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1. Introduction and Project Overview

The U.S. Department of Defense maintains one of the largest healthcare networks in
the world, supporting in-patient and out-patient care not just for the active military, but
their families, reserve forces, veterans, and even civilians local to various military
treatment facilities (MTF). As such, each MTF experiences a wide variety of patients
and clinical requirements.

Intensive Care Unit (ICU) patients present healthcare teams with unique challenges and
complex combinations of life-threatening injuries and illnesses. Care for these patients
is necessarily multidisciplinary. Care providers across professions must collaborate to
make effective decisions, develop treatment plans, assess patient progress, and refine
management over time. Management decisions, though, are only as good as the
information available when they are made. For this reason, the Institute of Medicine
recommended improving access to accurate, timely information, and making relevant
information available at the point of patient care to improve patient safety. Despite
advances in computer systems and knowledge resources, communication failures
between resources and healthcare providers continue to cause the majority of
misadventures in healthcare delivery. Critical information for decision making remains
difficult to access and deliver, and is often missing at decisive moments.

Healthcare providers in an ICU environment amount to a joint cognitive system that can
be studied, modeled, and assisted through scientific methods and information
technology to improve decision making and, thus, improve patient care. The daily work
of the clinician requires knowledge representations as part of this joint cognitive system
to serve as a map for the ever-changing environment of work that must be successfully
navigated.

As we envision it, the Cooperative Communication System (CCS) is part of a joint
cognitive system that allows the healthcare team to remain connected to an individual
patient and to each other across time and space as the team delivers patient care. As
such, it can keep providers informed of a patient’s status, of other healthcare providers’
activity related to each patient, and of potential discrepancies among healthcare
providers’ broadly defined, patient driven goals, specifically defined objectives, and
individually focused tasks. This type of networked system could also extend beyond the
fixed walls of a hospital to incorporate pre-hospital, contingency operations, and theater
evacuations. For example, when a soldier is injured, a networked communication
system could immediately start relaying information to a Forward Surgical Team or
Combat Support Hospital to keep the receiving healthcare team apprised of the
patient's status so that they can adequately prepare. Handoff on arrival is then
facilitated. The enhanced communication afforded by this system will decrease
complications which will directly improve patient outcomes.

In addition to the improved communication among providers, this project explores the
potential to provide relevant information to support clinician decision making. The
potential exists for the use of artificial intelligence algorithms to display pertinent,
prioritized information to a specific healthcare provider to support their current task. As
more data becomes available to the Al system during patient care, the CCS will
continuously (in real time) improve its availability and priority of the information
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displayed. This type of decision support should aid care providers from novice to
experienced clinician by expanding support for decision making. Through decision
support, patients might receive more accurate and timely diagnoses, more timely and
appropriate testing, and best evidence-based care. The time lag from “bench-to-
bedside” evidence-based interventions can be markedly reduced. Through better
communication among the healthcare team and by dramatically enhancing the
availability of salient information necessary to make decisions, we expect the CCS to
reduce complications and costs and to improve overall patient outcomes.

The goals of this project include:

= PHASE 1: Describe patient progress through intensive care to create a shared
mental model for clinicians of all specialties;

= PHASE 1: Provide a thorough account of the clinician cognitive work (i.e., work flow
and decision requirements) for clinical work in the ICU, including accountability of all
pertinent recorded and non-recorded data;

= PHASE 1: Present design requirements for the information, the underlying cognitive
networking rules, and the display format of an IT-based cognitive aid for healthcare
delivery (the Cooperative Communication System);

= PHASE 1: Derive quantitative evaluation criteria for comparative evaluation of
clinical support tools;

= PHASE 2: Present a prototype CCS design for testing and implementation in the
USAISR Burn ICU;

» PHASE 3: Develop a test bed based on the clinical environment for Test and
Evaluation of the CCS and other clinical support tools.

Phase 1 tasks developed a valid understanding of the Burn ICU work domain, and
individual and group cognitive work:

= Task 1.1: Initial Observation of the Burn ICU. Through observation and informal
interviews, ARA will identify care activities, workload requirements, decisions in
patient care, and the cognitive artifacts clinicians use and create a structured
interview guide that will drive the remaining work of this phase.

