Xiaomei Wang' Tracy C. Kim

Research Article

2 Sudeep Hegde! Daniel |. Hoffman? Natalie C. Benda?

Ella S. Franklin? David Lavergne® Shawna . Perry* Rollin J. Fairbanks? A. Zachary Hettinger?

Emilie M. Roth®  Ann M. Bisantz'

T Department of Industrial and Systems Engineering, University at Buffalo, Sudeep Hegde, PhD, Department of
State University of New York, Buffalo, New York, United States Industrial and Systems Engineering, State University of New York at

2National Center for Human Factors in Healthcare, MedStar Institute Buffalo, 429 Bell Hall, Buffalo, NY 14260-1660, United States
for Innovation, MedStar Health, Washington, District of Columbia, (e-mail: shegde2@buffalo.edu).

United States

3Smart Information Flow Technologies, Minneapolis, Minnesota,

United States

4Department of Emergency Medicine, University of Florida,

Jacksonville, Florida, United States

5Roth Cognitive Engineering, Stanford, California, United States

Appl Clin Inform 2019;10:693-706.

Emergency Medicine
clinical decision
support

interfaces and
usability
human-computer
interaction

cognitive systems
engineering

received

March 12, 2019
accepted after revision
July 12, 2019

Background Hospital emergency departments (EDs) are dynamic environments,
involving coordination and shared decision making by staff who care for multiple
patients simultaneously. While computerized information systems have been widely
adopted in such clinical environments, serious issues have been raised related to their
usability and effectiveness. In particular, there is a need to support clinicians to
communicate and maintain awareness of a patient’s health status, and progress
through the ED plan of care.

Objective This study used work-centered usability methods to evaluate an integrated
patient-focused status display designed to support ED clinicians’ communication and
situation awareness regarding a patient’s health status and progress through their ED
plan of care. The display design was informed by previous studies we conducted examining
the information and cognitive support requirements of ED providers and nurses.
Methods ED nurse and provider participants were presented various scenarios
requiring patient-prioritization and care-planning tasks to be performed using the
prototype display. Participants rated the display in terms of its cognitive support,
usability, and usefulness. Participants’ performance on the various tasks, and their
feedback on the display design and utility, was analyzed.

Results Participants provided ratings for usability and usefulness for the display
sections using a work-centered usability questionnaire—mean scores for nurses and
providers were 7.56 and 6.6 (1 being lowest and 9 being highest), respectively. General
usability scores, based on the System Usability Scale tool, were rated as acceptable or
marginally acceptable. Similarly, participants also rated the display highly in terms of
support for specific cognitive objectives.
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Conclusion A novel patient-focused status display for emergency medicine was
evaluated via a simulation-based study in terms of work-centered usability and
usefulness. Participants’ subjective ratings of usability, usefulness, and support for
cognitive objectives were encouraging. These findings, including participants’ qualita-
tive feedback, provided insights for improving the design of the display.

Background and Significance

Hospital emergency departments (EDs) are dynamic, high-risk,
and fast-paced environments. Frequent interruptions and rapid
task switching lead to high cognitive demands. Information
systems are needed to support complex tasks related to com-
munication and care coordination.™ The implementation of
computerized health information systems in emergency medi-
cine (EM) has led to new opportunities for task support but has
also created new challenges, in part due to shortcomings in
design which impact the usability and usefulness of these
systems.”~’ Health information technology (IT) has improved
legibility issues, historical information access, and data sharing
capabilities. However, often due to suboptimal user interface
design, these advances have also led to serious unintended
consequences, such as wrong patient orders, increased cogni-
tive workload, and decreased shared awareness.®™ In a
response to documented usability issues, the Office of the
National Coordinator for Health Information Technology
recently released new health IT certification criteria requiring
vendors to adopt user-centered design processes before distrib-
uting final products.'® Despite this recommendation, vendors
may not always comply, resulting in the release of products that
still do not support workflow and risk patient safety.®''-13
Many health care organizations have expressed dissatisfaction
with their current electronic health record (EHR) system,
particularly its failure to decrease workload and increase
productivity. Accordingly, the percentage of these organizations
switching EHR vendors quadrupled from 2013 to 2014.'41°

Previous work has investigated aspects of design and
usability of electronic patient tracking systems which
replaced manual whiteboards used to track ED patient
information'®"® as well as the usability of other aspects of
EHR systems used in the ED, such as graphical user interfaces
in software for tablet?® and clinical decision support tools.?!
Previous work of this research team used methods from
cognitive systems engineering to design a suite of patient
tracking and ED management-related displays and evaluated
those displays in laboratory and clinical simulation set-
tings.?>~2* There has not, however, been a focus on designing
an integrated, patient-focused view that helps clinicians on
the ED care team develop, communicate about, and maintain
awareness regarding a patient’s health status and progress
through the plan of care.

Therefore, this research focused on the development of a
status display intended to facilitate care coordination and
shared awareness about individual patients among ED pro-
viders and nurses on the patient care team. The display design
was informed by a previous series of studies we conducted
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examining the information and cognitive support require-
ments of ED providers and nurses. We conducted an observa-
tional study to document communication patterns between
nurses and providers in multiple EDs.?> This was followed by a
series of focus groups with ED providers and nurses that
identified the information that ED providers desired
from nurses and vice versa and the obstacles that exist to
obtaining this information in today’s environment (Hettinger
AZ, Benda NC, Roth EM, et al. Ten best practices for improving
emergency medicine provider-nurse communication. ] Emerg
Med, submitted for publication).26

The studies collectively pointed to a need for a coherent
patient-focused view of each patient that brings together
information needed by all ED clinicians. Notable needs include
(1) the ability for the nurse and physician to maintain awareness
of what is new, what has changed, and what is pending relative
to a given patient (e.g., a new test was ordered, results were
returned, any negative changes in vital signs; (2) the ability of
nurses and providers to have a shared view of the plan of care
and disposition; and (3) the ability to see critical information on
atimeline so as to be able to follow patient progress (e.g., patient
was assigned to a room; patient was seen by physician), to
anticipate future scheduled events (e.g., patient to be seen by
consultant, patient to go to surgery), and to identify relation-
ships between events and patient responses (e.g., the time
course between administering a medication and changes in
patient pain symptoms or vital signs).

