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1. Introduction and Project Overview

The U.S. Department of Defense (DoD) 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.

Burn Intensive Care Unit (BICU) 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 the BICU 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 (from displays to diagrams and
more) as part of this joint cognitive system to serve as a map for the ever-changing environment of work that must
be successfully navigated.

The Cooperative Communication System (CCS) is a Health Information Technology tool designed to interface with
a hospital’s electronic medical record and information network to present relevant clinical data to caregivers. As we
envision it, the 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 (FST) or Combat Support Hospital (CSH) to keep the receiving healthcare team apprised of the
patient’s status so that they can better prepare for patient arrival, handoff, and treatment. 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 explored the potential to provide relevant
information to support clinician decision making. The potential exists for the use of Machine Learning (ML)
algorithms to display pertinent, prioritized information to a specific healthcare provider to support their cognitive
work. As more data become available to the ML system during patient care, the CCS will continuously (in real time)
improve the availability and accuracy of the information displayed. This type of decision support should aid care
providers from novice to experienced clinicians 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 of “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.

Based on the results presented in this report, it is our view that the CCS is ready to transition into advanced
development, complementing the recent selection of the MHS Genesis electronic medical record (EMR).

Co-PI LTC Pamplin provided the following Project Summary from the viewpoint of the United States Army Institute
of Surgical Research (USAISR)

The CCS featured an intense collaboration between system research and development professionals and
clinicians for the entire project. Co-Pl LTC Jeremy Pamplin, MD, provided the following perspective from
the point of view of our clinical collaborators:

Working with Applied Research Associates (ARA) as a collaborative partner on the CCS grant
had a profound impact on all members of our task area involved in this effort. Working with the
ARA team of experts in Cognitive Systems Engineering (CSE) afforded us the opportunity to
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conduct more effective health information technology research. The lessons learned and
experience gained developing the CCS testing protocols provided new insights for managing
current and future research projects within the Critical Care Systems Research Task area at the
USAISR.

The CSE approach to studying the BICU has successfully identified core features of an effective
clinical decision support tool that holds promise to improve patient care by improving
communication, coordination of clinical activities, and access to salient information. Some
features of the CCS that were identified through this basic science research of the BICU work
domain are similar to other visual display and decision support systems that have been developed
using less vigorous methodologies. Nevertheless this area of research is important because these
technologies have been demonstrated to improve patient safety by reducing medical errors, to
improve the efficiency of clinical data acquisition, and to improve resource utilization (Pickering,
2015).

It is important to note that there are key differences between previously developed clinical data
visualization systems and the CCS that are directly attributable to the CSE research methodology.
These additions include:

1. A modular information design that can update over time to account for the constant
evolution of medical science.

2. Anintegrated communications platform that is rule based and can be monitored.

3. The capability to use machine learning to identify meaningful patterns in user
information seeking behaviors.

a. Although still needing further development, this can improve the salient information
display for groups, and eventually individual clinicians over time.

b. This may lead to self-configuring information displays that are task oriented, role
based, and context sensitive.

4. The capability to use machine learning (following further development) to identify
meaningful differences in current versus anticipated patient condition and corresponding
treatment.

It was clear from the validation study that the clinicians preferred CCS to the standard EMR and
that the CCS (particularly the messaging feature) helped with many tasks. Data from the Phases
of Iliness Paradigm (POIP) study suggest that other CCS components (particularly checklists and
task lists) would be extremely useful when incorporated into this system.

In conclusion, the scientific evidence gained through the CCS research project has added
important information to the body of knowledge in this topic area that is not unique to the BICU,
but much which may be generalized to any ICU work domain. Until a system is developed that
can meet the needs of most critical care clinicians and marketed for use in hospitals throughout the
Unites States, it is our recommendation that funding continue in this area of research. With further
development, the CCS has tremendous potential in any ICU. It is distinct from other, novel
information displays and clinical decision support tools because the CCS is, at its core, a learning
system that will improve with time and use.

2. Executive Summary

Over the course of four years, ARA and USAISR developed the Cooperative Communication System (CCS) as an
ecologically valid decision and communications support information technology (IT) prototype with machine
learning abilities for a military BICU. In Year One, the research team used a mixed methods CSE approach to
develop a descriptive model of BICU cognitive work, which has served as the basis for system requirements. In
Year Two, the research team devised use cases and information designs that were iteratively developed in close
collaboration with the BICU clinicians to ensure realism and applicability to their real-world work domain. In Year
Three, we developed a software prototype. Its intuitive, tailorable interface assembles salient patient data according
to tabs organized by body system. Tab selection reveals detailed displays including tables and graphs. In the final
year, the ARA team completed the CCS software prototype, including the addition of the messaging feature, and

6



W81XWH-12-C-0126

discovered improvement opportunities during the November usability assessment. We refined the ML feature, and
conducted two evaluations to determine how well the CCS supported both individual decision making and team
decision making and communication. Both usability and validation assessments yielded results that supported our
original hypotheses: Information design based on a deep understanding of clinician cognitive work and work
processes would improve efficiency while maintaining accuracy. Our team has completed and delivered the software
prototype to the AISR. We have also developed and presented a plan to the Joint Program Committee (JPC-1) to
transition the CCS into advanced development.

3. Project Management

Since 2012, 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), then the Congressionally Mandated Medical Research Program (CDMRP). CCS prototype
progress was delayed due to unforeseen challenges in obtaining access to patient data and the databases required for
Phase 2 development work. Based on this delay, we requested and obtained a no-cost extension (NCE) to allow for
the prototype to be developed and connected to a database with de-identified, deceased patient data. In February
2016, the ARA team applied for a second NCE to accommodate a delay in the project schedule due to multiple
causes, including IRB regulations and their interpretation, USAISR staffing, and delays in schedule as the team
researched Federal Information Processing Standard (FIPS) and Defense Business Information Technology (DBIT)
compliance related to installing the CCS software in the USAISR development environment. Despite challenges
of obtaining access to patient data and the data bases in Phase 2, IRB approval, regulation compliance, and
compatibility with clinical demands during Phase 3, we are pleased to report successful completion of all tasks and
deliverables as planned. The complete set of tasks, deliverables and the project Gantt chart follow.

a. Project Tasks by Phase
TABLE 1. PROJECT TASKS BY PHASE

Task 1.1: Through observation and informal interviews, ARA identified care

Initial Observation of the Burn ICU activities, workload requirements, decisions in patient care, and the
cognitive artifacts clinicians use, and created a structured interview guide to
drive the work of this phase.

Task 1.2: ARA conducted Cognitive Task Analysis (CTA) based on the observations

CTA Structured Interviews and from Task 1 and the interview guide. The structured interviews with

Observation clinicians identified the processes, tools and cognitive artifacts, and data
they use during their patient care and unit management activities.

Task 1.3: ARA analyzed the data gathered in Tasks 1 and 2 and built valid

Integrated Data Analysis and Model representations of the BICU cognitive work, information sources and

Development clinical team members.

Task 1.4: ARA developed a descriptive model of BICU cognitive work, and decision

Decision Model and Design requirements that are necessary for care management in the BICU.

Requirements

Phase 2

Used 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: ARA and USAISR translated the Phase 1 findings into detailed software

Scoping and Planning requirements.

Task 2.2: The ARA and USAISR analyzed software requirements and developed

Analysis preliminary information designs of user interfaces and architecture.

Task 2.3: ARA and USAISR developed the software designs including coding and

Design Phase communication details.

Task 2.4: ARA and USAISR performed routine testing throughout the software

Implementation, Integration and coding effort.

Testing
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Phase 3

Used results from Phase 2 to complete and evaluate the CCS prototype.

Task 3.1: ARA and USAISR developed initial scenario drafts. We reviewed initial

Participatory Design concepts with AISR clinicians.

Task 3.2: ARA performed outcome-oriented evaluation, or User Assessment Study to

Evaluation Testing assess the CCS prototype concepts.

Task 3.4: ARA and USAISR developed two scenarios, and used them at AISR to

Usability Assessment determine how well the CCS supported individual decision making.

Task 3.3: ARA and USAISR developed two scenarios and used them in simulations

Validation Testing at AISR to determine how well CCS supported team decision making and
communication.

Task 3.5: ARA and USAISR identified the transition requirements and submitted a

CCS Clinical Implementation and draft transition plan for the completed prototype CCS.

Transition

b. List of CCS Deliverables

e Approved Human Use Protocol: Final approval completed February 27, 2013, Amended protocol approved
April 30, 2013
e Interview Guide: Developed January 2013, refined May 2013
e Visit Reports (4):
o  First site visit March 4-8, 2013
o Second site visit May 20-24, 2013
o Third site visit July 22-25, 2013
o Fourth site visit November 18-22, 2013
Initial Software User Interfaces: Delivered January 2014
Burn ICU Descriptive Model of Cognitive Work: Delivered February 2014
Phase 1 Final Report: Delivered February 2014
Validated User Interfaces with USAISR Users: March 23-28, 2014
Finalized User Interfaces for Prototype Development: Delivered April 2014
Annual Report: Delivered September, 2014
Working Prototype: Delivered January 2015
Usability assessment plan and criteria for November 2015, and January 2016 assessments
Burn ICU Metrics: Delivered as part of June 2016 Validation Assessment
Usability Assessment: Delivered November 2015
Validation Assessment: Delivered June 2016
Tested prototype: Delivered August 2016
Final Report: Delivered November 2016

In July 2016, the project team had to temporarily reduce work when we were informed that prior year funding had
expired the previous fall, resulting in a shortfall of $48,268. We worked closely with Mr. Lance Nowell (CDMRP

Contract Specialist) and Mr. Tony Story, our project COR, to get approval for a reallocation of those funds with an
NCE. On August 31, 2016, the NCE and funds change was approved which enabled the team to complete work.
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d. Reportable Outcomes and Recognition

The research team has produced the following professional publications and presentations. Those generated during
the final year (Oct 2015 — Aug 2016) of the project are included in a separate appendices file.

Book Chapter
Nemeth, C., Anders, S., Brown, J., Grome, A., Crandall, B. & Pamplin, J. (2015). 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. (Appendix A.)

Journal Papers
Nemeth, C., Anders, S., Strouse, R., Grome, A., Crandall, B., Pamplin, J., Salinas, J., Mann-Salinas, E. (2016).

Developing a Cognitive and Communications Tool for Burn Intensive Care Unit Clinicians. Military Medicine.
Society of Federal Health Officials (AMSUS). 181(5): 205-213. (Appendix B.)

Nemeth, C., Blomberg, J., Argenta, C., Serio-Melvin, M., Salinas, J. & Pamplin, J. (2016). Revealing ICU Cognitive
Work Using NDM Methods. Special Issue on Expanding Naturalistic Decision Making. Journal of Cognitive
Engineering and Decision Making. Human Factors and Ergonomics Society. (Appendix C.)

Nemeth, C., Serio-Melvin, M., Murray, S., Veinott, B., Hamilton, A., Fenrich, C., Rule, G., Laufersweiler, D., &
Pamplin, J. (2016). Improving Burn ICU Clinician Decision and Communication through IT Support. Critical Care
Medicine. (in draft). (Appendix D.)

Proceedings Papers

Nemeth, C., Hamilton, A., Laufersweiler, D., Serio-Melvin, M., Blomberg, J, Murray, S. & Pamplin, J. (20186,
October ). Evidence of Usability: Evaluation of Burn ICU Clinician Decision Support. Proceedings of the IEEE
Systems, Man and Cybernetics International Symposium. Budapest. (Appendix E.)

Nemeth, C., Pamplin, J., Blomberg, J., Argenta, C., Serio-Melvin, M. & Salinas, J. (2015, Septembeber). Support
for Salience: IT to assist burn ICU clinician decision making and communication. Proceedings of the Systems Man
and Cybernetics Society 2015 International Symposium. Institute of Electrical and Electronic Engineers. Hong
Kong. (Appendix F.)

Nemeth, C., Pamplin, J.C., Grome, A., Laufersweiler, D, Blomberg, J., Hamilton, A., Salinas, J. (2015, August).
Building Cognition through Burn Intensive Care Unit Decision and Communications Support. Military Healthcare
System Research Symposium. Ft. Lauderdale, FL.

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

Pamplin J, Anders S, Brown J, Crandall B, Grome A, Chung K, Mann-Salinas E, & Nemeth C. (2015, April) Use of
Cognitive Systems Engineering to Reveal Burn ICU Decision Making and Information Sources to Aide Health
Information Technology Design in the Burn ICU. Proceedings of the American Burn Association 45th Annual
Meeting. Palm Springs, CA.

Nemeth, C., Anders, S., Brown, J., Crandall, B., Grome, A., Mann-Salinas, E. & Pamplin, J. (2015, January).
Developing a Cooperative Communication System for Safe, Effective, and Efficient Patient Care. Society of Critical
Care Medicine. Phoenix, AZ.

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. Institute of Electrical and
Electronic Engineers. San Diego, CA.

Pamplin J, Anders S, Brown J, Crandall B, Grome A, Chung K, Mann-Salinas E, & Nemeth C. (2014, January)
Discovering Complexities in Critical Care and their challenge to Health IT in a Burn ICU. Proceedings of the
Society of Critical Care Medicine 43rd Annual Critical Care Congress. San Francisco, CA.
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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. Proceedings of the
Society of Critical Care Medicine 43rd Annual Critical Care Congress. San Francisco, CA.

Nemeth C, O’Connor M & Pamplin J. (2013, December). Seeking Salience: Improving the Electronic Healthcare
Record. Proceedings of the American Medical Informatics Symposium. Institute for Healthcare Improvement
Symposium. Orlando, FL.

Abstracts

Pamplin, J., Serio-Melvin, M., Murray, S., Veazey, S., Fenrich, C., Salinas, J., Rule, G., Nemeth, C. (2017 January).
Evaluation Results for a Burn ICU Clinician Decision and Communications Support System. 46" Critical Care
Medicine Congress. Honolulu. HI. (In review) (Appendix G.)

Serio-Melvin, M., Murray, S., Veazey, S., Fenrich, C., Salinas, J., Rule, G., Nemeth, C., Pamplin, J. (2017 January).
High Fidelity Simulation in a Clinical Care Unit is Feasible and Safe. 46" Critical Care Medicine Congress.
Honolulu, HI. (In review) (Appendix H.)

Serio-Melvin, M., Murray, S., Veazey, S., Fenrich, C., Salinas, J., Rule, G., Nemeth, C., Pamplin, J. (2017 January).
Getting the Message: Health IT Can Improve Team Communication. 46™ Critical Care Medicine Congress.
Honolulu, HI. (In review) (Appendix I.)

Nemeth, C., Supporting Salience: Valid IT Improves Burn ICU Decision Making, Human Systems Division 2017
National Conference, National Defense Industry Association, Sterling, VA. (In review) (Appendix J.)

Serio-Melvin, M., Murray, S., Veazey, S., Fenrich, C., Salinas, J., Rule, G., Nemeth, C., Pamplin, J. (2016
November). High Fidelity Simulation in a Clinical Care Unit is Feasible and Safe. Southern Region Burn
Conference. Atlanta. (Accepted) (Appendix K .)

Serio-Melvin, M., Murray, S., Veazey, S., Fenrich, C., Salinas, J., Rule, G., Nemeth, C., Pamplin, J. (2016
November). Getting the Message: Health IT Can Improve Team Communication. Southern Region Burn
Conference., Atlanta. (Accepted) (Appendix 1.)

Nemeth, C., Laufersweiler, D., Argenta, C., Blomberg, J., Hamilton, T., Serio-Melvin, M., Murray, S., Fenrich, C.,
Salinas, J. & Pamplin, J. (2016, August). Evidence of Decision and Communications Support for Burn ICU
Clinicians. Military Healthcare System Research Symposium. Orlando. (Appendix P.)

Nemeth, C., Pamplin, J., Blomberg, J, Argenta, C., Serio-Melvin, M. & Salinas, J. (2015, November) Valid Point of
Care IT for Improved Decision Making Precision. NIH-IEEE Strategic Conference on Point of Care Technologies
for Precision Medicine. Bethesda. (Appendix W.)

Presentations

Serio-Melvin, M., Murray, S., Veazey, S., Fenrich, C., Salinas, J., Rule, G., Nemeth, C., Pamplin, J. (2016, Nov).
High Fidelity Simulation in a Clinical Care Unit is Feasible and Safe. Southern Region Burn Conference. Atlanta.
(oral presentation) (Appendix H.)

Serio-Melvin, M., Murray, S., Veazey, S., Fenrich, C., Salinas, J., Rule, G., Nemeth, C., Pamplin, J. (2016, Nov).
Getting the Message: Health IT Can Improve Team Communication. Southern Region Burn Conference., Atlanta.
(oral presentation) (Appendix 1.)

Nemeth, C. (2016, Oct). Support for ICU Resilience: A Cognitive Systems Approach (CSE) Approach to Build
Adaptive Capacity. Resilience Healthcare Learning Network Teleconference. (oral presentation) (Appendix O.)

Nemeth, C.(2016, Oct). Support for ICU Resilience: A Cognitive Systems Approach (CSE) Approach to Build
Adaptive Capacity. Resilience Healthcare Learning Network Teleconference. IEEE SMC International Symposium.
Budapest, (oral presentation) (Appendix O.)

Nemeth, C. Pamplin, J., Rule, G., Serio-Melvin, M., Murray, S. (2016,Aug). Evidence of Decision and
Communications Support for Burn ICU Clinicians. Military Health System Research Symposium. Orlando. (poster
presentation) (Appendix P.)
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Nemeth, C. (2016, Jan). Army Institute of Surgical Research Scientific Symposium. Brook Army Medical Center.
Joint Base Sam Houston, 6 Jan 2016. (Invited speaker: oral presentation) (Appendix Q.)

Nemeth, C. (Apr, 2016). Evidence of Salience: Burn ICU IT Evaluation Results. HFES Healthcare Symposium.
Human Factors and Ergonomics Society. 14 Apr, 2016. San Diego. (oral presentation) (Appendix R.)

Nemeth, C. (2015, Dec). Adapting to Change and Uncertainty. Pediatric Cardiac Intensive Care Society National
Conference. Houston. (Invited speaker: oral presentation) (Appendix S.)

Nemeth, C. (2015, Dec). Building Resilience. Texas Children’s Hospital. Houston. (Invited speaker: oral
presentation) (Appendix T.)

Nemeth, C., Pamplin, J., Rule, G., (2015, Dec). A Cooperative Communication System for the Advancement of Safe
Effective, and Efficient Patient Care,. JPC-1 Interim Program Review. Ft. Detrick, MD. (oral presentation)
(Appendix U.)

Rule, G., Nemeth C., Pamplin, J. (2015, Dec). A Cooperative Communication System (CCS) Defense Innovation
Summit, Austin, TX. December 2015. (poster presentation) (Appendix V.)