= Task 1.2: CTA Structured Interviews and Observation. ARA will conduct CTA based
on the observations from Task 1 and the interview guide. The structured interviews
with clinicians will identify the processes, tools and cognitive artifacts, and data they
use during their patient care activities.

= Task 1.3: Integrated Data Analysis and Model Development. ARA will analyze the
data gathered in Tasks 1 and 2 and build valid representations of the cognitive work.

= Task 1.4: Decision Model and Design Requirements. ARA will develop specific
decision requirements that are necessary for care management in the ICU.

Phase 2 tasks use Phase 1’s research to develop design requirements for the IT-based
cognitive aid, evaluation criteria, and a functional prototype of the CCS design:

= Task 2.1: Scoping and Planning. The ARA and the USAISR will translate the Phase
1 findings into detailed software requirements.
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= Task 2.2: Analysis. The ARA and the USAISR will analyze software requirements
and write preliminary designs focused on the user interfaces and main architectural
features.

= Task 2.3: Design Phase. The ARA, the USAISR, and the SSCI will develop the
software designs including specific coding and communication details.

= Task 2.4: Implementation, Integration and Testing. ARA. the USAISR, and SSCI will
perform routine regression testing throughout the software coding effort. The
culmination of these tasks is a user acceptance test of the application.

Should funding be made available for Year 3, the project team will perform a thorough
evaluation of a series of prototype versions with clinicians at the USAISR.

= Task 3.2: Evaluation Testing. ARA use outcome-oriented evaluation to assess the
prototype CCS concepts.

2. Accomplishments

For the past year, the ARA, the USAISR, and the SSCI project staff members have
worked to refine Phase 1 results, including the design requirements, and to develop the
CCS prototype.

During Phase 2 of the project, we completed data collection with one week-long site
visit to the Burn ICU followed by intensive two-day analysis sessions. We performed this
site visit to complete Task 1.1 and Task 1.2 and to validate the study results, the
cognitive model assumptions, and to verify design requirements (Task 1.3 and Task
1.4). Analysis sessions were devoted to data review and assessment, and the
development of both decision requirements and representations of individual and team
cognitive work performed in the USAISR Burn ICU (Task 1.3 and Task 1.4). In addition
to analysis sessions, the team conducted two design workshop sessions, where we
translated findings into design requirements (Task 2.1) including detailed use cases. We
translated initial design ideas that were developed during the design sessions into
information design prototypes, then validated these with clinicians during a final site visit
(Task 2.2). The modular prototype that ARA and our subcontractor SSCI are developing
is based on results of all preceding tasks. We plan to test the first prototype with
clinicians in December 2014 (Task 2.3).

a. Data Collection

The team performed all on-site observations and interviews, and removed all patient
personal health information (PHI) and personally identifiable information (PII), in
accordance with the IRB-prescribed procedures.

ARA researchers collected data at the USAISR during the week of November 18-22.
The research team included three members from Cognitive Solutions Division,
supported by a member of ARA’s San Antonio Office. During the trip, the research team
conducted 10 interviews with members of the USAISR Burn ICU clinical and support
staff that lasted an average of 20 to 30 minutes. The visit gave the research team the
opportunity to fill gaps that had been identified during data analysis sessions. Gaps
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included identifying key areas of information exchange between Burn ICU staff, such as
patient trips to the OR, shift changes, and patient transitions into and out of the unit.
Each made a more focused observation possible to better understand the exchange.
The research team also collected more data from residents and medical students on
their roles and needs. ARA researchers verified findings from the analysis and data
synthesis, as well as beginning system requirements, with key Burn ICU staff members.

ARA team members also circulated through the BICU to observe clinical activities and
occasionally ask informal questions of those who had consented to participate in the
study. To verify face validity, the research team also reviewed requirements tables from
the November data analysis meetings with a range of clinical roles (e.g., RN, LVN,
Occupational and Physical Therapists, and Physical Therapist Assistant, Respiratory
Therapist, and Intensivist). A report for this visit is in Appendix A.