Objectives

The purpose of this study was to evaluate a status display for
EM, employing work-centered usability methods.?*?’ Key
evaluation metrics included participants’ performance on
realistic tasks across multiple clinical scenarios, subjective
ratings of the display’s cognitive support for ED tasks, and
ratings of the usability and usefulness of the display. The
findings from this study can be used to improve the current
design and also provide implications for improving health IT
design in the ED on a broader scale.

Methods

Participants

Atotal of 20 clinicians currently working in an ED, including 10
nurses and 10 attending physician, residents, or physician
assistants (labeled as providers below)—were recruited for
this study by email distributed across three Mid-Atlantic urban
ED hospital staff lists from a single hospital system. The not-
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for-profit hospitals included were a 912-bed academic medical
center, 223-bed acute care teaching hospital, and a 609-bed
acute care teaching and research hospital.

Materials

Participants interacted with a patient-focused status display,
which was developed using an iterative user-centered design
approach?® was used to develop the patient-focused status
display. The design process began with a full-day concept
design meeting that involved all members of the interdisci-
plinary research team, including three ED providers (A.Z.H.,
S.J.P, RJ.E), an ED nurse (E.S.F.), two experts in human
factors, cognitive engineering, and display design (A.M.B.
and E.M.R.), as well as human interface and software design
specialists (D.L., N.B., T.C.K., D.J.H.). Based on the results of
our prior studies of ED nurse and physician information
needs, the design team identified the cognitive support
requirements and information needs that the patient-fo-
cused status display needed to satisfy. We then identified
major elements the display needed to include to satisfy the
cognitive support requirements, and developed initial
sketches of these display areas. Then, prototypes of increas-
ing levels of fidelity (hand and computer-drawn sketches)
were developed and refined based on research team feed-
back. Finally, a high fidelity prototype was developed on a
Web-based platform. This prototype display was presented
for feedback to two ED nurses and a physician not involved in
the research project or previously familiar with the display.
Feedback was generally positive, and a final design iteration
was conducted to address their suggestions for improve-
ment. The resulting patient-focused interface tested in the
user evaluation reported here consists of seven distinct
sections, or windows, for each patient profile ( )- Users
are able to navigate between patient profiles by clicking a
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dropdown menu at the top left-hand corner and selecting the
patient they wish to view.

Top Banner: The top banner contains patient demographic
and critical information available at intake. The first section
contains a picture of the patient taken upon their first time in
the ED with identifying information such as their medical
record number, date of birth, age, gender, and weight, as well
as the mode of arrival, bed number, date of their last
encounter with the health system, date of their last time
in the ED, a link of records from their last hospital admission,
and their current phase of care. The adjacent sections contain
information on the patient’s chief complaint, triage vitals,
allergies and critical information (shown in red), other
information that would be useful in the delivery of care,
medical history, home medication list, care team members,
and the current time.

Orders: This window provides a list of the orders entered
for the patient since their arrival along with timestamped
status updates for each order (e.g., an imaging order could
have one of the following statuses: ordered, taken, read). The
order type, name, status, and time can be sorted by alpha-
betical or chronological order.

Current Patient Status: This window summarizes the most
up-to-date information available regarding the patient while
receiving care in the ED. The top section displays a list of the
patient’s most recent vital signs, their Glasgow Coma Score,
and the lines or tubes such as intravenous or urinary
catheters that have been placed. Links to the patient’s triage
note, nursing assessment, and patient’s chart are provided
(though for purposes of this research, these linked to “place-
holder” windows rather than actual records). The bottom
section of the current patient status window includes four
subsections showing the problem list (populated at triage),
laboratory results, ED medications administered (including

Histary (8 items)

Med List @ 1500 |

A . = .
Current Patient Status [Tl D e Event Feed
& Type & Ciithai | g i
in D aaige: 12 nore Compeied 1486 || - e x
[ s e e e
Ik WA SIS A W T C e Competed X85 | e — =
|2 kA ehat i3 iy ] PRESSORE o0 g F—r
{ war || Fever Atarere pramzam L |
:9 Alygesi iprahopeasn &2 Compeied 1210 Il o + Dischisgi 10 bomme
!| Feapsd Fu Competed 1055 i' T [ & imaging Reasis || & Trpe & Order & Siatun
# AlrstarsHp ispesn Comee 1052 |u=|-g Eotne [ e Bl
& Ghxor Bedee Compisied DM || LA 1 D0 P ey Wizl

,‘_h-| Comgristed - -

LUrinaysis reflex Micro/fCutiure

&
o compend -

Uring BHCGO

n‘&i

Conmpeeted =

Z  Chest PA and LAT

Pl - -

Image of the patient-focused display prototype with different sections for a given emergency department (ED) patient profile (For the
purpose of the study, the patient’s name, image, and demographics were replaced with fictitious information).
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dosage and route of administration), and imaging orders
(with image and radiologist’s report as available). The com-
pleted medications, laboratories, and imaging orders can be
sorted in alphabetical order.

Plan: This window provides information about the clinical
plan for the patient. Members of the care team could use this
section to communicate about what is happening next for
the patient with the option to add and/or delete information
in free-text.

Future Actions: The future actions window contains infor-
mation about upcoming tasks and shows information about
any order, scheduled action, or recurring event that has not
yet been completed. Users are able to add custom to-do
actions that should occur at a scheduled time, such as
obtaining vital signs, or actions without a set time, such as
a reminder to go talk to the patient’s family.

Event Feed: The event feed provides a chronological
display of each activity associated with a patient, in a
standardized format. Activity type, time, relevant medical
details, and status updates are provided. In addition to orders
and test results, the event feed includes activities such as
changes in care providers and discharge orders. Additionally,
the event feed offers functional features, including a search
bar, two toggle buttons that allow the filtering of information
within the event feed, and a feature that will show the name
(s) of the care team member who has or has not viewed or
acknowledged the update, with the option to “push” the item
to others on the care team.