Nemeth, C., Pamplin, J., Blomberg, J, Argenta, C., Serio-Melvin, M. & Salinas, J. (2015, Nov). Valid Point of Care
IT for Improved Decision Making Precision. NIH-IEEE Strategic Conference on Point of Care Technologies for
Precision Medicine. Bethesda. (oral presentation) (Appendix W)

Nemeth, C. (2015, Oct). Support for Salience: IT to Assist Burn ICU Clinician Decision Making & Communication.
IEEE Systems Man and Cybernetics International Symposium. Hong Kong. (oral presentation) (Appendix X.)

Nemeth, C. & Pamplin, J. (2014, Aug). Developing a Cognitive and Communications Tool for Burn ICU Clinicians.
Military Health System Research Symposium. Ft. Lauderdale, FL. (oral presentation)

Nemeth, C. (2015, Jul). Realizing the Human Dimension Research Challenge Potential. Sandia National
Laboratories. Albuguerque. (Invited presenter: oral presentation)

Nemeth, C. (2015, May). The Role of CSE in Individual and Team ICU Decision Making. DoD Human Factors and
Engineering Technical Activities Group (HFE TAG). Orlando. (Invited presenter: oral presentation)

Nemeth, C., Pamplin, J., Anders, S., Grome, A., Strouse, R., Crandall, C., Salinas, J. & Mann-Salinas, E. (2015,
Apr). Developing a Cognitive and Communications Tool for Burn ICU Clinicians. Human Factors and Ergonomics
in Healthcare Annual Conference. Human Factors and Ergonomics Society. Baltimore. (poster presentation)

Nemeth, C. (2015, Apr). Revealing Interdependencies: How Cognitive Systems Engineering Can Improve
Resilience. The 2015 International Symposium on Computational Psychophysiology, Jinan, Shandong Province,
People’s Republic of China. (2015 April). (Invited presenter: oral presentation)

Nemeth, C. (2015, Apr). The Human Factor in Engineered Systems. Faculty of Science and Technology, University
of Macau. Macau, SAR, China. (Invited presenter: oral presentation)

Nemeth, C., (2015, Jan). Foundations of an ICU Decision Support and Collaboration System. 2015 International
Conference of the Society for Critical Care Medicine. Phoenix, AZ. (poster presentation)

Nemeth, C., Anders, S., Brown, J., Crandall, B., Grome, A., Chung, K., Mann-Salinas, E. & Pamplin, J. (2014,
Jan). Discovery of Burn ICU Critical Care Complexities and their Implications for Health IT Design. Society of
Critical Care Medicine. San Francisco, CA. (poster presentation)

Pamplin, J., Anders, S., Brown, J., Crandall, B., Grome, A., Chung, K., Mann-Salinas, E. & Nemeth, C. (2014,
Jan). Use of Cognitive Systems Engineering to Reveal Burn ICU Decision-Making and Information Sources to Aid
Health Information Technology Design in the Burn ICU. Society of Critical Care Medicine. San Francisco, CA.
(oral presentation).

Nemeth, C, (2013, Aug). Foundations of an ICU Decision Support and Collaboration System. Military Healthcare
Research Symposium. Ft. Lauderdale, FL. (oral presentation).

Recognition
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Dr. Nemeth entered the CCS project in a program sponsored by the international Resilient Health Care Network
(RHCN), a professional organization for health safety system researchers. The RHCN selected three research
projects for recognition in terms of their contribution to health system resilience. While reviewer comments

indicated that the CCS entry was highly competitive, it was not among the final three. The two-page CCS
submission is in Appendix Z.
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4, Related Literature

This section provides an overview from our review of 70+ articles from the professional literature on clinical
decision making and related cognitive processes (e.g., problem solving, situation awareness). We paid particular
attention to approaches to methodology and practical aspects of making and measuring results of decisions. We
retrieved articles from:

e an archive of health care research,

e acompilation of literature from earlier in the project,

e additional web searches with terms such as “clinical decision making, physician decision making, team
decision making in health care.”

After reviewing all 70 articles, we chose to summarize a set of 15 that focused on clinical decision making, problem
solving, diagnostic reasoning, acute care (based in an ICU or hospital), and individual or team practitioners. A
subset of these studies focused on healthcare IT. We excluded studies (including studies of clinical decision
making) that focused very narrowly on a specific disease (e.g., schizophrenia) conducted in primary care settings,
on decision making by patients or by physician-patient dyads, or on end of life decisions and ethics.

Ahmed et al. (2011) contend that the configuration of the standard ICU user interface contributed significantly to
task load, time to task completion, and the number of cognitive errors associated with identification and use of
relevant patient data.

Crosskerry (2002) considers that heuristics and biases account for errors in decision-making, so that improvement in
quality of care and patient safety is directly linked to de-biasing efforts. He also notes that errors are most likely to
occur under conditions of uncertainty, particular in early stages of the decision process.

Elstein & Schwartz (2002) concluded that problem solving and decision making are distinct paradigms for
conducting research on clinical reasoning, with distinctly different assumptions and methods. The authors suggest
that both approaches have focused more on the mistakes clinicians makes than on what they get right. Nonetheless,
the authors contend that the prevalence of these errors has not been established, and that expert clinical reasoning is
very likely to be right in the majority of cases.

Falzer et al. (2008) note that naturalistic decision models appear to have great applicability to medical decision
making. These approaches emphasize the importance of situational understanding to determining courses of action.

Friedman et al. (1999) note the diagnostic hypothesis formation is only one aspect of the clinical process, and that
DSS [decision support systems] may be more useful in other ways, such as suggesting tests and other aspects of
patient evaluation. The authors emphasize the importance of considering both the clinical user’s experience and
knowledge and the context in which diagnostic reasoning occurs.

Garg et al. (2005) suggest that evidence that clinical decision support systems (CDSS) improve efficiency and
reduce costs is limited. Cost-effectiveness of systems remains essentially unknown. Systems are proliferating and
their technical performance and usability are improving. In parallel, the number and quality of evaluations are
increasing, and show that many CDSSs improve practitioner performance. Additional research is needed to
demonstrate the effects of CDSSs on patient outcomes.

Gittel et al. (2015) used a relational coordination model to organize and present validated teamwork intervention
tools. Relational coordination employs three relational dimensions (shared goals, shared knowledge, and mutual
respect) and four communication dimensions (frequent, timely, accurate, problem-solving) that together underlie
effective coordination of work. The authors cited studies in support of associations between relational coordination
and a wide range of outcomes, and present a table of the various outcomes, organized as follows: quality outcomes,
efficiency outcomes, patient/family engagement, worker outcomes.

Kushniruk (2001) found differences in strategies for dealing with ambiguity of evidence as a function of physician
experience level. When confronted with conflicting evidence, medical students tended to base their decisions on
scan and test results. Expert physicians were more likely to focus on the overall clinical picture rather than specific
test results. Faced with conflicting evidence, residents most often sought to defer the decision. In addition, expert
physicians focused on developing a strong situation assessment for each case, and to use that in interpreting specific
test results.
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Landman et al. (2014) concluded that electronic medical records (EMRs) can be successfully integrated into existing
simulation centers, which may provide realistic environments for usability testing, training and evaluation of human-
computer interactions.

Ng and Curley (2012) found that evidence-based clinical protocols may not seem burdensome when considered
individually, but in the context of real-world clinical practice, nurses are expected to know multiple protocols and be
capable of successfully implementing them during ongoing patient care. The authors suggest that clinical protocols
may function as a cognitive burden that interrupts the nurse’s primary task of patient care by adding complexity and
busyness and increasing mental workload. Studies of computer-based protocols suggest that when nurses are
involved in design and application of protocols, cognitive workload is reduced.

O’Sullivan et al. (2014) concluded that the development of effective CDSS requires close collaboration between
computer scientists and clinicians, so that each community better understands the other. Adoption will require
better-informed end users (e.g., through enhanced training and instruction for clinical practitioners). The authors
assert that technology capability is sufficiently advanced to offer meaningful, effective support for clinical decision
makers.

Patel et al. (2002) pose a series of claims based on 123 citations that form the basis for this review paper. They
describe their claims as hypotheses about the decision-making process that have substantial support in the literature.
For example, regarding decision making: “decisions involve choosing a course of action among a set of options with
the intent of achieving a goal... good decisions are those that effectively choose means that are available in a given
situation to achieve as well as possible the individual’s goals.” This is the kind of pragmatic approach that Heerbert
Simon (1996) termed “satisficing.”

Patterson et al. (2011) coded 422 prioritization decisions, and suggest a 7-level hierarchy of prioritization of nursing
activities (from highest to lowest): imminent clinical concerns, high uncertainty activities, significant core clinical
caregiving and managing pain, relationship management, document/helping other/patient support, system
improvement/cleaning/preparing supplies, and person interactions/social activities (lowest priority).

Pickering et al. (2013) concluded EMRs contain an abundance of infrequently used or never-used data, raising the
possibility that EMRs present a great deal of information to physicians that they neither want nor use. The
overabundance of clinical data may be distracting or overwhelming clinicians. The authors further suggest that
study findings are consistent with other research indicating the negative impact of EMRs on physicians’ abilities to
find the appropriate clinical information with which to make time-critical medical decisions. This study and other
research cited indicate the need for clinical information management strategies that allow access to infrequently used
information, and prioritize display of commonly-used information categories.

Wright et al. (2004) address the need for objective measures of performance (including cognitive performance) that
can be used to evaluate the skills and training of individual and teams of clinical practitioners, and to evaluate the
impact of new processes, technology, and equipment. The authors describe the importance of situation awareness
(SA) to decision making and performance in dynamic environments and, discuss the procedures required to develop
objective measures of SA.

Appendix Z presents each summary, organized according to: Reference/ Summary/ Method/ Findings/ Conclusions/
Relevance for CCS.

5. Phase 1 Summary: Descriptive Model of Cognitive Work and Software Functional Requirements

ARA researchers conducted four week-long data collection trips. During each data collection trip the research team
conducted Cognitive Task Analysis interviews with members of the AISR Burn ICU clinical and support staff that
lasted an average of 60 to 90 minutes.

March 2013—9 interviews
May 2013—12 interviews

July 2013—16 interviews
November 2013—10 interviews

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. During the data collection, video records were
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collected on rounds for two days which resulted in one and a half hours of video. In addition, we collected audio
recordings of the interviews if permission was granted, handwritten notes of interviews and observations (which
were transcribed), and 19 different types of hard copy and computer-based information artifacts used by Burn ICU
and others (including the lab, pharmacy, and OR). Each visit provided an opportunity for the team to refine and
focus the next collection visit. Seventy products, including interview and observation notes, resulted from these
visits.

a. Data Analysis:

The ARA team conducted a series of two-day data analysis sessions where the team developed a common
understanding of the Burn ICU roles, information sources, and work flow. The team subsequently developed
cognitive themes and further understanding of the nuances associated with the Burn ICU environment. The sessions
resulted in refinement and development of preliminary representations of the data in the form of diagrams.
Preliminary representations included timelines of key personnel’s typical daily tasks, a unit plan view, a network
diagram of who interacts with a patient on a given day and a list of people with whom the bedside nurse most
frequently communicates. We also created a representation of the information sources available to Burn ICU staff
members, who has access to the source, and type (e.g., hard copy, electronic, or hard copy-electronic such as arterial
blood gas display and printout).

The research team also developed an initial set of measures to evaluate the CCS prototype. Building on the design
requirements, the team developed criteria to assess CCS interface usability, how well the system meets the design
requirements, how well the system supports cognitive work, and clinical outcome measures.

We identified a set of core design requirements for an information technology solution from the data collection and
analysis. To develop the design requirements, we connected information needs to cognitive work challenges and
barriers. Drawing on these data, we created a set of problem statements and then developed concise statements of
system requirements for each problem statement. These system requirements are presented with the problem
statement derived from the challenges/barriers our research revealed.

1. Problem: No effective means to synchronize and adapt different aspects of patient care over the course of a shift,
across caregiver team.

Requirement: System shall provide access to a plan of patient care, visible to all caregivers responsible for
that patient that includes:

e Current patient status and top-level assessment; Goals and priorities for those goals; Changes/updates
(e.g., indicating that plan is being updated when one caregiver is working on it); Schedule of activities
and any changes, timeline; Orders and their status; Identity and contact information for patient’s care
team.

2. Problem: Lab cultures are processed but requestors are not made aware that results are in, resulting in delay of
treatment and other issues.

Requirement: When any tests are ordered (lab, x-ray, etc.), the system shall push results notification to
requesters and caregivers for that patient.

3. Problem: Pervasive confusion around orders, to include whether they have been placed/entered and when and
what status is (in process, complete), whether a new order is redundant with an existing one, whether an order has
been updated/changed, and lack of access from team members to existing orders/status.

Requirements:

e The system shall enable multiple team members to view, update, track, and process orders from a
simple (possibly handheld) application, available on numerous devices, indicating changes/updates and
current status of each order.

e Once an order is in-process, the system shall provide team members who act on it with a simple,
accessible means for annotating their action in the system; the system shall update immediately and
push notifications to subscribers

e The system shall enable team members to subscribe to push notifications for certain patients about
status of in-process orders/labs/procedures.
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4. Problem: IT issues and work process requirements frequently require redundant and/or repeated information
capture and data entry, resulting in documentation being highly inefficient and time consuming.
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Requirements:

e The system shall enable team members to push data to multiple systems through one data entry
process.

e The system shall require team member to document information in only one common location;
information elements then populate other redundant data entry systems as needed.

5. Problem: Lags in the system mean that information can be stale or inaccurate, causing lack of SA for highly
unstable patients.

Requirements:

e  The system shall enable team members to designate patients as unstable/high risk.
e For those unstable patients, the system shall enable real-time dissemination (i.e., text message) of
updates to status, orders, or requests to all team members on handheld/portable devices.

6. Problem: Caregivers need trend and macro-level information to inform SA, sense making, and decision making,
but this information is not available.

Requirements:

e The system shall provide a time-history of trend information at selectable time scales for key patient
measures/parameters.

e The system shall provide a top-level dashboard of defined parameters that visually represents each
patient’s history on those parameters for present day, over the past week, over the past month, and at
other time scales (need input from burn unit partners).

e The system should include tripwire algorithms that will flag and notify team of a trending decline or
emergent instability in patient health or progress.

7. Problem: Team members lack SA regarding who is available on the unit to support at any given moment.

Requirement: The system shall maintain an accessible list of team members on the floor at any given time
by role and name.

8. Problem: Procedure preparation: When patients are being prepared for a procedure, there are several pre-requisite
steps (e.g., have they gotten blood products, antibiotics, consent, pregnancy test), but there is no means for team
members to track and communicate status/completion/readiness for procedure. Lack of SA on this preparation
causes delays and wasted time.

Requirements:

e The system shall enable caregivers to select, modify, and annotate completion of prerequisite steps.
e The system shall enable the care team to remotely access this checklist for situation awareness.

9. Problem: Both OR and Bedside nurses lack SA about OR procedures to enable the most appropriate care to the
patient before, during, and after procedures.

Requirement: The system shall provide access to knowledge about procedures given to burn patients,
specifying the top risks/care considerations that require understanding and action for those procedures.

10. Problem: Lack of SA (availability, accessibility, who is responsible, what is completed) on checklists for daily
plan of care created during rounds for patient.

Requirement: The system shall enable a patient’s care team to easily document/develop, access/track,
update completion, insert material from previous days, and comment on the patient’s plan of care checklist.

b. Model Development:

A critical Phase 1 finding is that the collaborative work of the BICU can be represented in the form of a descriptive
model of cognitive work. The model captures the what and how of synchronization that is critical to safe and
effective patient care in the BICU. These include information that is useful to clinicians, obstacles they confront, and
initiatives they undertake to accomplish their patient care goals. The analyses have identified a range of
macrocognitive activities that practitioners use to perform the unit’s work. The methods we used enabled a clear
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understanding of the cognitive work of the BICU clinical staff. Our analysis efforts included identifying and
describing the various aspects of cognitive work, as well as culling from the data suggestions for how cognitive
work might be better supported on the BICU. An excerpt from the Analysis of Cognitive Work data table is shown
in Table 2 below.

TABLE 2. EXCERPT FROM ANALYSIS OF COGNITIVE WORK

Cognitive Analysis

Aspects of BICU Cognitive Work What helps/supports team cognitive work?
Recognizing what information is important at Nothing currently: There is very little support for this
this particular moment, for this patient, and this component of cognitive work in current IT systems; in
situation/aspect of care. fact, the flood of detailed data makes this cognitive task

much harder than it might otherwise be.

Managing Attention — clinical providers need to | What would help? Clinical systems that can respond to
figure out where to focus attention and how to | just-in-time information needs and that help people focus

filter out what is not so important. What their attention on the important data/information at any
information to seek and/or notice is a critical given point in time and circumstance.

aspect of cognitive work in this clinical setting.

Reducing uncertainty; managing the Timely, accurate information; ability to get to the
ambiguity that is inherent in highly dynamic particular info needed ‘right then’ efficiently; IT that
environments such as the BICU. effectively highlights gaps, and indicates when updates are

available. Good interface design.

Complexity can hide underlying systematic patterns in cognitive work. Figure 1 illustrates these patterns in the
BICU. Synchronization of patient care among clinicians and over time is the first level of the model, shown at
left. The next level includes activities that all unit members perform: clarification, coordination, negotiation,
and anticipation, followed by supporting tasks. Each task can be observed in the way that clinicians interact
with each other and use information sources to minimize uncertainty. Requirements that the team developed
from these tasks indicate opportunities, or leverage points, to improve synchronization.

Function Unit Activities Unit Tasks Unit
Members Perform Members Perform Members Perform

Reduce uncertainty
Manage ambiguity

Manage conflicting agendas
Manage communication

Clarification

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Coordination—

Synchronization —

Identify alignment, gaps/differences
(e.g., agendas)

Manage conflicting agendas

Manage communication

Negotiation ——

Anticipation———‘ Forward thinking

FIGURE 1. DESCRIPTIVE MODEL OF COGNITIVE WORK

Phase 1 presented a comprehensive picture of the BICU cognitive work, including synchronization on the BICU, the
barriers to safe and effective care that are encountered there, and design requirements for a system to support clinical
work in the context of authentic use cases. Our Initial Requirements Analysis is included in Appendix AA.
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6. Software Development

Beginning in Phase Two, the ARA team refined and revised the software design requirements to facilitate timely,
effective and efficient patient care. A subcontractor, Scientific Systems Company Inc. (SSCI), was initially
responsible for developing the CCS machine learning feature during Phase Two. By February 2015 we determined
that SSCI’s technology was not sufficiently mature to support further development. Dr. Nemeth recruited and
assembled an ARA team to replace SSCI and continue ML development.