The on-site research nurse has continued to assist the research team with data
collection. She helped satisfy IRB human-subject research requirements and, as of
November 22, 2013, had obtained the consent of 151 Burn ICU staff members. She has
established a rapport with Burn ICU staff and key personnel in the ISR. She has also
answered numerous questions the research team has had about the Burn ICU,
including Burn ICU layout, staffing requirements, staff communication, workflow, staff
duties, and standard procedures.

b. Data Analysis

During the reporting period, the ARA team also conducted a series of intensive 1-2-day
data analysis sessions on August 27-29, November 5-7, and December 16. Elaborating
on the first year analyses, ARA researchers initially met to walk through initial themes to
be further explored in the data. Data analysis meetings developed both initial
descriptions of barriers the staff encounter and cognitive work they perform. Both are
themes that appear across the majority of data the team has collected.

After the two-day session in August, a few of the team members met several times to
further refine and define the themes that would be used to categorize the data. Upon
agreement researchers then analyzed all of the interview and observation notes and
categorized the data according to the agreed-upon cognitive themes and barriers that
Burn ICU personnel experience. The notes included in each of these categories were
then individually reviewed and synthesized for further themes in the data.

The team sorted summary statements according to the different themes in order to
describe barriers, information requirements, and technology requirements. These were
the beginning of the design requirements that were subsequently confirmed and
expanded upon by Burn ICU personnel. These findings were developed into the Data
Requirements Table is included in Appendix B. We refined the diagram (see Appendix
C) that shows the information sources available to Burn ICU personnel, including who
has access to the source, and what type of source it is (e.g., paper, electronic,
combined paper/electronic, and communications). We also expanded the working
relationships diagram to better define essential roles to include in the interface
information views.
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During the November data analysis session, the research team created a plan for the
November data collection visit by identifying gaps that needed to be filled. The team
also planned to verify findings from the analysis and the initial system requirements with
key Burn ICU personnel.

The December analysis session was used to refine the design requirements following
the November data collection visit. This resulted in the final design requirements as well
as a complete description of barriers to patient care.

The team delivered the final report for Phase 1 in February 2014.
c. Evaluation Measures

Building on the design requirements, the team developed measures to assess CCS
interface usability, how well the system meets the design requirements, how well the
system supports cognitive work. The research team has assembled an initial set of
metrics (see Appendix D) that will be used to evaluate CCS prototype usability.
Subsequent measures now in development will be used to assess system
requirements, cognitive work support, and clinical outcomes. Evaluation planned for
Year 3 will seek to learn how it might affect specific clinical outcomes. We will continue
to refine these measures while we develop the CCS prototype.

d. Use Cases

The team developed detailed use cases (see Appendix E) to illustrate how the design
requirements supported the Burn ICU workflow. The use cases then served as the basis
for machine learning use cases that subcontractor SSCI developed. ARA worked with
the ISR and subcontractor SSCI, to develop a set of functional requirements and use
cases (Appendix E) to apply machine learning capabilities within CCS. We identified
three functional requirements for machine learning to meet: 1) ldentification of clinician
records for similar patients, 2) Prediction of future patient record state, and 3)
Identification of significant patient and clinician records.

e. Information Design Prototypes

The ARA research team, ARA development team (Josh Blomberg), and SSCI (Rob
Smith) met for a two-day data analysis and design session on December 16-18, 2013 in
ARA’s Fairborn, OH office. The USAISR development team and Co-PI, Dr. Pamplin,
participated by phone and FaceTime. During this session, the team refined and revised
the design requirements based on feedback that was collected during the USAISR visit.
The second day was dedicated to a design workshop session in which the group
brainstormed design ideas that would facilitate timely, effective, and efficient patient
care. During the session, team members jotted down ideas and shared using Post-It
notes. The group then divided into smaller teams that designed rough representations
of interfaces, then presented them to the larger group. The session provided the
interface designer with beginning interface concepts to further develop and refine. The
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research team also updated and refined the use cases that the software development
team would need.