Timeline: Finally, the timeline is a graphical display that
provides a birds-eye view of all the events that have occurred
with the patient throughout the course of their stay on both a
small and larger scale. Providers are able to see clusters of
events throughout the patient’s ED stay, what phase of care the
patient was in during an event(s), and the phase of an order.
There are a total of five phases of care that are shown in the
timeline—in the waiting room, waiting for a provider, receiving
evaluation and/or treatment, needing assessment from a
provider, and waiting for admission or discharge after a
disposition order was placed. Events and orders are shown
as colored squares that indicate what stage of progress an order
is in. For example, a light purple color indicates when an event
“was ordered,” medium purple indicates that an event is “in
progress” to being completed (e.g., collected, in-laboratory),
and dark purple indicates when it is completed. Users are able
to view event details, such as the name or description, specific
phase, and time it occurred by hovering over a colored square.
Future scheduled events can also be seen in this section.

The timeline also displays patient vital signs in the
background as icons, such as hearts and clouds, with a legend
showing the representation for the different types. A toggle
button allows users to alternate between displaying events
or vital signs more prominently. These markers allow users
to see how different actions, or events, may have affected
vital signs.

Experimental Procedure
The study was conducted in a laboratory and facilitated by a

trained researcher using a moderator’s guide. Each participant
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provided verbal consent and then completed a demographic
survey to ensure they had previous experience working with
an EHR. Participants viewed the patient-focused display and
study prompts on two 24" liquid crystal display monitors and
used a mouse and keyboard to navigate and interact with its
various components. The patient-focused display contained
deidentified data extracted from seven actual patient visits,
representing a range of medical conditions and complexities.
For the purpose of the study, the patient’s name, image, and
demographics were replaced with fictitious information.

Participants were provided with a notepad and pen for
note taking or tracking purposes throughout the study
session. The free-text notes were not included in the data.
The video recording software Morae Recorder Version 3.3.4
(TechSmith) was used to capture participant mouse inter-
actions with the display as well as audio recordings. The
entire session took 2 hours or less.

The study was conducted in the following three phases:

Phase 1: Familiarization

In the first phase, participants familiarized themselves with
the overall functionality of the interface by watching a 12-
minute training video developed by the research team, freely
interacting with the prototype for 5 to 10 minutes, and com-
pleting a 16-item multiple choice questionnaire testing their
understanding of its seven components. The questionnaire
required participants to look through two patient profiles and
answer questions such as “Which of the following is not a
medication that she is currently taking?” and “when was the
ibuprofen order completed?”

Following the interface-familiarization phase, partici-
pants were provided with audio recordings of either an
emergency physician or nurse (depending on the partici-
pant’s role), describing each of the patient cases they would
encounter in the next task performance phase of the study.
The recordings were scripted by EM domain experts, and
comprised information that would typically be presented to
ED staff members during sign-over.

Phase 2: Task Performance

During the second phase, participants were given different
patient care-related scenarios. A scenario involved one or
more patient cases at a particular point in time. Descriptions
of each patient’s case are presented in . Participants
completed each scenario by performing tasks that required
them to interact with the prototype display and make clinical
decisions about the patients. Patient cases could be relevant
to more than one scenario and could reflect changes due to
time, between scenarios. For example, one patient presented
with a skin infection in one scenario, and then developed a
blood infection in a later scenario. The scenarios and their
order of presentation were consistent within each category
of participants, as their purpose was to create meaningful
interactions with the display, rather than as a controlled
independent variable. Providers and nurses completed
different scenarios and different sets of tasks. Nurses com-
pleted four scenarios and providers completed five. Provider
scenarios included reassessing patients after returning from

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Design and Evaluation of Patient-Focused Display Wang et al.

Description of cases for patients in the task-scenarios

Patient name

Case description

Sharpay Evans

31-year-old female patient with shortness of breath, fever and cough, and abdominal pain, with
influenza and possible preeclampsia

instructions

Later, she is ready to be discharged. She has been given discharge instruction for influenza, a
prescription for Tamiflu and close follow-up with her primary care doctor as well as return

Theodore Gusterson

87-year-old male presenting with shortness of breath and lower extremity edema. He presented
with a congestive heart failure exacerbation, requiring treatment, and admission to the hospital

Bartholomew Milankovic
sepsis. He is admitted to the ICU

Russian only speaking 64-year-old male with difficulty breathing, diagnosed with pneumonia and

Rani Kapoor

Ms. Kapoor is a 61-year-old female with cellulitis of her leg with a history of diabetes. She is stable
and admitted to the floor under the hospitalists.
Later tests indicate that the patient has developed necrotizing fasciitis

Penelope Drake

21-year-old female presenting with sore throat, fever, and feeling unwell. She is diagnosed with
mononucleosis that improves with medical management

Charles Klause

25-year-old male presenting with intentional medication overdose and cardiac arrest. Requires
critical stabilization intubation and admission to ICU

Abbreviation: ICU, intensive care unit.

a code and making disposition decisions. Nurse scenarios
involved prioritization of care between different patients,
and actions related to covering patients assigned to other
nurses who may be temporarily unavailable (e.g., responding
to a code). Tasks included ranking patients in the order of
severity of illness, reassessing them at a later time, and
indicating what they would do next for the care plan. These
tasks are consistent with decisions that are made by EM
providers. Participants were provided with approximately
10 minutes per scenario which was sufficient to allow them
to complete the tasks.