Based on initial interface concepts, the ARA ML team further developed and refined the software. The ARA team
then developed several versions of the interface design, resulting in an information design prototype based on Phase
One findings and requirements. ARA then conducted a design review and validation of the candidate displays by
those who would use them at USAISR. 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 were initially coded.

ARA and ISR reviewed software development requirements (including SOPs), and requirements for Information
Assurance (IA) and medical device determination. Access to relevant medical databases during development
presented a significant challenge throughout software development. To gain access to actual patient data required
the creation of a development environment at AISR that was not connected to the actual medical record. This made
it possible for the CCS system to be tested using actual patient data. ARA team and members of the AISR staff 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
analyzed the data set and determined that it would easily map to the relational database used in CCS.

a. Architecture

The CCS software architecture, shown in Figure 2, uses a cross-platform, microservices based architecture to
facilitate integration with external systems. Microservices allow CCS to be tailored to the target environment and
deployed with the minimum set of required components. The CCS deployment at USAISR consisted of a web-based
front end, the full CCS Server, and the Essentris EMR. The CCS Server was designed to support integration into
new front-end applications, and to be driven by new data sources with minimal impact. Capabilities from CCS (e.g.,
machine learning, messaging, notifications) can be integrated with next-generation decision support tools, and CCS
can be driven with data from new EMR systems (Cerner). This is accomplished by dividing the CCS Server into
three distinct service layers: the Server Interface Layer, Application Business Layer, and a Data Access Layer.
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FIGURE 2. CCS SOFTWARE ARCHITECTURE DIAGRAM

The Server Interface Layer provides a web-services based Application Programmer Interface (API) that exposes the
core CCS functionality to external applications. The APl uses open standards including Representational State
Transfer (REST) and JavaScript Object Notation (JSON). ARA developed the CCS User Interface (Ul) as a single-
page AngularJS based web application that uses the CCS API to access all CCS functionality. All business logic
resides on the server and is exposed via the CCS API. This clear separation of responsibilities supports integration of
selected capabilities into new tools in the future.

The Application Business Layer contains the core of the CCS software, including the CCS data model. The CCS
data model integrates disparate EMR systems with analytic and administrative capabilities. Analytic codes require
aggregated data to be normalized prior to analysis. The CCS normalization process looks at multiple aspects of the
data including units and method of entry (manual or automated) to ensure that analytic codes provide consistent,
meaningful results. The CCS data model uses several basic types including Point and Series to represent the types of
data typically found in EMR databases. Points describe individual time-stamped elements such as the patient’s
initial TBSA. Series define data captured from monitoring devices. The CCS data model maintains the provenance
of all data in the system, while still allowing the CCS machine learning code to search for previously unknown
patterns. The CCS data model is used throughout the Application Business Layer (including the machine learning,
messaging, and scheduling components) and forms the basis for the Service Interface Layer.
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The Data Access Layer (DAL) is unique to CCS and was designed specifically to enable CCS to work with multiple
EMR databases. The DAL is driven by a configuration file that defines how elements within the CCS data model
are populated. Elements can be retrieved from relational database management systems (RDBMS) or from service
agents which apply element-specific translations to map elements from external systems into the CCS data model.
This approach would support swapping out Essentris for Cerner by developing a DAL configuration file tailored for
Cerner.

b. User Interface

The CCS user interface (Ul) will maintain a real-time view of the electronic health record and incorporate results
from machine learning as they become available via a relational database. Toward that end, ARA developed a
customizable widget-based web framework for use in CCS. Users will be presented with a default view that matches
the CCS Ul concept which 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 programming prototype and reviewed it
with selected AISR prospective users for their feedback. The development team was able to access the records of
two patients in August and is working on connecting components of the interface to these patient data. Future CCS
development spirals may also mine data on how users customize the interface, to detect possible relationships
between display customizations and patient outcomes.

The primary Ul development activities in Phase 3 were to implement a configurable Patient View, Orders View, and
Messaging View. These tasks were all guided by the requirements generated through research performed in Phase 1
and the prototype evaluation that occurred at the culmination of Phase 2.

In Phase 3, the team shifted to an Agile Development approach. The primary driver behind the shift to Agile was to
implement a rapid feedback cycle. The team accomplished this by breaking up development tasks into short two to
three week “sprints” and demonstrating new functionality to the ARA cognitive team and USAISR clinical team
after every few sprints. This approach improved communication among the distributed team members by having
everyone regularly review the current state of the software on and provide comments on how the development team
should prioritize tasking.

The user interfaces is organized primarily through tabs, which are clearly visible in the primary patient view. There
are tabs for major physiological systems, as well as certain clinical support functions such as wound care,
rehabilitation, and orders. New tabs can be created by the user as well. Secondary to the tabs are widgets, which are
stand-alone features that can be moved and placed anywhere within the UI based on the user’s discretion.

Patient View. One of the findings from the Phase 2 evaluation was that users needed the ability to dynamically
configure their view of the (EMR). Current systems, such as Essentris, offer a “one-size-fits-all” approach to
viewing the EMR, independent of the patient’s condition and the user’s line of inquiry. The Phase 2 implementation
of the Patient View reflected the data requirements of the Phase 1 research but presented information in a static
format represented in Figure 3.
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FIGURE 3. STATIC PATIENT VIEW

In Phase 3 we leveraged the Phase 1 research which produced the top-level information design and added the ability
for users to customize their views. We used the information design as the “base-case” for the type of views that
needed to be configured (Figure 4).

Customizability. Complex ways to display series data are available to the user. For example users can create any
number of y-axis configurations and map data elements to each of them as desired. This allows for elements to be
visualized relative to each other. Users can also specify the desired minimum and maximum y-axis points, forcing
the data to a specific window. Color of the y-axis and series are also customizable. For example, users can specify
placement of the y-axis on the left or right of the chart. Users can also name the y-axis and units. Users can also
format series lines in one of 11 ways, for example, as solid, dashed, or dotted lines. Moreover, when the legend is
not needed, it can be disabled to save space.
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FIGURE 4. CONFIGURABLE PATIENT VIEW

ARA produced a version of the Configurable Patient View that represents the Information Design and these changes
for the November usability assessment.
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Patient Identifier Widget. The Patient Identifier Widget, which appears in the upper left corner of the patient view,
indicates if the patient has a Do Not Resuscitate (DNR) order. In addition, we have connected the Condition field to
the Machine Learning software output. The updated widget is shown in Figure 5.

[02 TP ?SM]

(DNR)

FIGURE 5. PATIENT IDENTIFIER

Labs Tabs. The new Labs tabs in Phase 3 (Figure 6 and Figure 7) were built to give the user a more efficient view
of all the patient’s lab values, regardless of body system. The main Labs tab contains seven different widgets
corresponding to the different lab types that are drawn. The widgets are Chemistries, ABGs, VBGs, CBCs,
Coagulation studies (Coags), Gl, and Toxicology. The second Labs tab shows all the lab values in separate widgets
in case the user wants to see the values in graph form. The lab types are differentiated by color with chemistries as
green, ABGs as red, VBGs as blue, CBCs as purple, LFTs (Gl) as brown and “Coags” as light blue. The two formats
allow for more detail (Labs tab) or more efficient use of the screen “real estate” (Labs2 tab).
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FIGURE 6. LABS TAB
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FIGURE 7. LABS2 TAB

Vents Tabs. Figure 8 and Figure 9 show the new Ventilator (vent) built to give the respiratory therapists (RTs) and
physicians a more efficient view of the patient’s ventilator status. Four widgets on the main Vent tab correspond to
different vent modes: VDR, Drager-PC/AC, Drager-APRV, and CPAP. These four widgets contain all of the vent
values, applicable vital signs, and arterial blood gas values that pertain to that vent mode. Additional widgets at the
bottom of the Vent tab show the patient’s ventilation status and oxygenation status. The second Vent tab shows all
the vent values in separate widgets in case the user wants to see the values in graph form.
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FIGURE 9. VENT2 TAB

Patient Cohort Widget. The cohort widget shows a list of similar patients to the current one based off of machine
learning algorithms. Users can then select one of the cohorts and view their Configurable Patient View for when
they were similar so that the user can see what type of treatment they received.

Display Manager. In the CCS patient view, users can customize their display with the information that they find
most important. CCS allows the user to create new displays, clone an existing one, export the display to a file to
keep as a backup, import a display, and to take snapshots of their display. They can choose which of their displays
are active and edit their name as well. Figure 10 shows an example snapshot of a display as well as the options to
rename or mark the existing display as active/inactive. This will allow users to modify their displays freely, without
losing any content.
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FIGURE 10. DISPLAY MANAGER

Orders Widget. The approach for handling Orders underwent dramatic changes in Phase 3. In Phase 2, we combined
several functions into the Charge Nurse Rounds (CRN) View, including Orders, Tasks, and a Checklist. During the
Phase 2 evaluation, the team received feedback that these functions would be better developed and tested as
independent widgets. This decision coincided with the push toward more Agile development and more customer
demonstrations. The first capability of the former Rounds CRN view which was developed was the Orders View.

The Orders View is implemented as a Widget type which can be placed anywhere on the Patient View. We currently
have a dedicated Orders Tab that prominently features the Orders Widget. The Orders Widget provides a tabular
view of all of the patient’s orders. The widget uses the time querying function in the Patient View to allow a user to
view current orders or to scroll back in time to view historic orders.

Several features of the Orders View make it unique in comparison to traditional EMR methods of viewing Orders
and also support configurability. Users can choose to filter the orders by Type and can also define free-text search
terms that can further filter the results. This capability enables a user to place an Orders Widget on a Cardiac View
that only displays cardiac related medications, or place an Orders Widget on a Wound Care view that only shows
orders for wound treatment. The layout and function of the Orders View was heavily influenced by users’ expressed
need to determine what data to show and where to show it.

Orders Widget development efforts have focused on producing a tabular view of the Orders data. To date, we have
analyzed the representation of Orders data within Essentris and have produced a single table view of a patient’s
orders (Figure 11). In addition to viewing Order data, the Widget will let users view unique detailed information for
each widget type, totaling 20 in all. The widget also allows users to set up filters based on order type, category, and
a search value. This can be saved and persisted each time the widget loads so that users can create custom orders
widgets for different use cases.
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FIGURE 11. ORDERS VIEW WITH SETTINGS

Orders can now be viewed graphically as well (Figure 12). This is based off of the order start and delivered time so
that users can quickly visualize the status of the patient’s orders. Each type of order includes a set of associated

details and values that can be expanded for viewing within the widget as shown in Figure 13.
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Messaging View. Recent activity in Phase 3 has focused on development of the Messaging View in CCS. An initial
Messaging View was developed in Phase 2 and was evaluated at USAISR in Jan 2015. The Phase 2 Messaging
View provided per patient “channels” where staff members could “chat” about a patient. Although this approach
offered flexibility, the Phase 2 evaluation showed that it lacked the necessary context for messaging in the BICU

environment.

After developing the Phase 3 messaging requirements, the user interface team produced a set of wireframe design
mockups to illustrate our intended approach to meet the requirements (Figure 14).
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FIGURE 14. MESSAGING WIREFRAME.
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Messaging Trials. AISR completed two trial runs with the messaging system deployed on the AWS GovCloud
server to evaluate the tool. They provided valuable feedback that will allow us to make the tool clearer and more

effective once the validation assessment is performed.
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Messaging Updates. Based on feedback from clinicians, the CCS messaging feature (Figure 15) was developed
around the need for actions to be completed once a message has been sent out. One feature that was missing was the
ability to quickly select the patient care team and send them a message.
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FIGURE 15. MESSAGE CREATION

Users can create a message and add assignments to the message for any number of other users and roles. The ability
to edit this list once the message was created was initially missing as well. Users indicated this was important to
them, and it and is now implemented in the system. Message Edit opens a dialog that is similar to Message Creation
using the fields from the original message. Edits can then be made and saved (Figure 16).
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FIGURE 16. MESSAGE EDIT

Messaging Across CCS. The need to navigate away from the current task in order to view and/or respond to a
message took valuable time away from clinicians. We incorporated a pull out drawer throughout CCS to streamline
interaction with the messaging system while still being able to perform tasks. A user chooses a drop down box of
patients under their care (Figure 17), chooses a patient, and a drawer opens on the right with the same messaging
system as on the dedicated page (Figure 18). This pull out drawer is now on all pages throughout CCS so that a user
can keep working and still respond quickly to messages. The arrangement provides a consistent experience
throughout CCS, saves interruptions, and minimizes potential confusion.
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FIGURE 18. MESSAGING DRAWER

Users also indicated that message layout needed to make more information evident in the same view. We revamped
the layout to present all information at once (Figure 19). This allows users to more easily scan through messages
without having to stop. We also added the ability to ‘send as’ when replying to a message as another user. This
saves a user from having to logout of a different user’s account and then login to their own account to quickly
respond to a message when someone else is using the same computer.
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We also ensured that a user is notified when events happen. For example, users now receive an email and SMS
message when a message is sent to them, when another user acknowledges their message or comments on their
message, and when an action is completed on one of the user’s messages. This helps to keep users aware of message

status.

Task List. We designed a list of tasks that are typically developed during interdisciplinary rounds and other unit
activities (Figure 20). This list was designed so that each task identifies a person who is responsible and a time for
completion. It provides the option of marking it N/A if the patient condition changes.
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FIGURE 20. TASK LIST
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Checklist. The checklist (Figure 21) was

W81XWH-12-C-0126

designed so that each item has a trigger field, a notes field, and provides the

option of marking “N/A” if the patient condition is not relevant to the checklist. The list can be quickly duplicated

and revised to add or remove items.
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FIGURE 21. CHECKLIST

Schedule. BICU staff and supervisors currently use paper copies to match unit resources to patient needs. We
designed the schedule so staff members can easily see plans for each patient on the BICU (Figure 22). Resource and
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FIGURE 22. SCHEDULE

Server Setup. In September 2015, ARA purchased the domain name ccsunite.com and leased a virtual private server

(VPS) from Amazon to host CCS for the

prototype evaluation. CCS was deployed and configured with the de-
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identified deceased patient data set on the Amazon GovCloud Datacenter and is now currently accessible from our
domain name at AISR.

Data Elements. In Phase 3 CCS mapped 346 data elements from the EMR for using the patient view. This was a
critical step needed to use the tool in a clinical setting. Mapping these elements allowed comparison of CCS to the
Essentris current workflow during the November usability assessment.

Patient Comparison View. We completed the Patient Comparison View in Phase 3. This view used the same widget
framework as the Configurable Patient View, which allowed us to efficiently reuse similar widgets and features. The
Comparison View creates a row, or “swim lane,” for each patient so that one can scroll through a list of patients to
review their status as a group (Figure 23). Changes made to one lane are automatically propagated to all of the
others. This reduces the effort involved needed to customize the view.
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FIGURE 23. PATIENT COMPARISON VIEW

7. Usability Assessment (November 2015)

a. Preparation.

We conducted a usability assessment (Rubin, 1994) in November 2015 at the BICU to evaluate how well the CCS
supported individual decision making. From August through October 2015, ARA collaborated with AISR to develop
clinically relevant scenarios for use in the assessment. In September, the ARA team scheduled a pilot to run through
the facilitator script, and verify the CCS was ready for the usability assessment planned for early November. The
ARA team developed seven draft scenarios from Year One data. Both ARA and AISR refined the scenarios until
completing a final set of two: new admission and preparation for surgery. The team also completed a number of
questions for the participants who typically rely on the EMR, and were specific to their role as a physician (PHY),
nurse (RN), or respiratory technician (RT). Questions required each participant to make a recommendation or
decision using the CCS prototype as an information source. The test used the CCS in the Amazon Government
Cloud as a platform, and one of the previously approved 16 deceased patients as a data source.

b. Qualitative Findings.

The cognitive team reviewed data collected during the November usability assessment. Appendix AB summarizes
their findings, which include:

e Based on the rating analysis, Nurses found it took more effort to get the information they needed than
Physicians did in the surgery preparation scenario, but there was no difference in perceived effort for the
new admission scenario.

e Overall, users rated the CCS system as good as or better than the legacy system on several usability
dimensions (Enclosure (1), Table 4).
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e The responses to open-ended questions align well with the rating results, and provide additional detail.

e Ingeneral, participants were positive about the CCS and liked the way it presents information. When asked
whether CCS would be easily adopted, over 80% of participants in each clinical role responded
affirmatively (83% PHYs, 85% RNs, 90% RTS).

e The qualitative data suggest that there are differences among clinical providers according to whether they
found particular aspects of the system difficult to use, and what aspects of the system were particularly
useful. Physicians were more positive about the system than were RNs or RTSs.

e A majority of physician participants (83%) found the information presentation (layout/look &
feel/navigation) particularly useful, while only 25% of RNs and 50% of RTs did.

e RNs noted the ‘snapshot’ view of the patient as useful (30%) more than did physicians (8%) or RTs (0%);
physicians noted the trend data as useful (42%) more than did RNs (25%) or RTs (20%).

e The data also provide insight into aspects of the system that participants found challenging. The most
frequently cited challenge was the presentation of patient-specific information (Identified as challenging by
25% of PHYs, 45% of RNs and 38% of RTs after Scenario 1 and 50% of PHY's, 45% of RNs and 33% of
RT’s after Scenario 2). Participants in all roles occasionally reported that they needed patient information
for the scenarios but were unable to find what they needed. Tailoring flexible displays will likely resolve
this.

In December, the cognitive team forwarded their findings to the software team, which included a number of
revisions in their plans to prepare the system for the spring 2016 validation assessment.

c. Prototype Improvements.

Usability assessments are also intended to reveal opportunities to improve the prototype. The memo on usability
assessment data analysis includes Enclosure (2) “Priorities and Recommendations for CCS System Revisions” that
suggests potential improvements to the CCS derived from subject task performance and comments.

d. Quantitative Findings.

During the November usability assessment, we also collected quantitative data on the time each participant took to
complete each of the six tasks, shown in Table 3.

During a scheduled trip 5-7 January to present at the AISR Scientific Review Conference (Appendix AC.), Dr.
Nemeth and Mr. Greg Rule, supported by Ms. Maria Serio-Melvin and Ms. Sarah Murray, staged a second usability
session with one highly qualified BICU nurse to capture how a clinician would use Essentris to perform the same
tasks as a subject using the CCS during the November usability assessment. Staged in the anteroom of a BICU
patient room, we confirmed subject consent to participate and to have a video camera record the session. We also
asked the participant to estimate the level of effort for each task, and then asked open-ended questions about the
experience at the end of the session.

Results of a comparison between the BICU nurse using Essentris and an equally experienced BICU nurse
performing the same tasks using the different systems is included in Appendix AD. It is true that the comparison
with an individual is subject to individual differences. For example, one person might be more deliberative than
another. Even so, the “straw man” comparison does demonstrate interesting differences. Both of the participants
follow similar reasoning for the task they are asked to perform. Using the CCS, the time to complete task is
consistently shorter than when using Essentris. In some instances, it is significantly shorter. The screen views and
the verbal protocol when using the CCS are noticeably simpler than when using Essentris. The results indicated to us
that we could expect to observe different information search and use patterns as well as different task times between
use of the CCS and Essentris when we conducted the validation assessment in June 2016.