The ARA team also held a similar design session at the USAISR on February 7, 2014 to
capture clinician insights. Two members of the ARA research team conducted a design
workshop including a discussion of the use cases followed by brainstorming activities
and design workshops. We asked session participants to answer questions such as
“‘What could a patient view look like?” To respond to the questions, the group divided
into smaller teams according to clinical roles. Developers divided themselves among the
different teams. Each created rough sketches of a display that made sense to them,
then explained their concept to the larger group and discussed their reasoning with all
participants.

The two design sessions (researchers and developers at ARA in Fairborn and the
clinicians at the USAISR) generated nearly the same amount of brainstorming data and
paper prototypes. This illustrates the power of the team’s methodology and its ability to
capture and make sense of complicated and complex domains. Based on these
sessions, the ARA team then developed several versions of the interface design,
resulting in an information design prototype based on Year 1 findings and requirements.

Three members of the ARA research team, supported by one San Antonio office staff
member, visited the USAISR in San Antonio March 23-28, 2014 for a design review and
validation of the candidate displays by those who would use them. The research team
identified gaps in the interface content and identified improvements that could be
completed before programming began. The team also verified the key systems
requirements with selected members of the Burn ICU staff. Using this information the
display concepts were further refined to create the information design prototypes that
are included in Appendix F.

f. Software Prototype

Josh Blomberg, of ARA, and Jeff Morrison, of SSCI, met with the Task Area Manager,
Jose Salinas, at the USAISR on 10 October to plan CCS software development. The
discussion included USAISR software development requirements (including SOPs), and
requirements for Information Assurance (IA) and medical device determination. Their
discussion addressed an issue that has posed a major hurdle for the project: access to
relevant medical databases during development. To gain access to actual patient data
we would have to create an isolated development environment at the USAISR that is
not connected to either the medical record or to the greater military network. Historical
views of in-patient data could then be placed into this isolated network making it
possible for the CCS system to be developed and tested using actual, although limited
to only Essentris in-patient electronic health record data.

Over the past year, the ARA team and members of the USAISR staff have spent
significant time and effort to gain access to relevant medical databases by pursuing
both internal and external options. Among those initiatives, we found Phillips elCU
patient data closest to CCS needs. After entering into a non-disclosure agreement with
Phillips, Josh Blomberg of ARA obtained and loaded the test Phillips database, then
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analyzed the data set and determined that it would easily map to the relational database
used in CCS.

On September 5th, USAISR Information Management Division (IMD) staff gave
USAISR software engineers access to the isolated development environment. As we
complete this report, we are waiting for necessary electronic medical record data to be
loaded into this environment and begin to add necessary software programs to it.

As we explored these data access options, we continued to advance the prototype
development process, as described below.

i.  Architecture

ARA developed a system architecture that describes how to integrate the CCS user
interface, machine learning, electronic medical record databases, and data warehouse
components. We are pursuing a modular system architecture connected to notional
medical databases. During the past year, we also discussed software architectures that
are approved for use within the ISR environment, and determined that ARA’s proposed
web-based architecture satisfies initial system requirements and has a defined pathway
to gain approval for use on DHA networks.

ARA has an initial environment for software development and integration, and
established a repository for version control. Accounts have been created for ARA and
SSCI personnel. ARA began prototyping a web-based user interface for CCS based
upon the information design prototypes. ARA also began to create the architecture for a
CCS web site and for integration of SSCI's component technologies. The architecture is
based on ASP.NET web services and uses a Microsoft SQL Server database.

SSCI has also established a local repository of their software components and libraries
that are intended to be used in CCS. These include the PaRSA, POINT, and CrossCat
programs. CrossCat was developed as a part of DARPA’s XDATA program to find
relationship between columns of database content, and the MedMAPP system,
developed for the NIH as a way to track medically-relevant trends in social media.

ii. User Interface

The CCS user interface will maintain a real-time view of the electronic health record and
incorporate results from machine learning as they are made available via a relational
database. To that end, ARA developed a customizable widget-based web framework for
use in CCS. Users will be presented with a default CCS user interface view that can be
customized. Our approach allows users to configure which data elements appear on
their display. Developers will be able to note customization choices that users make.