Phase 3: Subjective Assessments
The final phase of the study consisted of participants rating
the usability, usefulness, and frequency of use of the inter-
face with two questionnaires. The System Usability Scale
(SUS) questionnaire measured the general usability of the
display with 10 questions on a 5-point Likert scale ranging
from “strongly disagree” to “strongly agree.”?®

The second was the Specific Usability Questionnaire, devel-
oped by the research team, which asked participants to rate the
usefulness and usability of each section of the interface and its
specific components using a 9-point scale ranging from “not at
all effective” or “not at all useful” (score of 1) to “extremely
effective” or “extremely useful” (score of 9). Participants also
had the option to indicate “N/A not experienced during
session” for these questions. In addition to the overall usability
and usefulness ratings for each section, the questionnaire
included ratings for specific features in five of the seven
screen-sections, which had more complex functionality (the
plan and future actions sections were omitted for feature-
related questions). Further, the Specific Usability Question-
naire measured how frequently a provider would use the
information provided in the specific section by providing
five options from 1 (never) to 5 (more than four times per
shift) with an added option being “don’t know/not experi-
enced during session,” and asked participants to list a few tasks

(no more than three) for which they would use the section of
information to complete in free-text format. Example ques-
tions for the top banner section can be found in

Finally, based on their experiences in the different scenarios,
participants were asked to rate how effectively the display
supported 18 cognitive support objectives (CSOs) ( ,
modeled after [author]) using a 9-point scale ranging from “not
at all effective” (score of 1) to “extremely effective” (score of
9).22 Participants were able to refer to the interface throughout
all subjective assessments.

If the participant asked the moderator questions about
any of the phases (e.g., if the participant was confused about
interface functionality), the moderator would reiterate
information that had been provided in the training video
and the previously provided instructions but did not provide
additional details or assistance.

Data Analysis
For the familiarization and task performance questions, the
percentages of correct responses were computed. Answers
were scored by these subject matter experts (SMEs) based on
their consensus as to the correct answers. Unanswered
questions were counted as incorrect. Provider questions
were all multiple choice and correct answers were identified
by EM physicians on the research team. To assess the nurse
questions related to priority of care, two SMEs (both senior
registered nurses) separately identified 4 high priorities of
care. The SMEs agreed to a list of synonyms for these
responses (e.g., check vital signs = assess = check blood pres-
sure or temperature). Responses that included an expected
response by the SMEs were coded as correct. Responses to
ranking questions were coded as correct if the entire ranking
order was correct, otherwise it was marked as incorrect.
For the general usability questions, SUS usability scores by
each participant were calculated. Mean scores were calculated
for the CSO questions, usability and usefulness. Median scores
were calculated for the frequency questions. Inspection of the
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Please answer the following questions about com ponents of the ‘“at-a-glance inform ation

banner” (top) section:

1. The top banner provides identifying information, relevant medical history,critical medical information,

and any other data relevant to this encounter.

Does this section present the information shownin an effective or usable way?

1 2 3 4 5
Notat all
effective

Is this section of information useful to you?
1 2 3 4 5

Notat

all

effective

2. Critical information such as allergies and otherimportant information are highlighted in red.
Is thisinformation shown in an effectiveand usable way?

1 2 3 4 5
Notat
all
effective

Is this information useful to you?
1 2 3 4 5
Notat
all
effective

3. Other important but not clinical information is included in the “Other Information” window.
Is thisinformation shown in an effectivean usable way?

1 2 3 4 5
Notat
all
effective

Is this information useful to you?
1 2 3 4 5
Notat
all
effective

4.The fieldsin this banner can be moved to suit your needs and preferences.

Is this feature easy to use?
1 2 3 4 5
Notat
all
effective

Is this feature useful to you?
1 2 3 4 5

6 7 8 9 10 | N/A Not
Extremely | experienced
effective | during
session

6 7 8 9 10 | N/A Not
Extremely | experienced
effective | during
session

6 7 8 9 10 | N/A Not
Extremely | experienced
effective | during
session

6 7 8 9 10 | N/A Not
Extremely | experienced
effective | during
session

6 7 8 9 10 | N/A Not
Extremely | experienced
effective | during
session

6 7 8 9 10 | N/A Not
Extremely | experienced
effective | during
session

6 7 8 9 10 | N/A Not
Extremely | experienced
effective | during
session

6 7 8 9 10 |

Example of Specific Usability Questions for the top banner section.

data and residual plots for mean general usability, CSO, specific
usability, and usefulness scores did not indicate any serious
violation of assumptions of normality, independence, and
equality of variance. Therefore, three analysis of variance
(ANOVA) models were developed to identify significant main
effects and interactions between the variables. Ratings for the
general usability questions (SUS) were analyzed using a t-test
comparing the mean SUS scores between nurses and physi-
cians. A two-way ANOVA model was developed for the ratings
of CSO questions, with role as a between-subject variable. A
repeated-measure analysis was employed for the objectives, as

Applied Clinical Informatics  Vol. 10 No. 4/2019

an average across all the questions would not allow differenti-
ation across the components of the display. For the ratings of
usability and usefulness of specific elements, a separate mixed
ANOVA model was developed: role was again included as a
between-subject variable, measure type (usability and useful-
ness), and screen-section were included as within-subject
variables. All analyses were performed using R 3.5.0.

Finally, comments made by participants regarding the
usability and usefulness of interface features and their
responses to the specific question regarding tasks and interface
components, were collated and categorized. Specifically, verbal
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Participants” demographic information

1 physician assistant

Current Position Years in Position Gender Age

Nurse 10 nurses, 2 with charge Range 1-15, median 4.25 9 female, 1 male Range 24-54, mean 33.2
nurse position

Provider 5 attending, 4 resident, Range 1-14, median 3 8 female, 2 male Range 28-41, mean 33.7

feedback was categorized by general and specific component
responses and then further divided into positive feedback,
critiques, and suggestions. Responses to the question “List a
few tasks (no more than 3) you would use this section of
information to complete” were analyzed by a single coder by
consolidating responses into thematic codes. The most fre-
quently occurring themes for each screen-section by providers
and nurses were identified. A second researcher reviewed the
themes and constituent codes to check for consistency of
labeling responses across participant type and screen-section.
Additionally, two clinician researchers reviewed the themes to
ensure accuracy and completeness of thematic codes from a
clinical perspective.

Results

Participants

Ten nurses and 10 physician or physician assistant providers
were recruited ( ). All participants had familiarity
with at least one health IT system and 19 of the participants
reported to be expert or proficient in least two systems
including certified commercially available EHR systems or
“home-grown” health IT systems.

Familiarization

Two of the 16 familiarization questions were eliminated from
the analysis because they were found to be ambiguous. Of the
remaining 14 questions, 10 questions received 20 correct

No. of nurses who completed each task correctly

responses (100% of participants), 3 questions had 19 correct
responses (95%), and 1 question had 18 correct responses
(90%). This indicates a good level of understanding of the
display functionality across the participants.