We did a further analysis to verify that the CCS sample was representative by figuring the median time to complete
task for all 20 nurses who performed them while using the CCS during November’s usability assessment. Table 3
shows the time it took the participant using the Essentris system to complete each task.
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TABLE 3. LEGACY AND CCS SYSTEM COMPARISON BY TIME TO COMPLETE SIX TASKS

Scenario and Task Legacy CCs CCs CCS %faster
Scenario 1- Preparation for Surgery (slowest)  (median)

1--Is the patient’s hemodynamic status getting worse? 2:44 11:53 2:10 20
2--Is the patient’s pulmonary status getting worse? 6:35 3:49 1:09 82
3--Is the patient’s volume status getting worse? 4:15 :03 1:48 57

Scenario 2-New Admission

1--Based on the vital signs and 1/0s, what do you recommend 3:25 4:00 1:27 58
for fluids: increase, decrease, or remain the same?

2--Based on his glucose levels, do you recommend that he be 0:53 :45 0:25 57
started on an insulin drip?
3--Based on the patient’s lab values, do you think he should 2:45 5:25 1:04 61

be started on CRRT?

The second column shows the slowest time for a BICU nurse to complete the identical task at the same level of
accuracy using the CCS. The third column shows the median time it took the 20 BICU nurses using the CCS to
finish the tasks. In all of the tasks, those who used the CCS were significantly faster. In five of the six tasks, they
were at least 50% faster. This case study suggests the CCS does improve decision efficiency.

8. Validation Assessment (June 2016)

While the November usability assessment evaluated CCS support for individual decision making, we performed the
June 2016 validation assessment to determine how well the CCS supports team decision making and
communication, and to compare its performance with the Essentris EMR.

We conducted the validation assessment from 8 to 15 June at AISR. The ARA team analyzed collected data at their
Fairborn offices during the week of Jun 27 to July 1.

Method. Clinicians were asked for their voluntary consent to participate in the assessment and use each system
(Essentris and CCS) as a team in two clinically-relevant scenarios to care for one simulated patient. Participants
were recruited to form two clinical teams (one attending physician, one bedside nurse, and one resident), who would
also interact with other BICU staff. At the beginning of the session, the clinical team reported to their designated
room for an orientation and overview of the scenario. The scenarios were designed by AISR senior clinical staff
members to be realistic and require decisions for which they would need to consult IT information sources. Experts
in burn critical care reviewed each scenario to ensure they were appropriate for the BICU setting.

Subjects. Six clinical staff volunteered to participate in this study on two different days during their time off. The
attending physicians had 10 or more years of medical experience, and 10 and 8 respectively in the BICU. One
resident was more senior than the other by 4 years. Nurses had been on the job 8 and 10 years respectively, with an
average of 2 years on the BICU. This resulted in one team averaging two years more experience in general (M=8.3,
SD=2.6 vs. M=6.3, SD = 4.2), but not more experience in the BICU (M=4.3, SD 4.4) as shown in Table 4 below.

TABLE 4. VALIDATION ASSESSMENT TEAM EXPERIENCE BY ROLE

Years of Experience Years on BICU
Attending  Resident Nurse Attending Resident Nurse
Team 1 10+ 5 10 10+ 1 2
Team 2 10 1 8 8 <1 2

Each team engaged in two clinically-relevant scenarios lasting 4-6 hours using either the current Essentris-based
electronic medical record or the CCS. In the first scenario the team had to evaluate whether the fictional patient was
becoming septic and how to treat it. The second scenario, Acute Respiratory Distress Syndrome (ARDS), observed
the team’s response to a critically ill patient who might be a candidate for Extra Corporeal Membrane Oxygenation
(ECMO). Both scenarios were chosen for the difficulty they typically pose for BICU teams during routine care.
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a. Procedure.

In addition to three core members, other clinical personnel were consulted such as a respiratory therapist, and
pharmacist. Some of these other roles were played by simulations staff. Each team cared for their simulated patients
in a room set up on the BICU. Observers documented team clinical activity based on a coding scheme that included:
a) decisions in the form of orders, b) search for information using the system, c) problem detection and solution, and
d) collaboration and communication via various means including face-to-face, phone, text, and the message system
in CCS. Each observer focused on one of the three core team members and recorded time-stamped activity for that
person. At the end of each scenario, one using CCS and one using the legacy system, participants rated their team’s
decision making, communication, and performance. They also rated the ability of each system to support aspects of
the cognitive work (all ratings on a 7-point scale).

We recorded clinician use of the software using video so the research team could review it after the sessions to
ensure observer notes were accurate. The participants signed a consent form indicating they agreed to be recorded.
BICU team members who did not participate in the clinical scenario were not recorded. No patients were recorded.
We identified consented participants using a brightly colored laminated study badge the participant wore on their
shirt or blouse.

On the day before the first scenario, each consented team member received a 15-minute orientation to the study and
to the CCS. The research team used a script to introduce these topics:
o ldentification of the facilitator(s) and their roles in the scenario
e How to treat the simulated patient as if he/she were a real patient
e How to document care for the simulated patient
o Where to find information about the patient in either Essentris, the CCS, or by asking for it. Due to
limitations of the Essentris test environment, laboratory and imaging study results were not available in
Essentris, but instead were made available using paper copies. The facilitator team mocked-up results for
items that were not part of simulation preparations, in a manner most consistent with the expected patient
course based on team decisions.
o Safety stops. In the event real patients required the attention of the clinical team, the team would
discontinue care of the simulated patient to attend to the real patient.

During CCS orientation, the research team asked participants to perform certain tasks using the CCS. This ensured
their understanding of the CCS was fresh before using it to care for the simulated patient. Each team member had his
or her own personal login for the CCS and was allowed to customize their information display during the
orientation.

On the day after orientation, the clinicians performed one of the scenarios using either Essentris or the CCS. On the
next day, they performed the other scenario using the alternate system, as Table 5 shows. Counterbalancing
minimized the benefit of experience on use of a particular IT system.

TABLE 5. EXPERIMENT DESIGN

Day 0 Day 1 Day 2
Team 1 Study & CCS Orientation Sepsis using Essentris  ARDS using CCS
Team 2 Study & CCS Orientation Sepsis using CCS ARDS using Essentris

The Facilitator introduced scenarios during “change of shift” handoffs to participants. The team was asked to use
either Essentris, or the CCS to make clinical decisions and care for the patient. The team cared for the simulated
patient over a period of about 6 hours. Observers took notes throughout the session. The Simulation Monitor noted
clinical team decisions and advanced the scenario “clock” to the next simulated patient data set.

After the scenario began, team members were expected to review the available simulated patient data and make
appropriate decisions based on the information either Essentris or the CCS provided. The scenarios were structured
to require specific sets of anticipated clinical decisions.

Scenario 1--Abdominal Sepsis:

e initiation (delivery) of antibiotic therapy,

e decision to perform diagnostic procedure (i.e., diagnostic peritoneal lavage or exploratory laparotomy),
o decision to perform exploratory laparotomy or transition to palliative care,
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e communicate with the family/patient’s decision maker
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Scenario 2--Severe ARDS:

initiation (delivery) of antibiotic therapy,

paralyze the patient,

order the rotoprone bed,

initiation or decision not to initiate inhaled nitric oxide therapy,

consult the ECMO service, decision to cannulate or forgo cannulation for ECMO
communicate with the family/patient’s decision maker

When the scenario team got to a decision point, observers documented details, including what decision was made,
who made it, what information they used to make the decision, and how long it had taken. The scenario proceeded to
the next step based on the decision made regarding the care and treatment of the simulated patient. At the conclusion
of each scenario, the Facilitator asked members of the scenario team several questions about their experience.

While this was a case study with two teams, we collected data on the teams’ decision, search, and communication
processes, analyzed use of the CCS messaging feature, and collected post task ratings. This allowed us to examine
differences between the CCS and the legacy system. Given a small sample of two teams, our analyses focused on
descriptions of the process and examining consistent trends across different data sets.

b. Coding Scheme.

The coding scheme focused on cognitive work activities that were expected to rely on an IT system (e.g., searching
for information, making decisions, coordinating with the team, detecting problems by perceiving patterns,
integrating information to evaluate trends, asking questions, making recommendation). In the weeks before the
assessment, the three observers practiced using the coding schemes together in real time. During data analysis, two
of the observers compared the three sets of codes and discussed and resolved any discrepancies.

c. Scenarios.

The AISR clinical team designed the scenarios to be realistic and clinically relevant, requiring monitoring of
multiple information streams. Subjects rated both scenarios as very realistic (M=6.8, SD = .38 on a 7-point scale).
While the ARDS scenario was expected to be easier for the teams than the Sepsis scenario, use of an IT system
would be essential in both.

d. Results.

Table 6 and Table 7 show key decisions made by the team’s resident (“Res”) and the most important decision is
shown in bold type. Using the CCS in the Sepsis scenario, Team 2 performed at the same level as Team 1 using
Essentris, despite the fact that the Team 1 resident had four more years of experience. The less experienced Team 2
resident also explored multiple diagnoses rather than anchoring on just one.
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TABLE 6: SEPSIS SCENARIO KEY DECISION POINTS
Team One/ Legacy IT Team Two / CCS
06:57 Start 06:45 Start

08:53 Deep vein thrombosis is

common on a long flight

09:20 Res- I'm looking at Abdominal
compartment syndrome

09:22 Res Ruling out pulmonary
Embolism

09:31 Res Look for signs of sepsis

09:51 Res>Attend- Brief. Patient infection
10:41 Res- Abdominal compartment syndrome due 10:43 Res- Suspect sepsis
to sepsis, unknown source

10:45 Res- Perceives septic
10:47 Res- Perforated bowel

10:55 Attend- Ask source of sepsis

12:13 Res- Abdominal compartment
syndrome

12:16 Res- May need exploratory
laparotomy

Using the CCS in the ARDS scenario, Team 1 arrived at the choice to treat the TENS patient by using a rotoprone
bed almost 2 hours before Team 2.

TABLE 7. ACUTE RESPIRATORY DISTRESS SYNDROME SCENARIO KEY DECISION POINTS

Team One / CCS Team Two / Legacy IT

06:45 Start 06:45 Start

7:48 Res- Suspect antibiotics source of TENS

8:02 Attend- Let ECMO team know

08:31 Res Need to know from derm re: TENS

08:40 A Not likely TENS 08:45 Attend- Paralyze him. Have OR ready.

08:54 Res- Staph infection

09:16 Res- May be slowly heading to ECMO

09:55 Res- Consider prone. Looking at different 09:51 Attend- If he gets worse we’re going to code
courses of action him

10:39 Res>Attend- Page about ECMO

11:18 Attend- I’d put him on ECMO now

11:52 Res © done everything to treat him — very
critical —..Attend- (D) no ECMO - rotoprone only

e. Decision, Search and Communication Processes

In this section, we describe how the cognitive work varied by role and system. We examined a subset of the
cognitive work the teams performed and summarized their use of the CCS messaging feature to evaluate the
effect of the two systems on team processes and timing of the activities. We only review activities directly
related to decision making (search, perceive, and decide). These activities were more common for the
physicians than the nurse, which is typical. While physicians were engaged in decision-related activities, nurses
were engaged in bedside care, managing the orders and medicines, and making recommendations and clarifying
information. Table 8represents the distribution of each of the three activities across roles (rows sum to 1.0 or
100% of each category of decision-related communication). For example, the Team 1 resident made the
majority of decisions, .65 proportion or 65%, when using the legacy system, and 43% while using the CCS.
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TABLE 8. PROPORTION OF TEAM ACTIVITY BEHAVIOR BY ROLE FOR EACH SYSTEM

Legacy System CCS

Role Attending  Resident  Nurse Attending  Resident  Nurse

Activity
Team 1 Search 0.12 0.40 0.48 0.20 0.57 0.23
Team 2 Search 0.10 0.65 0.24 0.02 0.76 0.22
Team 1 Perceive 0.14 0.71 0.14 0.33 0.67 0.00
Team 2 Perceive 0.42 0.42 0.17 0.04 0.79 0.17
Team 1 Decide 0.29 0.65 0.06 0.57 0.43 0.00
Team 2 Decide 0.55 0.45 0.00 0.23 0.65 0.13

Table 9 presents the same data as Table 8, but is normalized by total team decision activity. It represents the
distribution of these three activities relative to the total team communication for these three decision-related
activities (sum of all three roles and three activities sums to 1.0 or 100% of the communication). This analysis
allows comparison of the relative differences between search, perceiving, and deciding by team. From this
normalized frequency of different activities, residents are engaged in more decisions, perceiving potential problems,
and searching for information, than the nurse or attending. Across each team and scenario, residents engaged in
more than 50% of the decision-related activity. Decisions were largely made up of plans for care and orders. While
the two teams had different communication patterns using the two systems, there does not seem to be large
differences between systems in terms of team communication.

TABLE 9. PROPORTION OF EACH ACTIVITY RELATIVE TO TOTAL COGNITIVE WORK BY TEAM AND
ROLE FOR EACH SYSTEM

Legacy System CCS

Role Attending  Resident  Nurse Attending  Resident  Nurse

Activity
Team 1 Search 0.047 0.157 0.189 0.110 0.314 0.127
Team 2 Search 0.065 0.416 0.156 0.012 0.427 0.122
Team 1 Perceive 0.016 0.079 0.016 0.025 0.051 0.000
Team 2 Perceive 0.032 0.032 0.013 0.006 0.116 0.024
Team 1 Decide 0.142 0.323 0.031 0.212 0.161 0.000
Team 2 Decide 0.156 0.130 0.000 0.067 0.189 0.037

We also analyzed these coded, time-stamped observations for each team by system and activity to examine the
distribution of cognitive work prior to rounds, during rounds, and post-rounds. Collapsing across roles, one can see
from Table 10 below that decisions in the form of orders and plans were made in pre-rounds. Search, in which the
clinical staff looked for information, was more common in pre-rounds and post-rounds for both teams using both
systems. Perceptions in which clinical staff gained insights were consistently happening during rounds and post-
rounds as one might expect and do not seem to differ across the two teams.
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TABLE 10. ACTIVITY FREQUENCY BY SYSTEM ACROSS CLINICAL TIMELINE
(COLLAPSED ACROSS ROLE)

Legacy CCS
Search  Perceive  Decide Search Perceive  Decide
Team 1 Pre-Rounds 33 3 25 25 5 12
Rounds 5 1 21 10 1 5
Post-rounds 12 8 19 30 4 35
Team 2 Pre-Rounds 17 0 3 69 3 13
Rounds 12 8 18 3 4 17
Post-rounds 69 6 29 20 13 19

We analyzed the teams’ use of the CCS messaging feature to examine how each used it to support team awareness
and collaboration (Table 11). Functions that these messages supported were similar across the two teams:
coordinating patient care, updates on symptoms, status of medicine or labs, and making clinical directions or
recommendations. Remote team care members used messaging to convey orders to the respiratory therapist,
dietician, or pharmacy. Each team used messaging in a flexible way to support their team process, and there were
some differences as we show in Table 11. Both teams sent a similar number of messages and most were to the nurse.
Team 1 sent 11 messages during the ARDS scenario, 63% were sent by the nurse, 18% had multiple recipients, and
the median response time was 4 minutes. Similarly, Team 2 sent 10 messages during the Sepsis scenario, and 60%
were sent by the nurse. Similarly, Team 2 sent 10 messages during the Sepsis scenario, and 60% were sent by the
nurse. There were several differences between the two teams in their use of the CCS messaging feature. While Team
2 did not initiate more messages, they sent the messages to more individuals, with 70% going to multiple recipients,
compared to 18% in Team 1. In addition, Team 2’s messages also involved longer threads (e.g., longest was 9
messages). Finally, Team 2’s median message response time was faster, at 2 minutes, possibly because they had
more recipients. While both teams solved the clinical problems effectively and in a timely manner as described
above, these data show that the CCS supported different effective collaborative strategies.

TABLE 11. CCS MESSAGING USAGE BY EACH TEAM DURING VALIDATION STUDY.

CCs Number of Nurse- Percent to Longest Median Response
Messages initiated Multiple Recipients Thread (Minutes)

Team 1 11 63% 18% 4 4

Team 2 10 60% 70% 9 2

f.  Post-task ratings.

Finally, after completing a scenario, each team rated how well the system supported core cognitive work. We
analyzed these ratings using MANOVAs to examine the effect of Team Experience (Higher vs. Lower), Role
(Nurse, Physician) or System (legacy vs. novel IT system) on experiences making decisions and collaborating. All
ratings were on a 7-point scale, with 4 being neutral.

g. Subjective ratings by experience.

Team experience did not affect member’s subjective ratings of the system, confidence in their decisions, or ability to
communicate with their team. A MANOVA of Team Experience on these ratings was not statistically significant,
F(4,7)=0.729,p = .6.

h. Subjective ratings by role.

In the usability study, nurses rated the system as harder to navigate than physicians. However, after adding two
different views to the novel IT system as a result, this was not the case in the team validation study. A MANOVA
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of Role on ratings of search, ease of use, and communication using the systems revealed no statistically significant
difference between physicians and nurse ratings, F(4, 7) = 1.6, p = .28.

i. Effect of system on team performance ratings.

Both teams rated team performance high (M = 6.6, SD = .51) and overall team communication effective (M = 6.8,
SD = .41) independent of the IT system, indicating that the teams performed effectively on diagnosing each patient’s
condition. However, there were statistically significant differences with respect to how well the legacy and novel IT
systems supported team communication and decision making. There was also no difference for the confidence in
their decisions across the two systems.

j.  Effect of system on decision making.

Subjects rated the novel system as more effective than the legacy system for supporting decision making (Table 12).
A MANOVA of System on information integration and decision making revealed two marginally significant effects.
Post-task ratings across the two systems for identifying trends in the patient’s condition, F(1,10) = 5.3, p =.067, and
easier to use to make decisions, F(1,10) = 5.3, p = .09, were higher for the novel system compared to the legacy
system.

TABLE 12. MEANS AND STANDARD DEVIATIONS FOR SYSTEMS SUPPORTING DECISION MAKING

IT System Mean Std Deviation N
The system was easy to use to make Legacy 4.667 1211 6
decisions. Novel 6.000 1.2649 6
I am confident in my decision / Legacy 5.000 0.8944 6
recommendations using this system. Novel 5667 1.3663 6

k. Effect of system on communication.

Subjects rated team communication as more effective for the CCS than the legacy system. Independent t-tests
revealed that subjects rate the CCS as easier to use for communicating with team members collapsing across both
scenarios, t(10) = 2.7, p = .021 and the communication was more effective with team members using the CCS
system, t(10) = 4.3, p = .01. However, as mentioned and regardless of system subjects rated team communication as
effective.