Development and research teams reviewed and improved versions of the software
prototype and reviewed it with selected USAISR prospective users for their feedback.
The development team was given access to the records of two deceased patients in
August, as part of a IRB sanctioned non-human subjects research protocol. The team is
now connecting components of the interface to these patient data. Future versions of
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the CCS prototype may also mine data on how clinicians customize the interface to
detect possible relationships between display customizations and patient outcomes.

iii.  Machine Learning

SSCI is responsible for the development of the machine learning features of CCS.
These will periodically poll the electronic health records to populate a data warehouse.
Their analytic software will review those data to extract patterns based on user queries.
The results will be transferred to the CCS database and used to invite clinician attention
to patterns that might otherwise remain unnoticed.

During this year, SSCI developed a draft application programming interface (API) for the
data analytics module that will be delivered during development and testing of the final
CCS prototype. In June, SSCI demonstrated their data analytics engine based on
SSCI's implementation of a scalable Bayesian inference technology known as
CrossCat. The engine can be hooked to generic databases, as well as during notional
testing to show how the engine can handle mock medical data. The engine runs
asynchronously in the background using existing patient data. At the same time, it can
also deliver the specific items noted below in real time, based on the engine’s current
best model learned from the existing data.

Our inability to obtain access to patient data has so far prevented SSCI from developing
a machine learning capability that is customized to USAISR data. Instead, SSCI has
developed a generic engine that can be quickly adapted to: a) whatever data sets
eventually emerge, b) a wide variety of required prediction and analysis tasks, as the
requirements in the rest of the project team clarify, and c) the scale of the datasets with
which we may have to handle. The background engine’s built-in ability to be distributed
across multiple computers should enable CCS to manage large datasets.

Only very limited Essentris data has been made available for development at the time of
this report. To mitigate this challenge, SSCI has developed a technique to expand the
volume of available data if Essentris data access remains limited. This technique is to
create synthetic seeded patient condition data, by using the CrossCat search engine.
By inferring the statistics of relevant data fields using relevant samples of data, we can
use the engine to generate synthetic data with known and relevant statistical properties.
After this, confirmation of the system’s correct operation later in referencing real patient
data is straightforward.

As the CCS project proceeds, we expect adaptation of SSCI's machine learning
approach should be a matter of supervised learning: asking the search engine the right
guestions, and providing it with the right data. These adaptations will not require
significant development within the engine itself. After the initial check-in and
demonstration of the prototype, we expect to spend the remainder of this project year
completing adaptations and refinements according to the development milestones
(Appendix G). While some tasks have been completed, others have been re-planned
based on coping with data availability issues.
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3. Deliverables Status

The deliverables to date include:

1. Approved Human Subject Protocol: Final approval completed 27 February 2013,

Amended protocol approved April 30, 2013
2. Visit Reports (x4):

a. First site visit March 4-8, 2013

b. Second site visit May 20-24, 2013

c. Third site visit July 22-25, 2013

d. Fourth site visit November 18-22, 2013
Initial Software User Interfaces: January 2014
Burn ICU Cognitive Model: February 2014
Phase 1 Final Report: February 2014
Finalized User Interfaces: April 2014
Initial Burn ICU Metrics: September 2014

Nookow

Pending deliverables include:

8. Controlled test environment: Started, delivery October 2014

9. Firstiteration of working Prototype: Started, delivery December 2014
10.Interim user evaluation of prototype: expected December 2014
11.Final Report Phase 2: expected February 2015

Provision and delivery will depend on the no-cost extension and Year 3 funding:

12.Second iteration of prototype: expected March 2015

13.Second interim user evaluation of prototype: expected April 2015
14.Third iteration of prototype: expected June 2015

15.Third iteration of prototype: expected July 2015

16.Finalized CCS program: expected August 2015

The following activities are planned for September-December 2014:

Complete an initial CCS prototype (Task 2.4)

Finalize assessment metrics and conduct evaluation testing (Task 3.2)
Develop and verify initial notions of scenarios (Task 3.1 & Task 3.3)
Conduct usability assessment of prototype (Task 3.4)

oo op

4. Administrative

Applied Research Associates, Inc. (ARA) has been under Contract W81XWH-12-C-
0126 to the U.S. Army Medical Research & Material Command’s (USAMRMC)
Telemedicine & Advanced Technology Research Center (TATRC) for two years. CCS
prototype progress has been delayed due to unforeseen challenges in obtaining access
to patient data and the databases required for Phase 2 development work. Based on
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this delay, we requested and obtained a no-cost extension to allow for the prototype to
be developed and connected to a database with actual de-identified patient data.

