHealth literacy among adult
Taiwanese individuals. It was developed by Chiang et al [6],
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who surveyed a representative sample of college students
between March 2014 and May 2014, obtaining 455 valid
responses. The reliability of the individual eHLS items ranged
from .36 to .74. Standardized factor loading ranged from .60 to
.86 (P<.001). Composite reliability ranged from .75 to .84, and
the average variance extracted for each dimension ranged from
.50 to .52. The indicators demonstrated a good fit for the
measurement model. The scale includes functional (3 items,
Cronbach alpha=.70), interactive (4 items, Cronbach alpha=.77),
and critical (5 items, Cronbach alpha=.83) eHealth literacy
dimensions. Its internal structure and external validity are
considered acceptable. Respondents were asked to select the
most accurate answer to describe their eHealth literacy level on
a 5-point Likert scale, ranging from 1=strongly disagree to
5=strongly agree. Cronbach alpha of the overall scale was .84
(Multimedia Appendix 1).

One of the aims of this study was to try to capture the experience
of the use of online health information for college students and
older adult students. To do so, this study examined the
participants’ health literacy levels based on Nutbeam’s [5] 3

levels of health literacy and definitions of eHealth literacy from
Hsu et al (2011) [9] and Hsu et al (2014) [8]. Semistructured
interviews were conducted to collect data. The interview outline
included 4 items (see Table 2).

Data Analysis
Descriptive statistics and t tests were conducted to understand
the effect of age on eHealth literacy. In addition, in conducting
qualitative data analysis [24], the researcher conceptualized and
developed a protocol to ensure open coding. Next, the analysis
applied the concept of higher extraction level to “axial coding,”
which arranges concepts of similar content together into a class.
The axial coding was then used, through classification,
comparison, and induction, to analyze the subcategory and the
main category together. To facilitate the classification and
analysis of research data, the first column of Table 3 identified
the participants, that is, A (traditional college student) and B
(older university student). The second column identified the
interview number. The third column identified an encoded serial
number (eg, A-1-2).

Table 2. Interview guide items.

The concept of health literacyFocus point, open questions

Access to online health information [7]

Basic ability to read health information (functional literacy)What kind of online health information are you more interested in?

Knowledge of a supportive, interactive environment that provides health
information (interactive literacy)

What kind of source for online health information are you more inter-
ested in?

Literacy experience of online health information [3]

Basic ability to read and use health information (functional literacy and
interactive literacy)

How would you evaluate your internet health information reading
and implementation experiences?

Both criticism of health information and its application to one’s health
and the response to that criticism, resulting in better control over living
conditions (critical literacy)

How do you assess the accuracy of health information? What is the
assessment principle?

Table 3. Coding and categorization examples.

Open codingMain category, subcategories, axial coding

The experience of participants in obtaining online health information differed by group

Access devices

College students access most online health information from Web
pages [A-2-64]

• We college students retrieved most online health information from
Web pages. [A-5-31]

• The most commonly used Web pages or websites are the occasional
Yahoo News health section. [A-2-64]

Older adult students often obtained online health information
through communication software [B-5-11]

• We have a Line group in the class; every day we share messages. [B-
5-11]

• Computers are used less now, as mobile phones are the most conve-
nient. We often use communication software to share health informa-
tion. [B-4-15]

Access types of online health information

Traditional college students • At University, my friends always pay special attention to their appear-
ance, so I pay special attention to my looks. [A-1-28]

Older adult students • Since retirement, I pay special attention to diet and health issues such
as exercise and fitness It is good for health. [B-3-5]
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The interview addressed the issue of participants’ experiences
in accessing online health information and focused on the
concept of health literacy. In the process of data analysis, an
academic peer was invited to use the code and test its relevance
to meet the consistency and reliability requirements of
qualitative research.

The purpose of this study was to understand the ways that
subjects perceive their experiences. Therefore, the researcher
played the role of “listener” in the interview process and did
not make value judgments while conducting the interviews.
Coding and categorization examples are shown in Table 3.

Results

Study 1—Quantitative Analysis of Electronic Health
Literacy: Electronic Health Literacy Between Age
Groups
There was a significant difference in the overall eHealth literacy
scores between traditional college students and older adult
students (t207=2.98; P=.001), with the overall scores of
traditional college students (mean 43.78) being higher than
those of the older adults (mean 40.93). In the functional eHealth
literacy dimension (t207=12.17; P<.001), the traditional college
students’ scores (mean 11.43) were higher than those of the
older adults (mean 8.08). However, there was no significant
difference between interactive and critical eHealth literacy (see

Table 4). In addition, in this study, we found a difference
between age groups; functional eHealth literacy was higher than
interactive and critical literacies for traditional college students
(F=101.28; P<.001) and older adult students (F=373.24;
P<.001).