1. Discussion.

Effective IT systems support teams in developing a shared understanding, allowing them to detect problems earlier,
and evaluate their options and provide the best care. We provide evidence that the CCS, designed using a cognitive-
system engineering approach, was effective.

In the November 2015 usability assessment, subjects using the CCS system with minimal training performed faster
on 6 information search tasks than an experienced user with the legacy system. They were able to find information
more efficiently than with the legacy system, because the CCS was both designed to support different views of the
information and to tailor views to different uses. In the validation assessment, this ability to find and share
information more effectively and efficiently enabled teams to evaluate more alternatives without increasing overall
diagnostic time compared with the legacy system.

In the validation assessment, team processes differed somewhat related to the two systems. Based on the timeline of
the two teams’ decision processes, one can see that the decision strategies were different and that the novel IT
system supported both teams. The resident with less overall experience came to the correct diagnosis with the novel
IT system in the same amount of time as the more experienced resident. Both teams used the IT system to share
basic information about the current state of the patient, what Wright and Endsley (2008) refer to as Level 1 situation
awareness. In combination with rounds that function to ensure that heath care teams have a comprehensive shared
understanding of a patient’s status (Level 2 situation awareness) and evaluate plans for future care, the novel IT
system supported option evaluation, problem detection, and decision making.

Consistent with naturalistic decision making research on experts (Klein, 1998), the more experienced resident and
team considered fewer options, and then evaluated each option until it could be ruled out. The resident with 4 fewer
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years of overall medical experience used the novel IT system to evaluate more potential diagnoses, which included
the correct one.

Our assessment results are consistent with Patel and Arocha (2001): Effective decision making in an ICU needs to
be supported to allow all critical care members (physicians, nurses, technicians) to gather and share information to
best support patient care. One team used the messaging feature of the novel IT system to broadcast and maintain the
larger remote care team’s awareness of this patient, while the other team was more select in their broadcast. The
novel IT system helped the teams establish a shared understanding of the patient’s status (Orasanu & Fisher, 2008),
engage in collective sense making, and supported all three levels of Endsley’s situation awareness model (Wright &
Endsley, 2008).

m. Limitations.

Clinicians participating in the study were assigned patient care responsibilities on the unit, except for days on which
the validation assessments were performed. This limited their availability but ensured everything was done in the
context of actual clinical practice. The project was performed at one site, and with two teams, which limited its
generalizability. The team has proposed further research at other sites in a follow-on project.

n. Future work.

The next step will be to transition the system from research to development. We are adding three features (data
entry, scheduling, and checklists) that our research identified as being essential to clinical work but were beyond the
scope of the initial project. Validating the system’s machine learning (ML) algorithms will make it possible to
identify patterns in data that would otherwise be unknown, such as trends, comparable patients and care regimens,
and the way clinicians use the system. The system will be proven effective beyond the ICU environment by
implementing it at another treatment facility. It will also be paired with other suitable systems (e.g., EMR, medical
devices, and databases) so that it can serve as a data integrator.

9. Machine Learning Validation and Use Cases

SSCI was initially responsible to develop the machine learning features of CCS. The purpose of the ML features was
to poll the electronic health records periodically to populate a data warehouse. The analytics software would review
those data to extract patterns based on user queries. The results would then be transferred to the CCS database and
used to invite clinician attention to patterns that would otherwise remain unnoticed.

SSCI developed a draft application-programming interface (API) for the data analytics module. SSCI demonstrated
their data analytics engine based on implementation of a scalable Bayesian inference technology known as
CrossCat. The engine could be hooked to generic databases, as well as a notional test harness that shows how the
engine can handle mock medical data. The engine runs asynchronously in the background on the 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. Unfortunately, our inability to obtain access to patient data prevented SSCI from developing
a machine learning capability that was customized to AISR data. Instead, SSCI developed a generic engine that was
intended to be quickly adapted to whatever data sets eventually emerged. However, with only very limited Essentris
data made available for development, SSCI has developed a technique to expand the volume of available data. This
technique was to create synthetic seeded patient condition data by using the CrossCat search engine. By inferring
the statistics of relevant data fields of relevant samples of data, we planned to use the engine to generate synthetic
data with known and relevant statistical properties.

Unfortunately, during testing, these methods failed to adequately use and adapt to the Essentris data eventually made
available, and SSCI was retired from the project. In Phase 3 the ARA ML team took a different approach that
recognizes, and addresses to, major technical challenges as part of the code solution:

1. Patients have a wide diversity of time-series data with sparse and uncertain entries representing a combination
of both medical interventions and patient responses. This complexity mandates a solution that incorporates
temporal models showing progressions of care and sensor readings. This is because instantaneous data cannot
accurately characterize the patient care trajectories needed to match similar patients’ care plans or provide cases
representing possible future states for consideration.

2. The operations must provide quick and accurate responses at scale. The objective system will consider many
patients dating back many years, some of which will have records spanning long time periods potentially
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including multiple (potentially even independent) treatments. The scale of the problem mandates a solution that
will handle the large existing database; accept, integrate/index, and classify new data from ongoing patient care;
and quickly identify best matches to support interactive queries from users.

The ML team created a new software architecture that could be more closely integrated with the CCS system and
significantly improved data processing performance (Figure 24). One reason for this is that this approach
synchronized and staged data by copying it from Essentris and storing cleaned and formatted data in a CCS database
where CCS could access data in more efficient ways. This approach maintains the restriction that CCS does not
write or change any data in Essentris, while handling the fact that data in Essentris is not structured or curated to
support complex analytic processing.
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FIGURE 24. MACHINE LEARNING ARCHITECTURE

Our approach combined ML analytics to analyze clinical records, develop models of patient/clinician interactions,
and provide users with decision-support information using the CCS Ul. Eight key components of the system are:

1.

Data Explorer

Data Sync, &
Staging

NLP Concept
Parsing

This tool analyzes the Essentris database schema and contents. To aid in exploration of
the data it extracts summary metadata. It outputs a .csv file containing meta data
without personally identifying information.

This tool synchronizes, cleans, and pre-processes key data from patient records for
staging analytics. It reads from the Essentris database, and writes to the CCS database.
It integrates with modules for data cleansing and parsing of notes tables for Natural
Language Processing (NLP) to extract key concepts relevant to patients at a particular
time.

This component parses free text notes entries in the patient data and extracts references
to identified problem-related concepts and generates event logs in the CCS database to
capture these. We analyzed the Systematized Nomenclature of Medicine -- Clinical
Terms (SNOMED CT) ontology, International Classification of Diseases 1CD-9/10,
but found that the most relevant problem concepts were elicited from SME support at
AUSISR. We currently search for 278 unique concepts, as well as linguistic variations
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on these terms.

4. Java Data Access This component provides structured access to data repositories. Because the data in the
Layer CCS database has been cleaned in the staging database this process is fast and reliable.
Additionally, no custom written queries are required, so changes to database tables

(such as versioning in Essentris) are data driven and does not require software change.

5. Real Time These components are used to directly support interactive features of the Ul, where
Analytics analytic capabilities (e.g., moving and windowed averages) and running of models
against active patient data (e.g., extracting clinically relevant similarities from cohort

recommendations).

6. Element These components read in-time series patient data and write out aggregations,
Analytics interpolations, and direct data analytic functions. ARA implemented modified
Sequential Organ Failure Assessment (SOFA) and 12 different Wellness Condition
machine learning models that are assembled to produce the Wellness Trajectory and

current Patient Condition data.

7. Sequence These components use ML to model temporal sequences where the ordering and
Analytics relationship of events is critical to interpretation and similarity measures. We
integrated ARA’s unique Event Sequence Alignment and Clustering (ESAC) and have
enabled the aggregation and extension of windowed-based similarity into full patient

stay similarity measures using alignment and clustering.

8. Similarity These components compute correlations between factors in the data to learn models for
Analytics cohort similarity and probabilistically predict future trajectories based on historical
precedence. We have developed three models for similarity with temporal windowing
using different feature weighting strategies: Simple Mean, Expert Directed, and PCA
Derived. These models include: statistical T-test models (tests if means and variance
are similar), slope/trend analyses (tests if changes are trending similarly), and integral

differencing (tests for space between curves).

9. Pattern Analytics These components bridge the semantic meaning of various data elements to identify
domain-knowledge-based similarities where content-only comparisons fail. This
component has been implemented for analysis only.

10. Metadata These components instrument the CCS ML system so that we can measure
Analytics performance, identify issues, and better estimate scalability and stability.

a. Use Cases
During Phase 3 we addressed three key use cases:

e Use Case #1: Identify possible discrepant clinician actions according to patient current condition and
predicted trajectory.

Addressing this Use Case requires analyzing historic patient records, developing models for quickly finding cohorts
for the current active patient and determining how patient and clinician events contribute to similarities in
trajectories and probabilistic outcomes.

Tasks include: Constructing a current patient model, constructing relevant and concise patient models and similarity
measures, learning models for most applicable cohort list, evaluating the cohort composition, and develop/evaluate
recommender for orders.

Patient cohorts are used to identify historic cases that may be of value for decision-making in the subject case. There
are many ways to cohort, and different methods result in different cohort compositions. Ideally, the cohort selection
process would be directed towards identifying cases to support a specific decision-making situation. We were
directed to analyze the raw EMR data, which was not labeled for any decision context or with examples of cohorting
from which to train our models. In this research, we developed 9 models assessing how similar a pair of patients’
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data is at some point in time, and how similar their stay up to that point in time is to others patient’s full-stay. We
believe there is benefit to each, and they are detailed below:

Window-based. We compare one patient at one time interval (8hrs), with all other historic patients at all of their
equivalently sized time intervals. This identifies the extent to which patient A at time A’ is similar to patient B at
time B’, for all patients and all time windows. This is particularly useful for comparison of immediate/short-duration
conditions. We computed windowed similarity by comparing available data in and near the time interval and
statistically determining how likely two patient’s values are to being drawn from the same population (incorporating
Student’s T-Test). The key factor in ML tailoring of these windows is learning the weights to apply to each feature,
we developed three weighting models: (1) Simple Mean — This considered each feature to be equivalent. (2) Expert
Directed — This model increase the relative weights for features indicated by an SME to be the most important for
cohorting. (3) PCA Derived — This model uses weights that were determined through a Principal Component
Analysis (PCA) to be the most significant for differentiating patient samples. PCA translates data into a
multidimensional space based on Eigenvectors (EVs), and our weighting of factors is determined by the most
significant EVs.

Temporally Aligned. We additionally compare one patient to another over the course of their entire stay in the
BICU, where similarity is computed between temporally ordered sequences of windowed comparisons (using any of
the above methods). This identifies patient history similarities and is expected to be useful for full admission
condition comparisons because it identifies the extent to which patient A has maintained similarity to patient B over
the course of their stay to date. We evaluate two methods for grouping: (1) Full Stay Aligned — Finds cohorts with
the most similar sequences of windows in order over time capturing overall similarity patterns. (2) Full Stay
Clustered — Finds cohorts who have joint similarity to each other based on windows and alignment finding groups
of similar cohorts and eliminating cohorts that are similar to one but not all.

Validation Results Summary: In the validation, we compared the effectiveness of each approach in terms of SME
recommended characteristics for cohorting: similar wellness points (Table 13) and similar slope of wellness (Table
14). These are driven entirely from physiology data and lab results (where available) which differs significantly
from the traditional demographic approach to cohorting. Our findings compare using weights based on SME
recommended features (which performs best) to simple mean unweighted and Principal Component Analysis (PCA)
derived weights. Details results are in Appendix AG.

TABLE 13. MEAN WEIGHTED ABSOLUTE ERROR TABLE 14. MWAE FOR WELLNESS TRAJECTORY
FOR WELLNESS POINTS FOR EACH COMBINATION OF SLOW FOR EACH COMBINATION OF WINDOWING AND
WINDOWING AND ALIGNMENT ALIGNMENT
. Window Full Stay Full Stay Window Full Stay Full Stay
P MWAE* | MWAE
oint Only Aligned Clustered Slope Only Aligned Clustered
Simple Mean 0.031 0.036 0.025 Simple Mean 0.006 0.006 0.010
Expert Directed 0.015 0.012 0.014 Expert Directed 0.003 0.003 0.005
PCA Derived 0.024 0.019 0.022 PCA Derived 0.005 0.005 0.007
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TABLE 15. THIS SET OF MATRICES SHOW PATIENT-TO-PATIENT SIMILARITIES FOR EACH OF OUR
9 COMBINATIONS OF FEATURE WEIGHTING AND WINDOWING/ALIGNMENT

Window Only Full Stay Aligned Full Stay Clustered

Simple Mean

Expert Directed

PCA Derived

o Use Case #2: Identify possibly worsening patient trajectory.

Addressing this Use Case requires aggregating patient data and modeling abstract wellness over time. This
information is to be used to represent the patient condition in the UlI.

Tasks include: Constructing patient and clinical action models, aggregate and quantify condition metrics from
patient state, recognize and predict inflection points in condition, and evaluation of predictive analytics.

Wellness is a subjective term and the degree of wellness within the context of a BICU is not an universally agreed
upon measure. There are several existing methodologies (such as SOFA and APACHE 2) that have been used for
manually quantifying the probability that a given patient will die based on historic cases in general ICUs. We
essentially developed similar measures using machine learning and other analytics and focusing on modeling a set of
historic BICU patients. Our methods are intended to be exclusively informed by and executed using available raw
health record data without human intervention.

Our ML approach for this use-case consisted of using the last two days of a patients stay as a representation of the
extremes of wellness. The final days of patients with the disposition of deceased were used as examples of an
extremely low wellness level (notionally 0.0), while discharged patients final days were assumed to have been high
wellness (notionally 1.0). We trained a set of ML classifiers on these samples, and performed 10 fold cross
validation on each model (see analytic validation results below). Each classifier used a different ML strategy and we
ensemble their results to establish the final Wellness Score for each patient for each day of their stay.

Validation Results Summary: We validated the implementation of this Use-Case with comparison to SME
assessments of wellness and Modified Sofa on five patients (
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Table 16). Figure 25 shows two patients with a range of error relative to SME assessment. Detailed results are in
Appendix AG.
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TABLE 16. VALIDATION RESULTS FOR USE-CASE #, SHOWING MEAN ABSOLUTE ERROR FROM SME

ASSESSMENT
Wellness Modified SOFA
Condition
Patient A 0.37 0.30
Patient B 0.38 0.40
Patient C 0.13 0.28
Patient D 0.07 0.36
Patient E 0.13 0.31
0.22 0.33
The ML model overestimated this patient’s Wellness The ML model assessed this patient’s Wellness

relevant to SME. This is due to low death rate in data. relatively close to the SME’s estimates.

s & 8
T

lllll

Wellness Trajectory Scare (11 ready for discharge, 0 is deceased)

Days Into Stay Days nto Stay

FIGURE 25. SAMPLE OF TWO PATIENT’S WELLNESS TRAJECTORIES FOR COMPARING EXPERT
ASSESSMENT (RED), MODIFIED SOFA (GREEN), AND OUR WELLNESS CONDITION (BLUE).

e Use Case #3: Problem List Summary and Decision Support.

Addressing this Use Case required detecting clinically-relevant concepts in the notes, particularly problems that
might be present in the patient.

During initial investigations into this Use Case for Phase 3, we identified two issues: (1) The Ul did not contain a
widget for manually labeling problems, and the data set we are permitted to use under IRB protocol would not
include active patients with such labels if they existed. (2) There were no encoded problem types in the Essentris
database. Instead, these data tend to reside in narrative form in clinical notes throughout the database. These
discoveries forced us to change how we go about implementing a solution for this Use Case.

Original Task included modeling “problems” with respect to known data models, editing problem labels/rules, and
evaluating problem labeling.

Updated Task includes addressing this Use Case requires parsing key terms from natural language notes fields in the
database, modeling the co-occurrence of these terms with trends/events in the patient data, and using this model to
recommend terms that describe observed patient data dynamics.

Problems are high-level clinically relevant concepts that reflect adverse states of patent, for example “Sepsis”. Our
Problem Recommender analyzes the clinical notes data using NLP and attempts to identify and isolate these
concepts so that they can be called out to the clinical care team. This is informed by a list of terms of interested
problems developed in concert with a SME.

Validation Results Summary: We analyzed the correspondence of problem concepts detected in the notes with dips
in the Wellness. Instances where the problem and dips co-occur will be marked as a positive correspondence. We
computed the ratio of positive correspondences to concept detections (CR) in Table 17. Details results are in
Appendix AG.
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TABLE 17. LIST OF PROBLEM CONCEPTS DETECTED AND THE RATIO OF POSITIVE
CORRESPONDENCES OF DIPS IN WELLNESS TRAJECTORY

Concepts Detections CR
(>day 1)

All Concepts 312 59.6%
edema 139 60.4%
constipation 65 64.6%
pneumonia 32 68.8%
diarrhea 29 48.3%
thrombosis 18 55.6%
sepsis 16 56.3%
arthritis 10 50.0%
hepatitis 7 57.1%
cholecystitis 5 80.0%
tracheobronchitis 4 50.0%
gastritis 3 66.7%
osteomyelitis 3 66.7%
pancreatitis 2 50.0%
endocarditis 1 100.0%
erythremia 1 100.0%
paraplegia 1 100.0%
sciatica 1 0.0%

serositis 1 100.0%

In summary, the ML capability in CCS offers innovative analytics that that show promise for improving diagnostic
and therapeutic decision making in the clinical setting. Despite challenges in data access limitations, noisy and
missing data in the EMR, and SME time limitations for labeling of historic data, this first-ever research study
demonstrates the potential for machine learning to extract meaningful patterns without the need for human
intervention for the three key use-cases of wellness trajectory, cohort identification, and problem recommendation.
Future research incorporating larger scale data sets and a validation that is more rigorous will help to make these ML
approaches more robust and better calibrated to SME judgments.

10. Transition Plan

In accordance with Task 3.5, CCS Clinical Implementation and Transition, ARA and USAISR have identified the
transition requirements and finalized the technology transition plan for the completed prototype CCS. On August 25,
2016 the AISR Task Area Manager, Dr. Jose Salinas, PhD. acknowledged receipt of the current CCS prototype as a
contract deliverable. (Appendix AH). The Transition Plan (Appendix Al) describes the further work to be done to
accomplish the steps needed to translate the CCS from a research project into an operational product.

ARA is in discussions with clinicians at the Mayo Clinic to explore the potential for combining portions of the CCS
with their AWARE program. The Mayo team has already linked their AWARE program with Cerner’s EMR in
civilian hospitals, making a commercial adaptation possible for the combined products. We also anticipate providing
Mayo with the opportunity to support the Military Health System’s needs for integrated clinical information support.