5. Equipment and Supplies

During the year, the team acquired a software development package with standardized
graphics to aid the computer programing team.

6. Reportable Outcomes

During the reporting period, the research team has produced the following professional
publications, and presentations that are included in Appendices H through L.

Book Chapter
Nemeth, C., Anders, S., Brown, J., Grome, A., Crandall, B., & Pamplin, J. (in press).
Support for ICU clinician cognitive work through CSE. In A. Bisantz, C. Burns &
T. Fairbanks (Eds.), Cognitive engineering applications in health care. Boca
Raton, FL: Taylor and Francis/CRC Press. (editor proof provided)

Proceedings
Nemeth, C., Anders, S., Grome, A., Crandall, B., Dominguez, C., Pamplin, J., Mann-
Salinas, E. & Serio-Melvin, M. (2014, October). Support for ICU resilience: Using
Cognitive Systems Engineering to build adaptive capacity. Proceedings of the
Systems Man and Cybernetics Society 2014 International Symposium, San
Diego. (oral presentation)

Presentations

Nemeth, C., Anders, S., Brown, J., Crandall, B., Grome, A., Chung, K., Mann-Salinas,
E., & Pamplin, J. (2014, January). Discovery of Burn ICU critical care
complexities and the implications for Health IT Design. Poster presented at the
Society of Critical Care Medicine, San Francisco. (poster presentation)

Pamplin, J., Anders, S., Brown, J., Crandall, B., Grome, A., Chung, K., Mann-Salinas,
E. & Nemeth, C. (2014, January). Use of Cognitive Systems Engineering to
reveal burn ICU decision-making and information sources to aid health
information technology design in the Burn ICU. Symposium conducted at the
Society of Critical Care Medicine, San Francisco. (oral presentation)

Nemeth, C., & Pamplin, J. (2014, August). Developing a cognitive and
communications tool for Burn ICU clinicians. Symposium conducted at the
Military Health System Research Symposium, Ft. Lauderdale, FL. (oral
presentation)

7. Conclusions
Cognitive Systems Engineering (CSE) group’s study of work and information flow
through this DOD critical care facility in Year 1 produced a descriptive model of patient

progress through the ICU, including clinician decision requirements. The resulting
description of the work domain, information sources, and clinician work practice yielded
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39 requirements for the CCS prototype that are now being developed in Phase 2, and
criteria that will be used to evaluate the prototype in Phase 3.

During Phase 2, we have developed user-oriented use cases and information design
prototypes based on Phase 1 findings. We have developed a programming prototype
that translates the information design’s organization and information into an interactive
interface. Our subcontractor has also begun to develop approaches to machine learning
that will survey patient data to detect patterns and trends that are clinically relevant. We
are developing criteria to evaluate the programming prototype at the USAISR, which is
scheduled for early December.

The main challenge during this phase has been difficulty gaining access to patient data.
We have been informed a development environment will be available for us to use in
October 2014. We have requested and obtained a no-cost extension through mid-
December 2014, and are still awaiting Year 3 funding.

As the study continues, the research team plans to:

= Finish prototype development, including the ability to mine data for relevant
information.

= Test and validate the prototype in concert with other IT solutions currently in use.
Assessment criteria based Year 1 research will be used to evaluate prototypes.

= Seek avenues to test and validate in an actual clinical setting.