Study 2—Qualitative Analysis of Electronic Health
Literacy: Participants’ Experiences and Performance
of Reading Online Health Information

First Result: The Experience of Interviewees in
Obtaining Online Health Information Differed Between
Generations
The initial motivation for college students to access online health
information was to meet the needs of beauty, weight loss, fitness,
and so on:

Before in high school, I had a face full of acne and
now have pockmarks. Now, at University, my friends
always pay special attention to their appearance, so
I pay special attention to my beauty. [A-5-31]

Girls always want to have a good body shape...You
may see someone post on the Internet about how they
succeeded in losing weight. When we see a successful
experience in which someone loses weight quickly,
no matter whether it is true or not, we want to learn
from them. [A-3-28]

Table 4. Electronic Heath Literacy Scale means, SDs, and t tests.

P valuet testP valueThe assumption of
equal variances

Older adult students,

(N=143), mean (SD)

Traditional college stu-
dents (N=65), mean (SD)

Factor

<.00112.17
(206)

.063.7068.08 (1.56)11.43 (1.94)Functional electronic health literacy

.79−0.263
(206)

.750.10014.60 (2.52)14.50 (2.67)Interactive electronic health literacy

.48−0.71
(206)

.083.21418.18 (3.28)17.81 (3.74)Critical electronic health literacy

<.0012.98
(206)

.063.71140.93 (5.10)43.78 (6.68)Electronic health literacy

Furthermore, the online health information retrieval methods
of college students can be divided into fixed and nonfixed Web
pages, which were used for 2 different purposes. Fixed habitual
behavior of college students was to retrieve health information
from static Web pages or magazines and either browse health
knowledge or seek suitable skin care products for themselves,
rather than solving practical health problems. On the other hand,
they also gathered health information from nonfixed pipelines
with the aim of solving health problems that were of immediate
concern. Often, when respondents were aware of health
problems, they would conduct online health information
retrieval, looking up information about, for example, acne,
weight loss, treatment of colds, gastrointestinal care, medical
topics (such as new flu prevention), cancer diet, and so on. Data
revealed that respondents searched using search engines and
entered keywords but did not use search techniques involving,
for example, Boolean logic. Respondents often looked only at
the first search result. If there were many websites retrieved,

there was a greater possibility that respondents would find a
Web page with an appropriate answer or a Web page that was
familiar to them. If there were links to other Web pages, they
would click those links. However, if the health message of the
interviewee was based on personal experience, there were
limitations to his or her search for this kind of
individual-oriented experience. Such internet health information
was offered only as a reference, and it had little influence on
actual implementation:

The most commonly used site is the occasional Yahoo
news health section, on things like healthcare, healthy
food, health exercises, and clicking on links to help
with acupuncture points and the like, such as ah-shi
acupuncture points for the eye. [A-2-64]

I often use Yahoo or Google and get many results
from forums...just by looking at a forum or seeing
someone share an experience. Message-board posts
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can only be used as reference points that are not easy
for individuals to adopt. This is because everyone has
a different living environment and because the
retrieved information cannot be used for all situations.
[A-4-73]

Respondents were most interested in reading online health
information. When browsing health information, most of the
information available online was not sufficiently clear or too
specialized. Moreover, most respondents asserted that they
understood the health information on the internet, but some
proper nouns, foreign language terms, and various ways in
which data were presented made it difficult for some respondents
to understand and learn from adverse outcomes:

Most of the online health information is easy to
understand and does not appear [for example] like
a book that is written very professionally and difficult
to read. Getting information from the Internet is very
convenient, [because] you can quickly know the
information and it will not be difficult [to understand].
[A-1-41]

Furthermore, the criteria for assessing the quality of online
health information can be divided into 2 categories: subjective
judgment and objective form. Subjective judgment is based on
the cognitive judgment of the respondents; thus, they use their
preknowledge to evaluate health information. Some would take
the initiative by seeking others’ advice to confirm the quality
of online information, specifically by cross-validating through
different Web pages or asking professionals (eg, doctors,
pharmacists, medical friends, and relatives) directly to arrive at
a more credible conclusion:

There is some very obviously illogical [information
that] I will not go to, at least with the mind to question
it. For example, burn soy sauce, or wipe pepper on
your skin for weight loss, but you would think that
this will only hurt your skin. [A-5-35]

On the other hand, the objective form refers to the quality
assessment of respondents from the external mode of online
health information. In addition, some of the respondents would
direct their attention toward the sources used by the specific
internet source, particularly focusing on “update time,”
“certification mark,” “whether it was an official website,” “the
number of visitors,” “whether there are small ads,” and so on:

Reading numbers, small ads...If the site appears with
too many small ads, that is, with commercial activity,
[with an intent] to sell some things, I will not accept
it. [A-3-98]