Task Performance Questions
Nurses and providers completed different tasks (designed
based on their roles in the ED). As shown in ,
performance of nurses was generally high across all tasks.
For providers, there was wide variability in the correct
response rate, from 0 to 100%, with all 10 participants
responding correctly to only 1 question (see ).
Task 1brequired the user to rank the acuity of three patients,
whereas tasks 1a and 2 to 5 required users to select the best
option from 4 choices given the status of the patient and
current results.

General Usability Questions

The mean SUS score of all participants was 69.6. Mean SUS
scores of nurses and providers were 73.45 and 65.75. These
two scores fall into overall categories of “acceptable” to
“marginally acceptable,” respectively.>® There was no signif-
icant difference between nurses and physicians’ SUS scores, t
(18)=0.999, p=0.331.

Cognitive Support Objectives
All 18 CSOs received mean scores higher than neutral (5.00)
on the 9-point Likert scale ( ). Eighty-three percent

Scenario Nurse tasks

No. of correct responses
(10 nurse participants)

Scenario 1: Listen to sign-over from outgoing
nurse regarding 2 patients, Mr. Gusterson and
Mr. Milankovic, and answer questions about
each

Task 1a: Which of the following tasks need to
be completed before giving report to the ICU
on Mr. Gusterson?

10

Mr. Milankovic’s chart and answer the
prioritization question

Task 1b: Which of the following medications 10
does Mr. Milankovic still need to receive?
Scenario 2: Review and plan next tasks for Task 2: Please rank your three patients in 8
each of their own patients order of severity of illness (Who do you need
to go see first?)
Scenario 3: A nurse on your team has asked you Task 3: Please rank the three patients you are 9
to watch over her patients as she’s pulled away watching in order of severity of illness
to an emergency. Review these patients’ charts (Who do you need to go see first?)
and answer the ranking question
Scenario 4: Other nurse is back. Review Task 4 (qualitative): Identify a priority of 10

nursing care for Mr. Milankovic.
(What needs to be done next?)

Abbreviation: ICU, intensive care unit.

Applied Clinical Informatics  Vol. 10 No. 4/2019

699

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



700 Design and Evaluation of Patient-Focused Display Wang et al.

Number of providers who answered each question (task) correctly

the patient, Ms. Rani Kapoor, who has just
been admitted with leg cellulitis

describes this patient’s (Ms. Kapoor's) current
status

Scenario Provider tasks No. of correct responses
(10 provider participants)

Scenario 1: Listen to sign-over from outgoing Task 1a: For Mr. Gusterson, indicate what you 0
physician regarding 3 patients, Mr. Gusterson, would do next
Mr. MllankOVIF’ and Ms. Rani Kapoor, and Task 1b: Rank the three patients that were 8
answer questions about each . . . .

signed out to you in order of severity of illness

from most (1) to least (3) severe (Who do you

need to go see first?)
Scenario 2: The shift is busy and patients are | Task 2: Please choose the most appropriate 3
waiting to be seen. Review Ms. Evans’ next step in the patient’s (Ms. Evans) visit
information in preparation for going to
complete their history and physical
Scenario 3: You have just returned from a Task 3: Please choose the most appropriate 4
code. Assess Mr. Milankovic next step in the patient’s (Mr. Milankovic) visit
Scenario 4: Ms. Evans is ready to be Task 4: Please evaluate the patient’s chart 7
discharged. She has been given discharge (Ms. Evans) and choose the next best action
instruction for influenza, a prescription for
Tamiflu and close follow up with her primary
care doctor and return instructions
Scenario 5: It’s the end of your shift. Assess Task 5: Please choose the phrase that best 10

Cognitive support objective questions with means and standard deviations of scores across all participants

Cognitive support objective questions All Provider | Nurse

Rate how effective the interface was/would be in supporting the following tasks/goals:

1. Know critical medical information about the patient (e.g., allergies, current medications, precautions)? | 8.50 | 8.40 8.60

2. Know where the patientis in the care process (e.g., waiting for laboratory results, waiting for admission) | 8.05 | 7.40 8.70

3. Know what the plan is for the patient's care and likely disposition? 8.00 | 7.70 8.33

4. Know important nonmedical information about the patient that may impact their care (e.g., patient | 7.85 | 7.40 8.30

does not have a ride home; patient speaks a language other than English; patient uses a walker)?
5. Communicate about the status of orders and the patient's progress through the ED with others on the | 7.80 | 7.20 8.40
care team?

6. Provide support for the sign-over process (e.g., at beginning or end of a shift)? 7.75 | 7.50 8.00

7. Quickly assess the patient's current clinical condition (e.g., symptoms, laboratory results, vital signs)? | 7.70 | 7.20 8.20

8. Understand the status of orders for the patient (in process, waiting for results, completed)? 7.65 | 7.20 8.10

9. Communicate about the patient's clinical condition with others on the care team? 7.55 | 7.20 7.90

10. Support effective planning for the patient's care? 7.50 | 7.20 7.80

11. Coordinate aspects of a patient's care with others on the care team (e.q., insuring tasks are complete, | 7.50 | 7.20 7.80
planning task assignments, asking for help)

12. Allow you to understand what others on the care team know about the patient (e.g., that a physician | 7.40 | 6.90 7.90
has been notified about laboratory results; or that a nurse has seen a medication order)?

13. Be alerted to/understand hold-ups in the patient's care/progress through the ED? 7.20 | 6.50 7.90

14. Support an overall shared understanding of the patients' clinical condition and visit progress across the | 7.20 | 6.50 7.90
care team?

15. Understand that the patient is waiting for you to complete an order/follow up (i.e., that you are the hold-up)? | 7.15 | 6.20 8.10

16. Provide support for documenting the patient visit (e.g., in the chart or nursing note)? 6.55 | 6.10 7.00

17. Provide support for prioritizing your tasks across the multiple patients you might be caring for? 5.80 | 4.80 6.80

18. BﬁalEeI;ted tg/understand if there has been a significant change in the patient's clinical condition during | 5.75 | 5.10 6.40
the stay?