On August 10, we presented the project status and transition requirements to Defense Health Agency (DHA) and
JPC-1, the slides are in Appendix AJ.

11. Conclusions

The stated goal of this project was to develop a real-time clinical decision and communication support prototype.
The successful usability assessment in November 2015 and validation assessment in June 2016 confirmed that we

53



W81XWH-12-C-0126

have met that goal. The validation assessment showed that the clinicians preferred CCS to the standard EMR and
that the CCS (particularly the messaging feature) helped performance on many tasks. Data from the Phases of
IlIness Paradigm (POIP) study led by the Co-PI (JP) suggest that other CCS components, particularly checklists and
task lists, would be extremely useful when fully functional in CCS.

The next step will be to translate the CCS prototype into an operational system. The CCS prototype will require
additional development to meet functional requirements that were learned since the beginning of the project, and to
integrate it with the new clinical information systems being fielded over the next few years. This work, while
relatively small in scope compared to the CCS project, is critical to successful transition and fielding.

Completion of FDA Class Il clinical trials would enable the CCS to integrate fully as a component of the new MHS
Genesis EMR. The benefits to the DoD Healthcare system are significant. Using the new EMR through CCS would
greatly reduce the learning curve for access to and understanding of medical information, resulting in lower training
costs, and greatly reduce any time clinicians might need to learn the new system. CCS’s advanced communications
and scheduling capabilities would provide a common operating picture across DoD healthcare and save individual
hospitals from purchasing their own locally supported software to perform these functions. The CCS’ integrated
ML-based decision support would enable even the most inexperienced clinicians to benefit from the expertise of the
entire clinical network, reducing the potential for error, and the frequency of unnecessary or redundant tests.

The current version of MHS Genesis that is planned for deployment does not fulfill all of the requirements in the
MHS Genesis Capabilities Development Document. Incorporation of the CCS in Genesis would realize the MHS
vision.
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Appendix A. Book Chapter. Support for ICU Clinician Cognitive Work through CSE

7
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Introduction

Cognitive systems engineering (CSE) has been proven to be useful in reveal-
g key aspects of operator behavior as operators pursue goals in complex
work domatns, provading the foundation for the development of solutions
that are ecologically valid. Health care work settings, particularly the inten-
sive care unil, present one of the most challenging work domains for a
researcher to study. Cognitive engineenng methods (Hollnagel and Woods
1983; Woods and Roth 1988; Roth et al. 2002 Milstello et al. 2010) can be
applied to undersiand characteristics of complex work domains such as the
ICU as well as the behavior of workers Including clinicians and their sup-
port stalf. The use of CSE methods makes it possible to identify key tratts of
health care work settings, such as decistons clinikians make, obstacles cli-
nicians face, and initiatives they take to overcome these obstacles in their
efforts to restore patients to the besi possible health. CSE methods also have
the potential to enable workers to better undersiand their unit’s performance
and more successfully adapt to unforeseen challenges—in other words, to be
resifieat.

This chapter describes a project using CSE methods that is underway at
a burn intensive care unit (BICU) in a major military medical center. This
project will develop an ecologscally valid computer-besed cognitive artifact
(Hutchins 2002) that will support individual and clinical team decisions and
communication

—
Backsronnd

The study of health care relies on the use of proven methods by qualified
researchers. This is because work at the sharp (opemtorn) end of health care
= (among othor traits) dense, time-pressured, and complex. Expert workers
can And it difficult to be objective observers of their own activities and work
settings. Because of this, studying one’s own system may yield conclusions
that are logical but may also miss deeper tssues. Attenton in such studies
often focuses on a single theme while encluding the many elements that
mteract with each other to produce a collective result—its contoxt.
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For example, closed claims remiemos that conclude that error elimination will
remove “errar causes” ignore the complex pressured context that molded
each event. It assumes that a daim will contain all of the information that
needs to be Known about an adverse outcome. It also presumes o know what
caused that outcome, that it was caused by an “error,” and that its cause can
be “eliminated.”

Relrospective records revicw relies on historical documentation in order to
draw conclusions about care and its related risks. But records hold little of
the context, spaculation, deliberation, and complex trade-off decisions that
typically mold any significant ovont.

Voliastary reporiing systems have been soutod as tools to incorporato error
reporting and analysis into the culture of medicine (Plows-Organ etal. 2004)
However, volunsary reporting fatls to note how the approach s vulnerable to
social and organizational influences.

Clinical discussions of patient safety often review how effective a single
diagnostic or therapeutic intervention is without taking other factors into
account that would affect cutcomes in actual practice. For example, Shojania
et al. (2001) tested the use of a single itfem Lo prevent infections. 2 maximum
sterile barrier when placing intravenous catheters. Some clinicians attempt
to make system analysis casier by bounding the problem throu ‘g:i selection
and management of a single variable. Kvmmu ot al (1999), for cxample,
soughs to measure and reduce tho longth of stay in the emergoncy depart-
mont. Some clinicians have appliod methods such as workload assessmont
0 the ED, but thoy found that tho lovel of offort that is required makes it
difficult to routinely use it as a measurement ool (Levin et al. 2006). Others
have imported measures from other sectors to measure a single aspect of ED
operation. For example, France and Levin (2006) used the notion of “system
complexity” to determine safe capacity during care demand surges but con-
ceded that phenomena such as interruptions need to be added.

Research that does not adequately detect or understand these issues
diverts valuable resources into low-yield efforts. Research that reveals con-
text will grasp the constraints that shape opportunities and risks in practice,
curb the influenco of hindsight and outcome bias, and yiold valid solutions
that gain traction in actual work sottings (Woars and Nometh 2007). A cur-
ront intensive caro unit study provides an illustration of how tho use of CSE
makes that possible

I
Resecarch Design and Mcthods

Our research team is completing the fisst part of a three-year study to
develop a computer-based cognitive aid that supports cognitive work and
communication. While it is still in its early skages, it can serve as an oxample
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of CSE’s value in health care. We discuss the CSE approach in this chapter in
the context of cur work on a prior project that described quality standards
for how to conduct CSE rescarch.

Quality

Nemeth ot al (2011) described the use of CSE in 2 Navy-funded project that
demonstrated how to use the CSE approach in the context of the Deparemont
of Defonse acquisition process. The project’s results would be used by govern.
ment staff membors and contrackors who have no prior OSE training or expoe-
rionce. The approach needs to be used well 1o produce useful results. How
would the new users know what that Is7 The team concefved of “reasonable
scientific criteria” as a way to guide new users through CSE ina manner that
is scientifically rigorous and that links desizgn recommendations directly w©0
operator needs. Using steps in the CSE process, the team considered the goals
and activities at each stage, case studies from the literature that exemplified
each stage, and ways that performance and scientific rigor could be evaluated
at each stage. In order to do that, the team considered three questions:

» What roliability/validity criteria are important and reasonable o
apply to CTA data?

* What are the standards of practice, and what needs to be done 0
meet those standards?

* How cana rigorous process be areated and followed while also being
open w0 discovery with tespect o process and outcome?

Answers to these questions identifiad a set of quality standards for each
stage of the CSE process (Table 7.1 from Nemeth etal. (2011) that can also be
applied to research in the health care context.

In the section Research Process, we desaribe how the first three standards
have guided our efforts during the project’s first vear. The standards for
“Application: design” and “Evaluation” will guide our work in the project’s
second and third years.

Research Design

Our project’s goal is to improve patient care by better support of the judg-
ment of BICU clinicians and teams by developing a cognitive aid that assists
in decision making and communication. The projects three phases are
scheduled o tako roughly 3 year apiece for foundation research, cognitive
aid prototype development, and prototype assassmont. The firsk-year gnal
was to develop a thorough description of individual and team cognition that

will provide the basis for cognitive aid prototype development in the second
year as well as criteria for prototype assessment in the third year.
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TABLE 71
Reascnable Scientific Criteria foe CSE
CSE Stop Standards
LP ] Clear statements of
and framing ® [ssue or problem
* Framisg aCtvines outiooe

» Mothod, sotings, project particpant solocrion msenala
2 Enowledge Uso of mubipl knowledge clickation (KE| mothods
diceaton Useof interview and observation guides
Purpeseful sampling of participants and setiings
Qualifiad m;a::dngm collactors
Qualiry control protoccls (spectisad format to document data)
Masage the dual gquiremests for figor and Hanibilisy
3 Andyssand  Systematic, purposeful, and documentad analysis procoss
epraseatation Amnmmmmmnmnpwdsm&mms
analyss processos and muldplo passos th the data
membears.

Oualifing analysis team
Validity checks on
Coal-driven selection of qualitativo vorses quantkative analysis
Use of reliabeley indices
4 Ap[.uxm: Rerative aesagp-buﬁd-emm:e process
dosiga Subjoct master oxperts (SMEs) for crodibllivy chocks

Audit trail to connect data elements. to Bndings. 0 design

5 Evaluation Claar assessmant cnteria
Review evalustion results systematically and purposefully
Fualuasion methods mflect COpNITE componants, behavines
Outoornes reflecr cognitve and by oral issues citcal for cogritive work
Verify wheshor the desiga /changes improve poerformance

The five core team members are experienced in health care field stud-
ies using CSE methods and are bocated remotely from the research site. To
manage this, they retained a licensed vocational nurse (LVN) at the site to
" bhelp with the administrative aspects of research team visits. All data collec-
tion and human subject consent were carried out under the jurisdiction of
the medical center's Institutional Review Board (IRB), which reviewed and
approved the rescarch protocol. In advance of the team's first trip to the site,
the Co-Pland LVN cbtained the corsent of health care team membeors work-
ing in the BICU who were willing to participate in the study. Those who
daclined to participate wore excluded from obsorvations and interviews

Research Site

The research site is a BICU located in a new wing of a federally funded
450-bed terdary care military academic medical center. The 16-bed unit is
widely considered to be one of the best of its kind in the country. Two of
the ICU beds are reserved to serve as a postanesthesia care unit (PACU),
and ancther is dedicated to support the center’s extracorporeal membrane
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oxygenation (ECMO) progranm Other nearby units support the ICU, includ-
ing a step-down unit, dedicated bum operating om, and an outpatient
clinic. The typical census averages around 8 patients but has risen to as high
as 13 during our study period. This unit's role as a regional tertiary care unit
attracts patients who have the most severe affliction g'mn thermal, chemical,
mechanical, or electrical burns. It treats patients with burn-like diseases of
the skin such as toxic epidermal necrelysis, Stevens-Johnson syndrome, and
the autolmmune disorder pemphigus vulgaris. The unit also treats pationts
with infochons or trauma that causes oxtensive soft tissue damage or Inss,
such as nocrotizing fasaitis, sovero degloving injuries, and somo war-ralated
trauma. Patient length of s:ay ranges from days t more than 12 months.

Sample

All clinicians, patients, and patients’ friends and family members are poten-
tial participants in the study. By the end of the study, we anticipate that over
150 clinicians will be included in the sample. Subjects are recruited through
word of mouth in coordination with the BICU medical director and head
nurse. Patients in the BICU {or their legal representative) are asked at the
start of an obsorvation period to complete a Health Insurance Portabilicy and
Acrountability Act releaso bofore observation or interview. No clinical infor-
mation colloction or recordings are made in the prosence of any patient who
declines to complete the release. Patient medical data that are necessary to
clinical decision making are collected without protected health information
and are used only as examples of information that clinicians need to do their
work.

Methods

The study of human behavior requires repeated zamples to capture its rich-
noss, complexity, and variation. No method by itself can account for this
complexity. As a result, multiple mothods noed to be used in order to ensure
that tho account is validd and as accuraio as possiblo. The rosearch design
for this project relies on multiple methods o triangulate data collection and
analysis: observation, interviews, and artifact analysis. Companson of data
among all of these sources minimi zes the potential bias that a single method
may induce.

Observation

In-person observation makes it possible for the research team to witness the
phenomena of patient care and team collaboration in s#u. Informal probe
questions enable the researchers to request background and clarifying infor-
mation in the context of the situation. Observations can be used to study
the ways that practitinners porform diagnoses and propare, lzunch, monitor,
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adjust, and complete patient care. The research toam performs observations
at various Hmes throughout the day and evening to include a rango of cir-
cumstances and clinicians’ responses, Conditons can range from quiet rou-
ting to rapid changes. These can happen during the admission or discharge
of multiple patients, emergent conditions such as treating rare emergencies
like cardiac arrest or burn shock. and common emergencies such as treating
postoperative hemodynamic instability.

Observation alse includes informal interviews with clinicians as they work
in order to learn the bases for their decisions or apparent indecision, moti-
vations, expectations, and preferences that observation alone cannot reveal.
Ficld notes that rescarchers make during observation provide data for analy-
sis to reveal patterns a and across clinicians. Observations make it pos-
sible & describe the ways that individuals and groups cope with complexity
and uncortainty. Rescarch team mombers pay particular attention to hou-
ristics (rules of thumb), and clinicians have doveloped their oxpertso and
knowledge about individual and system performance, how they use systems
such as the electronic health record, mental simulations they perform, and
how they assess outcomes. The research team also watches for how the unit
members resolve discrepancies and conflics, negotiate trade-off, evaluate
the credibility of data and information from others cutside of the uniz, and
mentor and coach junior members.

During the first visit, team members visited the unit for five weekdays dur-
ing the day shift (3800-1600). The team scheduled regular observations on
the ICU to avoid interfering with clinical work. Subsequent visits to the site
also covered evening and night shifts.

Structured Inforviews

Cognitive task analysis (CTA) interviews are used & olicst knowledgoe from
clinicians on their background to leam paint of view, work activities, infor-
mation sources on which they rely, and reflections on the challenges they
face (Crandall et al. 2006).

Artifact Analysis

Clinicians use cognitive artifaces to capture and share information (Hutchins
2000). These include hard-copy printouts such as sign-out sheets, white
marker status boards, and diagnostic and therapeutic equipment displays.
They also include personal notes and related items that individuals find help-
ful, which are not part of the formal information ecology. The research team
is collocting de-idontifiod oxamples of thoso artifacts that aro maintained by
and for tho group, as well as artifacts that individuak crezte and 1se in thor
work. Both formal and informal artifacks help o undorstand the inventory of
information that the unit dovelops and uses, which will suggost the contont
and flow of information that this project’s prototype will help 1o manage

63

W81XWH-12-C-0126



W81XWH-12-C-0126

130 Cogritive Systems Engineering in Health Care

Research Process

The team began its work by conducting orientation interviews with selected
clinicians at the research site. Quality standards described in Table 71 that
wasresery  guided our work are shown in italics. The interviews sought information
Satie 71 Wen e about the BICU in order to devclop an intorviow guide that would be used
et ™= 10 organize data collection offorts during field visits. This enabled the scam
to devclop clear statements of the issucs and challenges and the outcome
of framing activitics. Using these, the team could create the rationale for
method, settings, and selection of project participants at the research site
Four one-week data collection visitss were conducted at the research site every
nther moenth, relying on quality control prosocois 10 document interviews
and observations, and crss-check the content of data records. Purposeful
sampling of participants and settings ensured validity and reliability of the
data that were collected during each visit. Each cbservation period lasted one
week and was followed by a refractory period, during which the investiga-
tors reviewed notes, recordings, and artifacts. Data analysis results were also
used to revise plans and interview guides for later data collection efforts.

Dafa Collection

A team of four qualified, prepared data collectors traveled to the siie for the
Hirst data collection visit. They conforrod with the Associate PI (located at
the research sito) on ICU consus and plans for clinical activity. Using mul-
tiple KE methods to support findings consistency and comprohonsivoness,
they conducted CTA interviews to account for each role in the clinical care
team. They accompansed the clintcal team on daily rounds each morning,
which were typically held outside of each patient room. During the trip, the
team managed the dual requirements for rigar and flexibility by following
interview guides, vet taking the opportunity to shadow participants and ask
probe questions when the occasion presented itself. The team collected data
firsthand by cbserving the phenomena that occurred while clinicians pro-
vided care in the ICU, using the CSE approach to describe the ICU as a work
domain and to sccount for individual and team cognitive activitics. They
also collected de-identified examgples of computer-based and hard- copy arti-
facts that the staff use in their daily work.

Rounds were recorded using a handheld video camer to capture team
interaction and artifact use and were do-identified using a video-oditing
software Rocordings were made for fFuture reforence on how team members
uso and sharo information, including reforence to artifacts such as sign-out
sheots and task lisks. When clinicians intoracted diroctly with the pationt,
the team used audio recordings to capture how informatton was shared. No
video was taken of the patients, When clinicians had time available, two ream
members conducted a CTA interview following the interview guide that was
devdoped in the initial six months of the project. If the dinicians were not
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available during the scheduled team visit, the on-site resoarch nurse would
help o arganize the interview, and the core team members would participate
remotely.

Data Analysis

Data are evaluated using goal-driven sefection of qualitative vs. quantita-
tive analysis to extract patterns and themes, The research team gathers for
data analysis meetings roughly a month after each data collection visit I‘he

W81XWH-12-C-0126

team has experience to detect and elicit patterns through a systematic, pur- sn. m :ﬁ.
,and documented analysa process. Analysis sessions make possible = v N
tl'wmaghtimo what matters in the research setting and why it matters bv-ﬂ'-s seite

performing checks on findings credibility, consistency, comprehcnstvms,
and contrality

Team members propare by roviowing the data collectod from the most
rocont visit b onsure that cach momboer has a current accurate rooollection.
This may also include organizing the data and checking o0 make sure that
they arecomplete and ready o be analyzed. Members assemble asa group in
2-3 day-long sessions over a week to discover what the data mean by looking
for central questions, issues, and themes. For example, the interview guide
sought information on how team members manage work flow. Data analy-
sis discussion explored observation notes and interview responses for items
related to workflow.

The analysis sessions are intense sense-making exercises that use multiple
analysis processes and make mulkiple passes bhrough the data. Qualified
team membaers use intorviow notes, obsorvation notes, and artifacts to find
pattorns and themes in the collected data using reliability indices such as
intercoder reliability (when and if thoy are appropriatc). The team also looks
for related themes, such as whether there is evidence among the data that
show how the clinicians identify and recondle goal conflicts or resolve
agendas that do not agree. Team members suggest themes or patterns that
spem to occur (n the data Others challenge, modify, or add to the discus-
sion o ensure validity checks on findings. Team members create diagrams,
tables, timelines, and storyboards and use other visualization methods to
pose, assemble, and reassemble refationships in order to recognize possible
patterns among and across data. During these free-flowing exchanges, new
insights rapidly evolve and take the team to a new level of understanding,

Keeping track of the logic trail during these sessions can be a challenge.
Maintaining the logical connection from data through analyses matters,
bocause cach of the roquirements that the analyses eventually produce must
have a deliberate lnk to tho data from which thoy were derved. To keep
track of theso relationships, the toam keops notes that mamntain an audit tradl
to connect daia elemoents i findings to design elomonts. Without this struc-
ture, it 1s easy to disreganrd the data, producing a result that is not a set of
findings but rather a collective team impression.
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By the end of the analysis sessions, the team has deepened their under-
standing of what they know about the work setting and what ocours there.
They also have a clearer sense of what isr't known yet and needs to be
included in Lh;ﬂphn for the next sile visit. Later in the year, further analy-
gis work will code and analyze all interview and observation data to detect
themes and barriers and produce requirements for the prototy pe.