I will check information from an accredited
institution...[If called to choose] [b]etween
information available for 2005 and 2009, I would
rather believe information from 2009, because it is
relatively new. The content is really a relatively large
problem; I will pay attention to the source...If it is
just the Central Research Institute meeting with a
doctor, I will ask that day to see that...that
perspective? [A-2-91]

Online health information used by older adult students was
mostly concerned with “diet and nutrition,” “health and
wellness,” and “exercise and fitness”:

Before, when I was working, I was often busy when
I ate, so I did not pay attention to nutrition, had no
time to exercise, causing me to be physically ill often,
and also susceptible to catching a cold, and now,
after retirement, I pay special attention to diet and
health issues such as exercise and fitness. I think
exercise [is important] for your health. [B-3-5]

Besides, older adult participants had access to a communications
software group, enabling them to access online health
information via group sharing:

We have a Line group in the class, [and] every day
we share messages. Last month a student was sick
and suddenly died. We are already into old age, so
we all attach great importance to health problems,
and if we do not maintain our health, we will soon
meet God. So, we have a bunch of health messages
every day to share with each other, every day mobile
phone messages to forward. [B-5-11]

I am now sixty years old, at the age when I begin to
face what old, sick, dead, and living must go through,
when you hear friends around who get sick and then
survive, they become more self-alert. Computers are
used less now, as mobile phones are most convenient,
I now have time to draw...We often use
communication software to share health information
to friends and relatives, in the hope that people can
keep healthy. [B-4-15]

The above data indicated that the majority of older adult students
had retired from work and had more time to pay attention to
their health, focusing more on their “diet and nutrition,” “health
and wellness,” and “exercise and fitness.” Their primary source
of information was mobile communication software through
which they shared health messages.

Second Result
Most of the respondents believed that they had no problem with
reading comprehension. However, most of the older adult
students observed that they had lower critical ability and
difficulty distinguishing correct information from incorrect
information. Therefore, they believed that most health
information was not very reliable as a reference:

There are a lot of opportunities to share health
information, [and] reading comprehension is not a
problem. I am also interested in the content, but some
of the information overlaps, and I cannot evaluate
the accuracy, so the reference value is reduced. Also,
I have to follow the practice of health information.
But the effect [once the information is applied] is not
as favorable as the health information itself, so for
these messages, after reading the reference, the effect
is more difficult to control. [B-3-45]

Older adult students primarily based their assessment of
information accuracy on both subjective judgment (such as
individual experience or previous knowledge) and objective
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standards (such as sources, publication date, or professional
authorship). These respondents used implicit perceptions of
their own experiences and subjective judgments as well as
explicit perceptions, such as information from experts and
cross-validation of information from credible institutions:

Online health information needs to be cross-verified
for correctness through different channels, such as
seeking formal medical information medical
information or asking a medical professional.
[B-1-71]

Discussion

Electronic Health Literacy Performances Vary Across
Generations
In the overall assessment of eHealth literacy, traditional college
students scored higher than older adult students. The results
indicate that eHealth literacy varies across generations. eHealth
literacy has multiple levels [6]: the first layer, functionality, is
the basic reading ability; the second layer, interaction, is
advanced knowledge; and the third layer, criticality, is more
in-depth analytical ability to judge [25]. This may be explained
by the concept of cognitive dimensions, as both functional and
critical eHealth literacy involve higher levels of ability that
require more extended periods of cognitive training to develop.
In this study, young college students were more educated than
older adult students. Therefore, it was likely that the level of
educational attainment for these college students would be high,
and, consequently, eHealth literacy levels would also be high
[26]. Accordingly, college students had higher scores in eHealth
than older adult students.

Individual Experience of Accessing Online Health
Information
This study found that traditional college students and older adult
students accessed online health information differently. Young
adult college students accessed online information from websites
and focused mostly on “beauty,” “weight loss,” and “fitness.”
These topics typically concern physical appearance. Older adult
students accessed online health information generally through
communication software, enabling them to share more health
information. The health information older adult students tended
to access included information about diet and nutrition, health
and wellness, and exercise and fitness.

Moreover, most of the study participants had expressed the
belief that the majority of online health information could be
read and understood. However, when evaluating the quality of
information, they were generally doubtful. Participants pointed
out that the quality of online health information is divided into
subjective judgment and standard objective information.
However, some participants in each group suggested that, in
the era of information explosion, it is not easy to choose and
determine the accuracy of the information. Thus, the participants
tended to take a skeptical attitude if they were personally
involved and would then find additional resources to verify
through multiparty comparison to enrich their knowledge and
understanding of the topic. This finding is similar to the findings
in the study by Hsu et al [8]. This may be explained by the

Uncertainty Management Theory (UMT) [27]. A prominent
communication uncertainty framework has been applied to
appraise the associations between online health information
seeking and uncertainty management [28,29]. A central tenet
of UMT proposes that uncertainty is not necessarily a negative
or positive experience; instead, an individual will appraise the
meaning of uncertainty, and the resulting emotional response
will determine whether the uncertainty is evaluated as negative,
positive, or neutral. The uncertainty evaluation will influence
an individual’s behaviors in managing his or her uncertainty.
For example, individuals for whom uncertainty is an undesirable
or negative state may seek health information to augment their
knowledge and thereby lessen their state of uncertainty [30].