Abbreviation: ED, emergency department.

Applied Clinical Informatics  Vol. 10 No. 4/2019

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Design and Evaluation of Patient-Focused Display Wang et al.

(15 out of 18) had mean scores higher than 7, which
indicates high level of support for objectives. The highest
rating was for supporting providers in checking critical
medical information about the patients, while the lowest
rating was for supporting providers in noticing
significant changes in a patient’s clinical condition during
the ED stay.

The two-way ANOVA showed that there were significant
main effects of role and objectives (p < 0.001) on CSO score.
Nurses gave a mean score of 1.02 points higher than
providers (mean scores were 7.89 and 6.87, respectively).
Tukey’s honest significant difference (HSD) test was con-
ducted to test for differences between the CSOs, and showed
that mean scores for objectives 1 through 15 were similar
(no significant differences). However, the mean scores for
objectives 17 and 18 were significantly lower than objec-
tives 1 through 12, and objective 16 was significantly lower
than objective 1.

Usability, Usefulness, and Frequency of Use

shows the specific usability and usefulness scores
averaged over all questions for each section and the shared
features (left axis scale), along with median frequency of use
scores (right axis scale). One question regarding the event
feed was removed from the analysis because it was included
in the incorrect subsection. Among the 27 features, 23 (85%)
had ratings higher than 6. Features with mean ratings below
6 all belonged to the timeline section.

Median scores were high for frequency of use with
responses of either two to four times per shift, or more
than four times per shift, except that median frequency of
nurses on the timeline section was once per shift. For four of
six sections, providers and nurses responded similarly. Fre-
quency of use was also lowest for the timeline section,

All Sections
~
» ».
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similar to usability and usefulness. Note that the frequency
question for the event feed was inadvertently left out of data
collection, and so could not be analyzed.

After insignificant interactions were removed, the final
mixed ANOVA model had two significant main effects, two
significant interactions, and one significant nested variable.
Role was again significant (p <0.001), with nurse mean
scores higher than providers (mean scores were 7.56 and
6.68, respectively). Section was also significant (p < 0.001).
Tukey’s HSD test showed that mean scores for the events
feed and timeline sections were similar to each other, but
both significantly lower than the other sections. The inter-
action between role and section was significant (p < 0.001).
Nurses gave higher mean ratings on all sections than
providers, but role effect was greater on some of the
sections. For example, nurses gave higher scores to the
events feed than the timeline compared with providers.
Interaction between measure and section was also signifi-
cant (p=0.02). Usability was higher than usefulness for top
banner and timeline sections, for shared features, and vice
versa in the remaining sections. The nested variable, fea-
ture, was also significant (p <0.001), indicating that the
mean ratings for different features varied.

Participants’ Comments on Screen Use—Tasks

Both nurse and provider participants provided free-text
responses about tasks they would complete using each
screen-section. Prominent themes identified via the qualita-
tive analysis are shown in below.

Additionally, informal comments by participants about
the screen sections, in terms of positive feedback, critiques,
and suggestions. These are summarized below:

Top banner: Readily available information related to
phases of care is very useful. Suggestions included adding

o2 = Provider
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Average usability, usefulness, and median frequency of use scores for each display section and for shared features.
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Prominent response themes representing tasks for which participants indicated they would use each screen-section

Initial assessment/reassessment
Verifying patient information
Giving/calling report

Screen Nurse Provider

section

Top * Medication management: * Review/look-up: patient medical history,
Banner reconciliation/administration medication list, and doses

Initial assessment/reassessment
Prioritizing patient
Verifying patient information

Order Checking what needs to be done -
History medication/tests/laboratories
Delegating/completing task

* Checking status of task
Prioritization tasks

* Checking status of orders
Identifying: issues/delays/pending orders

Actions * Planning
Prioritization tasks

Current * Review/look-up: laboratory/imaging results, * Review/look-up: laboratory/imaging results
Patient medication orders Review/look-up: medication list and doses
Status * Medication management: * Decision: when to reassess the patient
reconciliation/ administration
* Giving/calling report
* Communication: discussing
with MD and planning
Plan » Communication: update/notify MD: e Communication: plan with team
disposition and laboratories * Tracking patient progress
Future * Collecting laboratories * |dentifying: issues/delays/pending orders

Feed

Decision: when to update MD

Events » Communication: update/notify MD: labs

* Shared awareness: seeing what team members
have seen: orders/updates
Review/Look-up: orders/recent updates

Timeline Review/look-up: vital trends
Tracking patient progress

Tracking infusion and medication

* Identifying: issues/delays/pending orders

Review/look-up: vital trends
Tracking patient progress
Identifying: issues/delays/pending orders

Abbreviation: MD, Doctor of Medicine.

free-text and updating capability, and additional informa-
tion, such as patient code status.

Orders: Useful and preferred over event feed.

Current patient status: Nurses found this a very helpful
window and indicated that it offers easy access to imaging
(which otherwise requires more clicks). A feature suggested
both nurses and physicians were able to click laboratory
values from hover and access as pop-up. Physicians offered
additional suggestions including features for timestamps for
results and ability to compare with previous results.

Plan: Nurses found this very helpful, and physicians
concurred this would be helpful to the nurses. The nurses’
concern was the plan presented was not up to date. Both
participant groups suggested automating the name and
timestamp information for faster entry process.

Future actions: The free-text field was appreciated by a
nurse. No further feedback was provided by participants on
this section.

Event feed: Both nurses and physicians found this section
useful for training (junior nurses or residents) purposes.
Nurses found some features confusing, and mentioned need-
ing more time to familiarize with toggle buttons and push
notifications.

Timeline: A participant suggested that this section would
be more useful as part of quality improvement process after

Applied Clinical Informatics  Vol. 10 No. 4/2019

the patient encounter. Physicians found the vital toggles
useful. However, most participants found this section very
complex. Participants suggested a feature to enable mini-
mizing the window.

Other suggestions included providing more free-text
fields in sections which lacked this, changes in format of
information presented, such as laboratory values in a matrix
form, and the ability to minimize windows.