Limitations

hodest project funding made # necessary o study one site, which limits
its reliability. The research seam was not available on the unit continuously
during the szudy, making it difficult w0 observe momentary changes in unit
activity such as clinician responses to codes. To mitigate that limitation, the
research nurse was available at the research site to collect data in the perinds
between research team visits,

.|
Prelimirl:lr]r Findinﬁ:

wWhile the project has only been underway for a brief tme, the first data col-
lection and analysis sessions made it possible w describe inidal findings thae
include unit aceiviey, the network of care providers, and information sounces
on which the clinicians rely. These elements amount b an initial inventory
of the work setting that the team can build on during subsequent site visits.

Unit Activity

While many activitics ococur on the unit through 24 h, Table 7.2 shows the
wessongial ovents that occur regularly cach day. Those who are involved in
thoso activities and the information resources thoy use to perform them start
to flosh out a description of the unit.

Theoueh the evening, the Bedside rarse and resident boch monitos and ooca-
sicnally provide medication to the patient assigned o their care. From 630 to
00 am., the residents and medical students examine the patients and prepare
for formal multidisciplinary rounds. The Assistant Chief Murse and oncom-
ing bedside nurses hold a safety huddle. Off-going and oncoming bedside
nurses reviow their patient’s condition and conduct a handeff. The ICU Chicf
Murse reviews the unit population and resource needs, and the unit dietican
reviews pationt nutridion plans. At 8:00 am., the general rounds begin and
can last up b twio or more hours depending on a number of factors inchud.
ing unit consus, pationts’ condition, and Hime pressure. Froom 800 a.m b 2400
pm. patients are showerad, receive care for thedr woumnds, or are taken to the
neathy operating foom procedunes such as tissue debridement, skin grafting,
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TABLE 7.2
HICU Schemetic Timeline—Weckdays
Time Activity Participants Information Kesource
000 0643 Pationt Bodsido nusse; resdders Pationt monitors
oocasional medication
BM-0ax Fattenit exasy, rourds Resadent, medacal stadens Sezn-out sheer; patent
propantion haalth rocord (PHR),
wound flow,
faclology images,
patiant moaliors;
bedside nurse,
off.going rosiders
(RS 070 Safory hisdédla Asststant Chiof Nerse, Fomoeal sotes
oncoming bedside murses
Cro0-ea Bedsale report and Off-gomyg bedside farse, Pattent wonmors
physical ascesmont oscoming bodside aurso
Ly IC1LT awsd Asssiant Chiof Nurse Fomneal sctes
(TO07% Meabolic assassmant Mieteian Fxeel fila: PHR
0500 Fatien munds Insensivist, bum surgacn, FHR
fellow, resident, bed=ide
nurse charge nurse. medical
Student, respiratory
L 000y
therapist. socal worker,
dictician, psychinirist
0800 140 Shower, wound care Bodsido nurse, wound came Wound flow
team: RN and INN
0500-1400 Medicatons Badsude nurse
0500-1400 Surgertes Bum sungecn, OR sam Shadow Chans
~1400 Patlent eaan Residew
12001300 Lectum Staff ok , surgical and
medical residents, medical
sucdents
~1500 Afeenoon munds
1530 Plan for wound care Chasge nurse, wound care 4T assignments shect
tha next day coorr nasr
and reconstructive . The remaindor of the day includes a lecture for

residents/medical students, the resident examination of his/her patient, brief
afternoon rounds to review what has been completed from tasks assigned
during morning rounds, and an informal dscussion between the wound care
weam leader and the charge nurse to decide patient plans foe the next day.

Network

Patients on this BICU typically need care by a variety of specialists, requiring
axceptional planning, coordination, and ability to work together. Table 73

67



W81XWH-12-C-0126

134 Cogmitine Systeris Engineering in Health Care
TABLE7.3
BICU Patient and Fatient Care Staff Roles
Bedside Patent Autending Bum Licensed
Patiant Nuorse Family Intensivist  Surgeon  Sodal Warkere
Hoad rvamse Occupational  Rospiratory Rosiders Modical  Clinical aurse
therapist therapist student specialist
XU nurse Psycidatin Uste derk KU hasge Phanmnacist
nursc director nurse
Stafl poychiaenic
Ursa practkonsr

depicts many of the roles that need to collaborate to create and manage a
feasible plan for patient care across multiple shifts through the week and
the weekend. The roles range from the bedside nurse, who serves as a pri-
mary care provider and kind of the gatekeeper for patient care by others,
to primary care physicians such as the intensivist and burn surgeon, and
care specialists such as the respiratory and occupational therapists, those
who care for members of the health care team sucﬂas the psychiatric nurse
practitioner, managers who assist with planning and oversight, and hospital
employces off the BICU such as the pharmacist In a unit that involves as
many team members and spedaltios as this BICU, i can help to focus ona
single most important oloment of the work domain. In this unit, the badside
nurse is closest tn the patient and can serve as a focus of attention for the
researcher tounderstand crudal working relationships. Figure 7.1 represents
the 31 working relatoonships in our data that the bedside nurse maintains
in daily practice. Among all of these roles, the bedside nurse interacts most
with others on the nursing staff, the patients’ family and friends, physicians
(including physidans of different levels of training and of different special-
ties), rehabilitation/occupational therapy technicians, and the dinical lab
and bleod bank

Information Resources

Prior work by researchers including Xiao of al. (2001), Wears ct al. (2007),
Nemeth ct al. {2005), and Bisantz ct al. (2010) has described the roke of cog-
nitive artifacks (Hutchins 2000) in the health caro sotting. Thoso artifacts
wciude physical items that aroe cithor personal fo.g, a sign-out shoet or note
on a scrap of paper or informal and used by a group (e.g. marker board) as
well as electronic information displays that are Iocal (e.z, equipment infor-
mation display) or distributed (eg, informacion system display; electronic
medical record). Figure 7.2 depicts many of the artifacts that the staff relies
on to perform individual and team cognitive work each day.

Databases and interfaces tv manage them include the PHR, outpatient
record, blood glucose management, laboratory culture, nurse scheduling,
and radiology images. While used in concert, many of these systems are

68



W81XWH-12-C-0126

Support for ICU Clinician Cognitive Work thronght CSE 135

Chaplan CET norsa

352 mans par Woduntears
Charpe nurse Vilors/digitaries
MoEsing stad
=ech
Infection coatrol Famnily.'friends
Ward u'urh:r Emu.r.i:]'
I-hu-d.:rl.lr:l Adminictrative chisf noma

Ward clork _,r-f B“"’-‘"““"“ -'--- Racialogy

Fateni / \ Physicizns
Compuier sLrT Beikside nurse ([0 reps)

Labibiood bank Resparaiory therapist
Diccupatioral tserapis:

-

naidcan
PRar sy
Remarchers

AGURE 7
Indtalrepresamtation of bedside nurse work relatdonships. (Copyrighi © 2003 Applied Research
Associates, Inc)

actually soparate. This separation requires care beam members 0o tako oxira

steps and make femporary hard-copy nobes o ose and trarsfer informa-

ton among systems, Cther informaton resources bevomd databases include

white boards, a daily wound case plan, visal signs flow list, email cell phore

poster, landline phone oseer, resident sign-out sheet, and a charge mirse
checklist. The strong emphasiz on research at the project site has made it

possible for clinicians to develop their own formal electronic information

sources in addition to the hard-copy artifacts that may be found at other

health care locations. The Wound Flow software program makes it possible

to identity the location and condition of tissup injury and skin grafts. An

Excol file that the unit dietitian has doveloped makes it possible to aocurately

track tho quality and amount of nutrition that is crucial for bum patient
meovery. The Burn Rosuscitation Decision Support software onables the statf me oy

L] EIC'E‘I.llEI:ﬂI'I." manage fluid resuscitatinon duning the critical 44 h following D0
a significant bum injury. The solston that this project creatos will need i e e
brimg these various parts of this information ecology (Nemeth et al. 2008) ........HE:."".;.
together In order to form a cohesive whole for the undt © use. We expect saces
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that using the cognitive aid will enable the unit staff to work together more
effectively and efficiently and, as a result, improve patient care effectiveness
and puroDmMes.

Cognitive Work

An initial review of the data indicates that individuals and teams perform a

number of macrocognitive (Crandall et al. 2006) activities, which are summa-

rized in Table 74. The staff performs rewerk through bridging and work-around

strategics to link systems that don't talk to each otherin an effort to ensure infor

muation continuity. For example, the ABG unit is not connected to the database

for the electronic PHR. [See Chapter 6 for additional examples, and a

model, for tracking ways that information s maintained throughout health

care systems.) The dynamic activitios on the unit require megotintion houdy/ by Ziecues
shm/daaly among ndividuals, spocialties, and those who have difforent lwolszg-"“ g T

of exportise. Allacatior of resources requires plommng ana repiannmg among and
across patienes and specialties in enticipation of the patient status and needs, ,zmm

and how to meet them thmugh preparation and participation In evenss. i e
S g
TABIE 7.4 gﬂmw?
Emergent Themes for Cogaitive Work of Burn ICU o
I heme Definition
Rowork Reudging and work-amviad strategiss to lisk systems thas doa’t talk 10 cach
mher.
Informeton Arterial blood gas (ABG) does/deesnt connect to electron FHE. Aa
continety addsonal velume noods to ba croated $or a very loag term caro pationt.

Nagotiation Among iadivideals and care spocialtios, tcam marbor levels of knowladgo
and axpertise are dynama:, which requires negotiaton by the hovr, shist,
and day.

Scheduling Planning and roplannisg amoag and acmss spochalides

Anticipation Pations status, noods, and how o moet thom; proparation and particioation
in avents.

Ceardination Collaborzton requares EXPIEssion of SXPAIAHONS. PROCRLZEHON,
agrosment, and morukmen/transfors.

Chdécaton lnquuymsaanklns,msmu\dh&m driva dowe lovels of
uncerainty and reach an acceptable level of confidence.

Eesources Access, availabiity, PRNEASSION, POOVISION, prepamtion, authority,
centiflication, and we relied to equipment, medications, and supplics,
Txlms Assignmant of ICT team mombers (o best masch pationt naeds; based on

ndividual abilities and experience and weam needs.
Cross<checking  Idantify, confimm, asd conrect mfocmation; problem detection, which may

create drag in compledsg care activities.

Tracking Account for what needs 1o be done, wbeﬂlexlhasbemcmykf«!.md
what 1emains to be done.

Gaps The ability some more eperienced team members Nave o suspact

somcthing that is nesded Is missing,
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Cellaboration requires the expression of expectations, prioritization, and
agreement for staff member recruitment and patient transfers. In order to
reach threshold of confidence with which they are comfortable, staff mem-
bers clanify through inquiry, sense making, and seeking common care by
reducing uncertamnty. Useo of resources such as equipment depends on its
availability as well as permission, provision, proparation, authority, and any
required certification to use them. Those traits fit what Cook and Weods
{2002) have described as the “technical work” in the context of health care.
Tusking assigns ICU staff members to best matwch individual abilities/expe-
rience and team needs © meet patient needs. Through cross-checking, the
staff detects problems and identifies, confirms, and corrects information.
Their tracking effocts account for what needs t be done, whether it has been
completed, and what remaxm to be done. Staff members with the greatest
expertise are able o see “gaps,” which are, in effect “what isa't there” but
should be.

Challenges

A number of work domain issucs shown in Table 75 can detract from the
time and offort that could bo dovoted o pationt care Our projoct toam con-
siders each fssue from the viewpoint of whether the cognitive aid couid help
to elther mitigate or elim inate them. Nurses fill gaps in the limiad arfente-
tion that residents and float (off unif) nurses recetve, which takes time from
patient care. Due to ligs in mforesation timing of information on labs and
blood cultures, staff members need w rely on verbal orders (referred to as
“on the sly”) that are not fully socialized or shared and can result in care
delays. Bedside nmurses reconcle conflicts befwoeen patient care needs and tech-
nology protocols, guidelines, policy, and regulations. Procedural driag results
from the need for transcription and work-arounds due to system organiza-
tional gaps. The need for clinician reliance on memory provides the researcher
with a marker for failure, as technology fails to support the needed work.
The long-term siory of #he patient/big piciure s lost, bocause trend information
and understanding aro st or degraded over a Iong torm of care. Kelurce
o verbal exchanges makos the flow of informasion poroas, brittle, erratically
shared, and loss reliable. The authority gradient betweoen junior and moro
senior staff members encourages passivity with regard o concerns and
impedes sharing. Commen grownding aecumcy suffers from underspecifica-
tion, requiring confirmation, verification, and clarification. It is not always
Clear wiw fus the “Con?” (has the lead) among spedialists during procedures
when care quality is high, but no individual takes accountability to assure
results. Thring issues can result in poor coordination and stale information,
such as when a procedure was performed. Without salience to bring it to the
clinician’s attention, imporiant patient information such as “stat” orders is
lost in homogenous ‘information displays. Software wsabilityfaccess/uscfulness
issucs result in difficulties in being able to use it having the knowledge it
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TABLE 7.5

Emergent Themes of Barriers and Challenges to Effecttve Care

Issue Definition

Limited urlentaton Residents and float RNs recelve llmited orlentetion to the unit. RNy
provide ardeneation, which takes Hma frvm patiant cam

Tags in information,  Reliance on verhal oeders “on the sly” (informally) that are nod fully

mresd iations, Jabs, soctalized or shansd, creates consistent care delays.
and blood

Fodsido mursa Tathnlo&y progoncol, puidelines, policy. mpulatines, and pationt cam

reconciles conelics needs requine chokes % be mace

Frocsdurel drag The nzed to create work-arounds and bridging tactics to fill the zop
botwoen incompatblo systoms slows down woek officoncy.

Relianos on memory  Tachnology fails fo support nacessany work, causing dlinicianc to roly

as @ faflure marker 00 MemOLY FOF COMtNUILY (€§., ATHON 182Ms not compieted by
aftemoon rounds not carriad throwgh to the naxt day).

Story of the patient/  Incremental views of paticet status a0 notsynthestzed into a whole

D puciare 5 lost picure; paniouiar concern $07 patients in BICU for exiended penods.
Kellance on verbal Infocmation Sow 5 porous, brttie. noe shaned, or relszble.
avchanges

Authoery gracions Encourages passivity with raspoct t0 exprossing concems.

Common grounding Usdor spndﬁmum, neads for ronfinmation, verficatioa, clasificaton
A0CUACY all affect ability of clinicians to devalop consensus.

Acwr/wiwhasthe  Numerous well-qualtiied Clisical spaciaities collaborate but ladck of
“Con?” clrity regarding who is lcading a particular procodum o g, ECMO).

Timing, Lack of synchmey can msult is stale indoemation (@ g, whea the
procacure was performed).

Salence Greet ded of tefonmanon thee 1s presented homogenously.
Information that ks most relevant &s difficult to fisd (0.5, "Seat™
orders are not evikient.

Usability / access/ Systems cannoe be used Without raQUIsite opemior Enowledge. cenain

uscfulness access requirements.

Organizasonal Compliasce with administrative reminders detracts from pasient carc.

155u6s = drag

requires o use #, and being able to enter data accurately. Compliance with
ovganizational issues such as administrative reminders creates drag for clini-

dan efficiency.

[——
Discussion
The ICU Work Setting

ICU patients present clinical teams with unique challenges and complex
combinations of lifo-threatening injurios and illnessos. Care for this pationt
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population 15 necessarily multdsciplinary and includes many special-
Hes. Care providers across these clinical areas must collaborate o develop
treatment plans, assess progress, and refine or change weatment plans and
miades.

Clinician decisions are only as good as the information that is available
when they are made. The daily work on the unil requires representations
that serve as a map of the ever-changing environment of work that must be
successfully navigated. Clinical teams that care for ICU patients in the mili-
tary health care systom encounter these challenges as they make diagnostic
and therapeutic decisions and share them with colleagues. Decision-making
difficulty increases as the number of pationts and tho soverity of their condi-
tions increase. Complodity grows as the number of care providers scoks to
mako their own unique contribution toa pationt’s cano

Pationt care activities rely on the acquisition, portrayal, and analysis of
therapeutic and diagnostic information fiom many sources. This creatos

a complex work setting that 1= composed of mulHple independent apents,
All inkeract in various ways according wo inconsistent rules in an attempt to

adapt tr changing conditions. Because of this, the organization's owtcomes
are unpredictable, but they often follow prediciable patterns (Plsek and
Greenbalgh 2001,

Crther ethnographic studies alse revealed insights into acute care settings.
For example, Fackler et al. (2009 used CTA to identify cognitive aspects of
critical care practice in two academic I0Us and identified broad categorics of
cognitive activity: pattern recognition; uncertainty management strateic va.
tactical thinking; team coordination and maintenance of common g
and creation and transfor of meaning through stories. Anders of al. 2012
used a simulabor-based ovperimoent to evaluate ICU nurses' abiliky to debect
pationt changes using an intograted graphical information display (1C1T0D0
compared with a conventional electronic chart-style 1ICU patient Informa-
tion display. The study found thae che 32 ICU nurse samples reported more
important physiological information with the novel IGID compared with the
tabular display and concluded that informarion displays should accomamo-
date the diversity of those who are intended to use it

Movak et al. (2012) found that medication administration intersects with
other organizational routines, and IT-enabled changes to one routine lead
to unintended consequences in its intersection with others. Introdudng IT
can be improved by nurses who provide tochnology-use mediation bofore
and aftor the rollout of a new healkh IT systom. Their offorts can help othors
0 bettor understand the relationship botween 1T introduction and changos
in rowkinoes.

In addition =0 nperational complecity, our research into reportng health
care adverse events using CSE methods (Nemeth et al. 20061 has also revealed
fechnical, social, political, and legal forces. Each Influences acute care set-
tings such as the 1ICL, which are tvpically uncertaln, interrupt driven, satu.
rated, and contingzent.
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Wncertain: Clinicians must treat widely varying patient populations. Time
pressure can force dinicians to make decisions based on information that
can be insufficient or ambiguous. Feld studies using CSE methods can dis-
cover initiatives that clinicians have developed to minimize uncertainty.

Interrupt driven: Interruptions create breaks in dlinicians’ task-oriented
work (Chisholm et al 2000), and when they occur during diagnosis and treat-
ment, they can degrade or defeat attempts to treat patients. Work domain
study using CSE mcthods can idontify gaps in care continuity, detoct how
clinicians allocate limitod attontion resorves, and produce tools such as cog-
nitive artifacts that maximize patient care opportunitios.