The system it produces is expected to improve communication, information flow, and
workflow among and across clinical providers and support staff.
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9. Appendices

Appendix A. AISR Trip Report — November 2013
23 November 2013

From: Christopher Nemeth, PhD
To: Betty Levine, TATRC
Cc: LtCol Elizabeth Mann-Salinas, US Army Institute for Surgical Research

Subj: Trip Report: AISR Data Collection 17-22 Nov 2013

1. Executive Summary. Applied Research Associates, Inc. (ARA) is under Contract
W81XWH-12-C-0126 to the U.S. Army Medical Research & Material Command’s
(USAMRMC) Telemedicine & Advanced Technology Research Center (TATRC). The
Cooperative Communication System is intended to be part of a joint cognitive system
that allows the healthcare team to remain connected to an individual patient and to each
other across time and space as the team delivers patient care. In addition to the
improved communication between providers, this project explores the potential to
provide relevant information to support clinician decision making. Data collection visits
during Year One provides the descriptive model and decision requirements for Year
Two prototype development.

2. Staff. Three members of the Applied Research Associates research team made this
trip to San Antonio: Shilo Anders, PhD, Anna Grome, and Christopher Nemeth, PhD.
Dianne Hancock from the ARA San Antonio office supported the visit.

3. Activities. All information was collected in accordance with IRB-prescribed
procedures to remove patient personal health information.

a. Interview. To learn answers to questions developed in November data analysis
sessions, conducted 10 interviews lasting an average of 20 to 30 minutes each with
members of the AISR Burn ICU clinical staff in the following roles:

Intern

Burn OR Chief Nurse
Anesthesiologist
Bedside Nurse (3)
Respiratory Therapist
BICU Chief Nurse
Charge Nurse (2)

b. Observation. Team members circulated through the BICU to observe clinical

activities, and ask occasional informal questions of those who had consented to
participate in the study.
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c. Review. To verify face validity, Ms. Grome, Dr. Nemeth, and Dr. Anders reviewed
requirements tables from the November data analysis meetings with a range of roles:
Bedside Nurse (RN, LVN), Occupational and Physical Therapist and Physical Therapist
Assistant, Respiratory Therapist, and Intensivist.

d. Task Area Manager Meetings.

= Dr. Nemeth and Ms. Grome met on November 17 with LtCol Pamplin to discuss
Phase 1.

= Dr. Nemeth and Dr Anders met on November 22 with Task Area Manager Dr.
Salinas, LtCol Pamplin, and Ms. Mario-Selvin to discuss Phase 2.

4. Results. The research team developed a number of work in-progress items to begin

concept development, support data analysis, and prepare for the next data collection

visit.

a. Interview notes. In-depth notes accounting for data that were collected according to
the November data analysis session notes

b. Observation notes. Notes team members made during observations and brief
discussions with members of the BICU clinical staff.

c. Annotated requirements tables.
d. Diagrams. Scale drawing of the BICU and OR spaces floor plan.

e. Annotated draft of book chapter accepted for upcoming CRC Press text The
Handbook of Cognitive Engineering in Healthcare.

5. Further work. Next steps for the project will be to:
a. Review results from this data collection visit.
b. Translate field drawing into finished illustration.

c. Revise requirements tables

6. For further information, contact Dr. Nemeth at 937-825-0707, or cnemeth@ara.com.
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Based on the synthesis and integration of findings, the team developed an initial set of system requirements for CCS
using the following questions:

= What is the barrier or challenge the clinical team faces?

»  What does the clinical team need/require to overcome that challenge?
=  What system or display features could help address that challenge?
= What is the anticipated impact of meeting that requirement on team coordination, efficiency, and patient care?

This Appendix contains the full set of initial requirements, the problems they are intended to address, the system features
suggested by requirements, and initial ideas about how system features might affect patient care, efficiency and length of

stay.

Problem/Barrier

Needs/Requirements

System Feature Concepts

Anticipated Impacts

No effective means
to synchronize and
adapt different
aspects of patient
care over the
course of a shift
(e.g., among RN,
OT/PT, wound
care)

Lack of awareness
around activities/
events that are
tightly coupled

No efficient
communication of
patient status

Need to determine optimal
timing and sequence of
activities

Need awareness of
planned/scheduled patient
care activities (e.g., wound
care, rehab, line changes,
etc.)

Means to share the plan
Means to adapt the plan in
real time and share
changes across the team.
Bedside Nurse needs to
shift the goals and priorities