Discussion

Overall, ratings regarding usability, usefulness, and cognitive
support indicated a positive reaction to the display. Both
nurses and providers provided ratings of usability and useful-
ness that were positive, with all 7 sections and a majority of
features (23 out of 27) receiving scores greater than 6 out of 9
when averaged across nurses and providers. Similarly, ratings
regarding support for cognitive objectives, averaged across
providers and nurses, were greater than 7 out of 9 for 15 out of
18 objectives. Participants also indicated high frequency of use
for most display components. This finding is similar to that of
Simpao et al, whose participants reported increased access and
use of electronic graphical displays which presented clinical
information when presented visually.3' Participants also
achieved high scores on the familiarization questions.
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Qualitative responses regarding the top potential uses for each
of the sections align with the CSOs (for instance, knowing
where the patient is in the care process, or reviewing critical
medical information about the patient). Taken together, these
results indicate that participants were familiar with the vari-
ous sections and features of the interface, and overall assessed
the interface positively.

The analysis did, however, point to opportunities for
improvement. Mean scores of general usability, generated
through the SUS tool, were 73.45 among nurses and 65.75
among providers. These scores fall in acceptable and mar-
ginally acceptable categories, respectively.3' These scores are
comparable to the SUS ratings reported by Kim et al for
expert nurses using a standard ED information display, and
higher than ratings by novice nurses using the same display
in that study.3? Also, while nurses were generally successful
in completing the scenario-based tasks with the interface,
the performance of providers was more variable. This may
indicate that the interface provided less support for some
aspects of physician work.

In considering task performance, it is important to note
that the primary purpose of the tasks was to force “realistic”
interaction with the interface, rather than to serve as a
comprehensive assessment of how the interface would sup-
port all tasks. That said, by examining the tasks, we can
identify some useful points for redesign. For instance, in
providers’ task 1, in which participants were asked to review
information about a patient while reviewing a (recorded)
verbal sign-over, none of the participants correctly identified
a critical laboratory result that had been missed by the
previous physician, perhaps because critical values were
not highlighted on the display. Provider participants also
did not consistently choose the best course of treatment for a
patient with sepsis (task 2), although the treatments they
tended to select are consistent with common protocols (e.g.,
overtreating with fluids and antibiotics for sepsis). This
points to a possible need for more integrated clinical decision
support into displays of health information. In contrast, the
interface did provide support for providers in ranking which
patients were most critically ill (task 1b) and in identifying
new information that changed a previous diagnosis (tasks 3
and 4), perhaps because (compared with many current EHR
systems), information was presented in an integrated view
rather than on separately accessed screens. In general, the
preference for more integrated information on electronic
display is consistent with findings of previous studies. For
instance, Hester et al have demonstrated that providing
integrated visual information for care of patients with bron-
chiolitis in the ED led to improvement in certain workflow
metrics such as reduced length of stay.3>

A design issue highlighted by the analysis was that the
timeline view did not appropriately signal changes in vital
signs when values were outside of the plot boundaries (e.g.,
were too high or too low to fit on the screen). Off screen values
were shown at the boundary (top or bottom) and were
animated (flashed), but were connected to previous values
with dashed lines and therefore did not indicate the degree of
change using the salient feature of slope. For one of the

familiarization questions, “How does the most recent heart
rate reading compare to the last reading?,” the correct answer
was “Lower” to reflect a change from 171 to 139, but three
providers answered that it stayed the same. After looking back
at video screen recordings, we realized that the three partic-
ipants who gave this answer used the vital signs shown in the
timeline (via vitals toggle button) instead of the dropdown
heart rate feature in the current patient status window.
Because all heart rate values higher than 140 display at the
top of the timeline plot, theline connecting the 171 value to the
139 value was horizontal, signaling no change. Two out of 7
participants who answered correctly also referred to the vitals
shown in the timeline (via vitals toggle button) but hovered
over each heart rate result before answering, and the rest of the
participants (5) referred to the dropdown heart rate feature in
the current patient status window. Interestingly, usability
issues related to time-series data lying outside the visual
boundaries were previously raised by Lin et al>* In a time-
series visual display of patient physiological functions, partic-
ipants assumed they had found the start of patient data, when
it was actually the end of a gap in the timeline which extended
outside the boundary of the plot. These findings indicate a
need to address usability issues specific to continuous longi-
tudinal data.

Additionally, some portions of the interface were rated
significantly less useful or usable than others. In particular,
the timeline and event feed windows had lower ratings of
usability, usefulness, and frequency of use. Because these were
novel features, it may be that participants were not sure of how
these display elements could be used and integrated into their
work with patients. These display elements were intended to
be most useful as information dynamically changed: either in
showing change and workflow over time (the timeline) or as
new or changed information was updated (the event feed). The
event feed also included specific features that supported team
communication. Because the scenarios and tasks did not
unfold over time, and because they did not incorporate team
members, it is possible that this evaluation did not allow
adequate assessment of these features.

Also, some CSOs were rated significantly lower than others.
Participants gave lower ratings for support regarding being
alerted to significant changes, and also noted this drawback in
their verbal comments. This is an important critique, consis-
tent with some of the task performance outlined above, and
may be due to the fact that we did not include any highlighting
or color coding of significant laboratory values or test results,
and also that some critical changes were masked by the
timeline design. Additionally, participants did not believe
the display provided support for prioritizing tasks across
multiple patients, likely because the display only provided
information about a single patient at a time.

There were differences in ratings provided by nurse and
provider participants. Overall, nurses gave higher scores for
usability and usefulness. This difference did not occur across
all display components, however, suggesting that the result
is not simply due to a difference in how the two groups
reacted to the questions. For example, nurses and providers
had similar scores related to the timeline, and had more
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pronounced differences for the event feed and future events
section. This may be due to cognitive different work needs
across the skill sets. Explicit display of future actions and the
updates provided by the event feed are consistent with
nursing practice requirements to check on tasks to be done
and outstanding orders or tests. It is also common for nurses
to take on care tasks for patients assigned to other nurses (i.e.,
to help with workload, to cover breaks), so they would
perceive value in having easy access to what events have
occurred, and what tasks are to be completed. Nurses also
gave the plan component a higher usefulness rating, perhaps
reflecting their need for better communication regarding the
physician-generated plan of care.