Furthermore, in study 1, functional eHealth literacy scores were
different for traditional college students and older university
students, but interactive and critical eHealth literacy scores did
not differ. Empirical evidence has shown that an inverse
correlation exists between age and eHealth literacy [17,31,32].
In study 2, the experience of how interviewees obtained online
health information differed according to generation. Most
interviewees could read online health information, but older
adult students had less critical ability to do so. Paige et al [14]
indicated that, compared with younger adults, older adults had
less ability, possibly owing to cognitive degradation, to evaluate
and act upon online health information. Bodie and Dutta [2]
pointed out that antecedents such as personality and educational
background are the factors that influence the individual’s
eHealth literacy. The interviewees in this study received
different modes of cognitive training, which might be
responsible for the difference in the results and also highlights
the need for eHealth literacy to be introduced into education.

Limitations
This study has several limitations. First, the study was performed
under trial conditions in which it was expected that the
participants would answer hypothetical questions that were not
clear and did not directly address the participants’ actual
physical health concerns. Second, this study found that both
younger college students and older adult students were capable
of reading and understanding online health information to some
extent. The participants did have basic eHealth literacy.
However, both groups experienced difficulties in recognizing
correct health information online. Given that we did not observe
the highest level of critical eHealth literacy, the data collected
through our investigation may not have been specific enough.
Furthermore, the interviewees constituted a voluntary sample
of 5 participants, which likely affected the generalizability of
the results.

This study found that functional eHealth knowledge varies
across age groups, unlike interactive and critical scores. Higher
levels of eHealth knowledge are more difficult to cultivate and
evaluate [5,6,8]. Given that most people do not have the ability
to attain higher-level health literacy, there were no differences
between groups. However, some studies have pointed out that
older adults had less confidence in eHealth resource awareness,
information-seeking skills, and the ability to evaluate and act
upon online health information [14]. This study used interviews
to understand the participants’ capacity to read, understand, and
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critically evaluate health information, along with other relevant
experience. It collected and analyzed the participants’
self-reported data. However, there is a difference between the
online performance of the participants and their real offline
experience of eHealth literacies. Future studies could record the
actual online behavior of the participants, utilizing a specific
observable behavior analysis, and investigate how the subjects
demonstrate the 3 levels of eHealth literacy. This would give a
better estimation of their actual abilities [26].

Conclusions
This study explored the effect of age on eHealth literacy in the
hope that the findings will stimulate further debate about how
a health education framework can be translated into practical
approaches and contribute to the further refinement of the
eHealth literacy concept. In the eHealth literature, this is the
first study to explore whether group differences exist.

The findings showed that there are gaps in eHealth literacy
between traditional college students and older adult students.
Therefore, we recommend that the education system strengthens
the functional and critical eHealth literacy of both groups. These
age disparities have been attributed to older adults’unique health
needs (eg, “diet and nutrition,” “health and wellness,” and
“exercise and fitness”) as compared with younger adults [33]
and to more specialized health concerns (eg, beauty, weight
loss, and fitness) of college students.

Due to different personal eHealth literacy experiences, to
develop specific strategies for promoting individualized health

literacy, it is necessary to know about the current health concerns
of different individuals not only to design eHealth learning
programs but also to empower individuals in planning them.
The study observed that participants, when faced with
challenging and uncertain health situations, employed various
strategies to reduce ambiguity about a health-related condition.
Furthermore, based on Nutbeam’s original conceptualization,
Paige et al [34] proposed the Transactional Model of eHealth
Literacy, which has theoretical underpinnings in transactional
communication literature, and adds a fourth level of
“translational eHealth literacy.” This is the highest cognitive
level of eHealth literacy, and it is informed and builds upon
lower-level eHealth literacy dimensions (ie, critical,
communicative, and functional). Future studies could investigate
how the internet may provide a useful and valuable channel for
health information to consumers who wish to utilize information
strategies for managing health-related uncertainty.

Moreover, literacy, numeracy, decision-making, and reasoning
skills may be needed for the critical evaluation of the retrieved
information by each group of students [26]. These skills reflect
more critical and translational elements of online information
processing, inviting future study. The study summarizes online
health information experiences and performances of traditional
college students and older adult students. As data collection
may involve participants’ subjective perception of their abilities,
it is not easy to determine skill-based literacies. Future research
is needed to explore this issue.
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