Participants generally gave display components higher
ratings for usefulness compared with usability. This may be
due to the fact that not all of the interactive features were
fully functional in the prototype used for testing: some
participant feedback indicated that they noticed a lack of
some expected interactivity (e.g., in the current patient
status section, the ability to click on laboratory results
from the hover-box and access the same as a pop-up). Lower
usability scores also point to design opportunities, for in-
stance improving the visibility of health changes, while the
higher scores for usefulness suggest that the correct infor-
mation and features were present.

Based on general verbal feedback received throughout the
study sessions, participants found the interface to be complex
but not too cumbersome. A feature that was particularly
appreciated was one which aided in tracking an event. Upon
clicking a single item, associated information would be
highlighted across other windows throughout the display,
specifically in the order, event feed, and timeline windows.
Then, depending on whether they were “completed” or “in
progress” would determine whether it would show up in the
current patient status or future order window. In terms of
general critiques, participants stated that the interface lacked
an alert system for outstanding orders, critical laboratory
results, or abnormal values, and that they preferred the ability
to view multiple patients at the same time compared with
having to switch between their profiles, which is consistent
with the low CSO response scores for questions 17 and 18.
Future work could elicit more extensive feedback about the
display features from potential users, to allow for a more
detailed qualitative analysis. Findings can be used to support
as well as enhance the current suggestions for improvement.

In summary, the patient-focused prototype interface
proved useful for both nurses and providers with good
performance across a range of cognitive support needs.
The work-centered evaluation methodology identified spe-
cific usability problems which can be addressed as part of the
ongoing iterative design of this prototype.

Limitations

Limitations of this usability assessment include the fact that
the prototype evaluated was not fully functional. The proto-
type lacked certain aspects of interactivity (e.g., windows
could not be resized or closed) and historical health records
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regarding the patients were not available. Additionally, the
scenarios were not dynamic (i.e., did not unfold over time)
and were not team based. Therefore, some of the potential
benefits and functionality, such as being alerted to incoming
events, or sharing information with team members, could
not be evaluated. As a laboratory-based evaluation, the
scenarios were limited in terms of their immersive nature.
Additional evaluations could include more immersive, dy-
namic tasks completed with a team of participants, similar to
methods used previously by this research team.?

Additionally, the scenarios were necessarily limited to a
small number of ED patients and tasks. While both the
patients and tasks were carefully selected to provide realistic
and challenging interaction with the prototype, it is possible
that including patients with different health concerns, or
developing different tasks, could have changed the results.
Also, nurses and providers did not complete the same tasks:
instead, tasks were chosen to best represent the work tasks
that the different groups would be likely to complete. How-
ever, the tasks differences may have contributed to the
differences in scores across the groups. Furthermore, the
study did not compare the prototype to a control interface as
the purpose was to simply assess the usability of the proto-
type. Future research could explore comparisons with exist-
ing ED displays or generic control interfaces. More objective
evaluations, including screen capture-based measurements
of interaction could also be considered.

Finally, the sample size was limited to 20 participants who
all worked in the same hospital system. This sample size is
consistent with recommendations for usability studies.3”
Participants did express a wide range of experiences with
different EHR systems. Furthermore, the current sample size
did allow us to identify statistically significant differences
that highlighted both useful aspects of the prototype as well
as needs for redesign, and which were consistent with
qualitative feedback provided by the participants.

Conclusion

A new display for EM was assessed in a laboratory-based
simulation study, using work-centered usability methods.
Participants rated the display and its components high
(above the mid-point) on scales for work-centered measures
of usability and usefulness. Similarly, participants generally
gave high scores for questions related to the CSOs of the
display. General usability scores, based on the SUS tool, were
rated as acceptable or marginally acceptable. Performance of
clinicians on scenario-based tasks using the display, howev-
er, was more varied, depending on the type of task or
question. Overall, these results demonstrate the value of
work-centered usability testing of an electronic system
that has been produced using an intensive user-centered
design process, and provide a scope for improving the design
of the display. Analysis of qualitative feedback collected from
the participants during the study also generated several
insights for improvement. The findings from this study will
be used to improve the current design, with implications for
improving health IT design in the ED on a broader scale.
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Clinical Relevance Statement

The study represents innovative approach to information
visualization in emergency medicine, with a focus on pa-
tient-focused information and user-centered design. This
research demonstrates the value of employing a true user-
centered design—an important step in overcoming the cur-
rent design issues with health IT, with implications for team
communication, shared awareness, and safer care in health
care. While findings indicate scope for improvement, they
also serve as evidence that such a display would be useful in
clinical practice.

Multiple Choice Questions

1. Mean usability and usefulness scores for the 7 sections of
the patient-focused status display were:

a. All higher than neutral.

b. All less than neutral.

c. Usability scores were higher than neutral, but useful-
ness scores varied between less and more than
neutral.

d. Usefulness scores were higher than neutral, but us-
ability scores varied between less and more than
neutral.

Correct Answer: The correct answer is option d, all higher
than neutral.

2. Which of the following statements is supported by the
findings of this study?

a. Both providers and nurses provided similar ratings for
usability and usefulness of the display sections.

b. There were no differences in how providers and nurses
said they would use the various display sections.

c. The patient-focused display was found to support the
cognitive objective of knowing critical medical infor-
mation about the patient.

d. Providers performed better on their tasks using the
display, than nurses on theirs.

Correct Answer: The correct answer is option c, the
patient-focused display was found to support the cogni-
tive objective of knowing critical medical information
about the patient.

This study protocol was reviewed and approved by the
lead author’s Institutional Review Board (IRB), which also
served as the IRB of Record for coauthors belonging to
other institutions. Participants provided verbal consent to
participate in the study.

This study was funded by the Agency for Healthcare
Research and Quality's (AHRQ) RO1 grant (ROTHS022542).

None declared.

The authors are grateful to all participants for their time, as
well as staff at MedStar Health for helping facilitate the
study. They are also grateful to the late Dr. Robert L. Wears,
who contributed to the conception and design of the study.
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