Saturated: Facilitios and staffs typically run at or near capacity. With littlo
margin of time or resources & spare, cliniclans have w0 develop strategies
to cope with variations in care demand. Work domain studies using CSE
can reveal discontinuities that exist in the march between resources and
demand, such as late shifts, and unexpected surges in care demand.

Contingeat: The process of care depends on the patient, including present-
ing symptoms, documentation of history, response to therapy, expected tra-
jectory of treatment, compliance, and more. CSE methods can be used to
discover how care providers create, monitor, and adjust multiple contingen-
cies in order to achieve as satisfactory and expedient an outcome as possible
for patients.

In addition, distraction, complexity, remote influcnces, and consideration
make health care human subjects research a particular challenge.

Distraction: Many activities a re performad by a variety of clinicians in the
vicinity of each other. This makes it easy to be distracted by phenomena that
are not necessarily key features of the work domain.

Complexty: Acute care settings have many complex activities that occur at
the same time. This is particularly true in an ICU.

Remote influences. Care team members can be distributed across various
locations and across time. Not all activity that matters occurs within view or
in the immediate recall of those whom the researcher interviews.

Consideration. Patients in the BICU are typically fragile as a result of some
trauma. This calls for the researcher to have an adequate sensitivity to care
providers, patients, and the patient’s family members.

All of these influences form the context in which clinicians perform their
cognitive work. The CSE approach makaes it possibke to describe the domain
and individual and team activity in # to transform findings into require-
ments that sorve as the basis for a prototype cognitive aid.

Communication among Care Team Members

Team communication creates, and is created by, the work context. CSE can
be used to reveal the context and worker behaviors that kead to underssand-
ing communication needs and how t support them. This contrasts with
the more traditional information engineering approach that assumes that
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understanding comes simply from the faithful uninterrupted transmission
of data (Feldman and March 1981; Swohl and Redding 1987). Care provider
expectations differ on communication content, form, refevance, and value of
its completeness.

Interventions based on CSE methods can benefit team communication. For
example, Grome et al. (2009) found that co-creative development workshop
helped susgical team representatives to create and adapt preoperative brief-
ing content and structure, as well as measures to assess the briefing’s effect
on tcamwork, communication, and patient safoty.

The sritey Nemeth and Cook (2013) used CSE to identify barriers that can erode

comgomy i tho quality and rcliability of health care communication that this project

ot incheclac in

tarctonecs  2ddrossos.

&&.’“m Difficulties m cormmienication. Health care and the information that s neaded

ralerancos o provide it are typically complex and demand accuracy in order to avedd
misinterpresation

Coufusion of respousitdlity. Interwoven relationships among care provid-
ers, units, departments, and institutions can result in confusion over who is
responsible for a patient’s care

Lack of, or vwrialie avaiability of, good information resources. Even with sophis-
licated information technology available, system failure or incompatibility
can result in images and reportsbeing mish{eled, misunderstood, swapped,
late, misidentified, or unavailable.

Work cavironment pressures. Care provider efforts to cope with workload
demands and time pressure can resulk in a kind of “shorthand” that odits
information in order o be officiont.

Lack of stiandards or frainmg. Clinical spocialtios and insHtutions can vary in
the way they go about practices such as handoffs, resulting in the potential
for misperception.

Aptitude. Patieres and family members may find it hard wo understand the
information that is conveyved through written, verbal, and graphic health
care communication.

Attention. Understanding and context are essential to effective communi-
cation. Simple transmission (e.g, a “data dump”) does not guarantee that
others understand what is provided or can correctly put it into context.

Attitude. Clinician empathy may yield a number of benefits, including
patients reporting more about their symptoms and concerns, increased
physician diagnostic accuracy, patients roceiving more illness-specific infor-
mation, increased pation: participation and cducation, increased pationt
complianco and satisfaction, groator pationt enabloment, and reduced pationt
emotional distross.

Reader et al (2008 found that team structure and individual roles and
stature have significant effect on ICU communication, and a difference in
status appears to tnfluence how communication s perceived. The “authority
gradient” barrier menticned in Table 75 may be related to this issue.
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Through the use of CSE, the cognitive aid that this projoct produces will
need to help the ICU staff to overcome these potential barriers.

The Role of CSE

The use of CSE methods makes i possible for the researcher to “getin” at the
righe level of detail. Too general a study will miss the nuances and refine-
ments that clinkcians crease inorder tomake theirwork possible. Too detalled
astudy may collect great amounts of data but will also miss the broader pat-
terns that make insight possible. Studies of swch a complex domain require
repeated visits in order o reveal the deeper aspects of what occurs. These
are what have been referred to as the “messy details” of technical work
(Nemeth etal. 2004). The researcher needs to kearn about real-wodd se

that involve the organized activities of daily life (Carfinkel 1967). Real-wor
settings are stubborn, though, and do not easily reveal themselves (Blumer
1960).

Rescarch can be basic (a scarch for general principles), applicd (adapting
general findings to classes of probloms), or clinical (related to spocific cases).
Mast design research is clinical because time and budget allow for little else
(Friedman 2000). CSE methods can be used o negotiate the gap between
applied and clinical research

CSE in Heallh Care

Recent work on collaboration has produced distributed cognition and joint
cognitive system models that can g: used to better understand health care
as a collective enterprise. The use of CSE to identify and describe all ICU ele-
ments, including clinicians, information, and artifacts, can identify system
gaps. Addressing gaps can lead to authentic improvement in performance
and cutcomes. For this reason, CSE s particularly well suited to the discov-
ory of phenomena in complex real-world scttings.
Moy Dseributed cognition (Hutchins 1995) 1s the interaction of Individuals,
smabcucc  artifacts, and the environment. Practitioners must rely an this to prevent the m_
i s formation of gaps in the continuity of care (CooK et al. 2000) This includes Ioowests i
Pt v transiers betvreen departments, wock-cycle shift changes, and information e s e &
© exchanges among professionals from different fields of practice. Clinicians at zwfm
in an KU comprise a joint cognitive system that can modify its behavior
and decision making on the basis of experience in order to maintain order
(Hollnagel and Wbods 1983). The daily work of the dinician requires rep-
resentations that serve as a map of the everchanging environment of work
that must be successfully navigated (Rasmussen et al. 1994). Individual ele-
ments of information vary enormously in tho length of time that thoy are
reliable, and their value depends on their context What is ropresented and
how it is representod should dopend on the cognitive work it is intendod o
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Through the use of CSE, the cognitive aid that this projoct produces will
need to help the ICU staff to overcome these potential barriers.

The Role of CSE

The use of CSE methods makes i possible for the researcher to “getin” at the
righe level of detail. Too general a study will miss the nuances and refine-
ments that clinkcians crease inorder tomake theirwork possible. Too detalled
astudy may collect great amounts of data but will also miss the broader pat-
terns that make insight possible. Studies of swch a complex domain require
repeated visits in order o reveal the deeper aspects of what occurs. These
are what have been referred to as the “messy details” of technical work
(Nemeth etal. 2004). The researcher needs to kearn about real-wodd se

that involve the organized activities of daily life (Carfinkel 1967). Real-wor
settings are stubborn, though, and do not easily reveal themselves (Blumer
1960).

Rescarch can be basic (a scarch for general principles), applicd (adapting
general findings to classes of probloms), or clinical (related to spocific cases).
Mast design research is clinical because time and budget allow for little else
(Friedman 2000). CSE methods can be used o negotiate the gap between
applied and clinical research

CSE in Heallh Care

Recent work on collaboration has produced distributed cognition and joint
cognitive system models that can g: used to better understand health care
as a collective enterprise. The use of CSE to identify and describe all ICU ele-
ments, including clinicians, information, and artifacts, can identify system
gaps. Addressing gaps can lead to authentic improvement in performance
and cutcomes. For this reason, CSE s particularly well suited to the discov-
ory of phenomena in complex real-world scttings.
Moy Dseributed cognition (Hutchins 1995) 1s the interaction of Individuals,
smabcucc  artifacts, and the environment. Practitioners must rely an this to prevent the m_
i s formation of gaps in the continuity of care (CooK et al. 2000) This includes Ioowests i
Pt v transiers betvreen departments, wock-cycle shift changes, and information e s e &
© exchanges among professionals from different fields of practice. Clinicians at zwfm
in an KU comprise a joint cognitive system that can modify its behavior
and decision making on the basis of experience in order to maintain order
(Hollnagel and Wbods 1983). The daily work of the dinician requires rep-
resentations that serve as a map of the everchanging environment of work
that must be successfully navigated (Rasmussen et al. 1994). Individual ele-
ments of information vary enormously in tho length of time that thoy are
reliable, and their value depends on their context What is ropresented and
how it is representod should dopend on the cognitive work it is intendod o
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support. Furthermore, the partial and overlapping interaction among clini-
cal specialtiesin the KU lends itself w0 additional gaps In care continuity and
the misadventures that can result

validity

Nemeth et al. (2011) recommended four ways to verify whether results from
itative studies such as this ICU rescarch project are valid. Findings must

be credible, consistent, comprehensive, and contral.

Credible. Do findings “ring true” to SMEs and othors who work in the
domain?

Censistent. Do Aind ings roplicako across interviows and acmss incidents?

Compreiensioe. How general are the findings” To what range of tasks and
settings do they applv? Can boundaries be identified, and can those limita-
tions be stated?

Centrl. Do findings speak to cognitive issues that matter for performance
based on SME judgments, research literature, and other sources?

Studies that meet these criteria are more likely to pass validity tests when
solutions are evaluated.

Aspects of Resilience

Knowledge gained through the use of CSE about the nature of work as it is
actually done can help to contribute to the system’s ability to adapt when
confronted with unforeseen challenges—to be more resifient (Hollnagel et
al. 2006). Recent writing in resilience engineering has identified a number
of system characteristics that contribute to system resilience. This knowl-
edge can improve their ability to operate despite significant challenges such
as changes in the type, mte, and volume of care. Three characteristics that
CSE can assist include being self-aware, the ability to identify and apply
resources, and the ability to adapt to surprise.

Self-Aware

The “rottage industry structure of the national healtheare delivery systom” n&;{"
results In “disconnected stlos of function and specialization.”(Reid et al §5"F_Qw
2005, pp. 12-13) Acute and ambulatory care patients require coord inated care proves msang
that is provided by multiple distributed care providers. Their care also calls stirecas.

for the coordination and integration of many functions and specialized areas

of knowledge over time. Yet connectivity, integrated care, and coordination

are inadeguate natiomvide at all stages of illness treatment. An estimated

60 million patients in the United States suffer from two or more chronic
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cond itions and are particularly affected by the disconnection among dinical
care specialties. Tho abxlity o roveal the naturo of work domains by using
CSE can start to mitigate this significant and widespread issue

Able to Identify and Apply Resources

Skills, supplies, equipment, and facilitiex are routinely assembled to perform
each procedure. CSE can be used o document work processes and what
influences them. That can lead io insight into how these configurations are
developed and managed, what goes well, and where misadventures can

occur.

Able to Adapt to Surpriso

Wo have shown in prior publications (Nemath ot al. 20007, Cook and Nometh
2000 how health care orzanizations respond to events, particularly misad-
ventures. More often than not, the response attempts to isolate the cause and
declare that it will not happen again. These efforts stop the exposure w0 risk.
However, they also stop the learning that can inform us how systems have
difficulty adapting. The use of CSE makes understanding what goes right,
and what occasionally does not, a routine leaming process that can improve
the ability io adapt.

P ———)
Summary

We need o Jearn what people actually do in health care teams and how to
desizn work processes and systems based on that knowledge. This calls for
an approach that reveals the true nature of work as it is actually done, notas
itis intended to be done. CSE serves that purpose well

Early data collection and analysis activity in our BICU research have iden-
tified the network of those who care for patients, the information sources
they use, and the flow of patient care activity. Continued visits are expected
to deepen the mﬂcmndi.ngmof interrelationships ameng clinicians, how
they addross and resolve conflicts such as different agendas, the information
sourcos and their use, and cognitivo activitios for aach of the clinical spacial-
tios and mles. Rosulis from this first yoar nf study will be used to dovelop
requirements for deasions that clinicians make. Requirements and use cases
will provide the basis for a prototype to be developed and evaluated 1n the
projects second and third years.

The welldesigned valid cognitive artifact that results from our use of
CSE is intended to support individual and team cognitive work, which is
expected to improve the reliability and efficiency of clinical care for patients.
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Developing a Cognitive and Communications Tool for Burn
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ABSTRACT Background: Bum Intensive Care Unit (BICT wcll :r.i necesarnily amplex 2and depends on clinicin
actions., resources, and variahle pafient res 0 imtervend icians use large vwolumes of dats that are con-
demsed in Gme, bt separated aoross resources, o care for patiens. E‘mﬂ:ﬂy de=igned heald information technology
{IT) systerms may help clinicians i teat these patients more efficiendy, acouraiely, and relizhly. We report on a 3-year
project o design and develop an ecologically valid IT system for use in 2 militay BICUL. Methads: We use 2 miced
methods Cognitive Systems Engmeering approach for research and development Observafions, mierviews, artfact
analysic, survey, md famatic anahsi methodk wer wed to reveal underlyving facios that mald the work environ-
meni and affect clinician decisions ihat may affed pefient oulmmes. Parficipaiory design and prootyping methads
have heen wal o develop solutions. Results We developal 39 mquirements for the T sysiem and wal fem o oeaie
three we caxex i help developers beter underzand how e sysem might suppon clinidan work o develop imesface
prottypes. We also incoporzied daiz minng fmctons that offer #he poengd (o 2id dinicens by recognizing pagems
mecagmition of dinicaly significant events, such a= incipient seps<iz. The gaps hetween infomaton sources and acourae,
relizble, and efficient clinical decision that we have identified will enable us i geate scermarios 10 evahae poniype
sysiems with BICL c]:nrnn:, o develop increasingly imgroved designs, and o messue outcomes. Conclusion: The
Tink from dets o analyses, g pes, md dheir evahotion enames tia the solutson will eflect and appon

wark in e BICT as it actually ooours, J:r'l_'pw:mg siaff efficincy and patent cam quality.

BACKGROUND

Patients who are admitted & the Bum Intensive Care Unit
{BICT) present healh care teams with unigue challenges as
a result of teir fragile and ofien unatable condition. Their
oomplex combinations of life-frestening injuries and illnesses
make wauma and surgical care for hese patients necessan by
complex. Clinicians from 15 specialties must work i gether
to make effective decisions, develop reatment plans, assess
patient progress, and refine care manage ment over time. This
team must alsy account for limited resoroes and muost adjost
their course of restment sccording i variable patient responses
10 interventons.

Care ako relies on clinician copnitive wark, which includes
decision-making and relsied activites such as problem detec-
tion, sense making, and building commaon ground among the
cane team members. Under time pressure, intensive care unit
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Voleme 1, Pax 46 Tide 32, (hapeer 1, Pax 219; and Tile 21, Chagpeer 1,
Pax 30 { Peeeion of Heman Sabjeces).
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clinicians must rely on a large volume of dat that is sepa-
rated among multiple sources. The deciions clinicians make
are only a5 good as the information that is available and
important {salient) when the decisions are made. Because of
this, the Ingimie of Medicine' recommended improving access
toaccurate, imely informaton, and making relevant infomna-
tion available af the point of patient cane.

Research and development for this project is being
conducied by Applied Ressarch Assocates, Inc., an 1,100-
member science and engineering consulting fimn, which is
creating & decision and communications suppont sysiem fuat
will serve a 16-bad military tentiary cae BICTU. This Coop-
erative Communication System (CCS) & expected i enable
the health care eam to remain connectad & information about
each patient and to each other across time and location as the
team delivers care. The CCS will keep providers informed of
a patient' s stams, and of other health care providers® patient
care activities, enable the 2aff to mderstand goals, objectives
and tasks related to each patient, and to reconcile differing
poini of view. Its decision and communication support and
machine leaming features will make it possible for clini-
clans i make more accurate and timely diagnoses, 1o perform
mire timely and approprizie ests, and 0 make betier plans 1o
optimize patient care. Use of the CCS iz expecied o improve
the availability of informaton and the synehronization of
care among BICL eam members, which in wm are expected
1o improve patient ouicomes.

This anticle describes rigaous field smdy, analysis, requine-
ments, and information design and programming to design
and develop an ecologically valid information technology
{IT) system.

s
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METHODS

The CCS research team is using a mixed methods Cognitive
Systems Engineering™ (CSE) approach for this study, The
CSE approach includes methods that are panticulady well
suiied o both learn about behavior and cognition as humans
confront complexity in work settings such & the BICU
and v develop tools o suppont teir cognitive work. The
approach tramlates knowledge about human cognitive per-
formance to develop solutions, including information sysem
interface design * In diis smdy, knowledge that clinicians need
inclodes wital signs and laboratory valuwes that one would
expect would matter in wauma and surgical care decision-
making. Knowledge also includes wnexpected data paierns
thet matter, but are difficult o detect.

As & “systems engineering” methodology, the CSE
approach inclodes all of the agents that can act in the
work setting: clinician and suppont staff, tasks, informa-
thon sources, the facility, and more. Figure 1 illustrates five
phases in the approach and how the activites in each phase
relate & phases of this project As Figure | shows, CSE
phases include data collection, data analysis, and solution
development. Integration of these five phases ensures that
the solution the CSE process produces is inheently valid by
being grounded in worker and work setting data Each ele-
ment in the solution that the CSE approach produces can be
traced back through requirements, fuwough analyses, i the
original data The abiity to identify each element among
waorkers, work setting, and took can ako help designers o
anticipate shifis and wnintended consequences that can hap-
pen when new IT such & the CCS is introduced * The CSE
approach has been proven o soccessfully siudy cognitive
activity in complex field settings in high-hazard seckrs such
as defense, national security, nuclear power plants, and law

enforcement. The project team has recently used CSE 1o
perform work on behalf of the Department of the Amny. "
Chief of Naval Operations { Nemeth O, Wigzins 5, Crandall
B, et al: C2 Upgrade for NECC Branch [OPNAV N8ST].
Contract NM24-10-C-6300, Washington, D! Depantment
of the Mavy. 2011), Office of Naval Reseanch | Anderson
KR, Crandall B, Grome &, Nemeth C: Environmental and
ship motion forecasting cognitive aid investigation: Deci-
slon and informaton requirments development. Contract
NOM14-11-C-0360. Washington, DC: Office of Maval
Ressarch, 2014), and Deparment of Homeland Security
(Nemeth C, Grome A, Laufersweiler D, Crandall B, Strouse
R: A mesearch roadmap to improve screening performance
through cognitive systems engineering. Contract GS- 10F-
O29RK. Washington, D Depanment of Homeland Secu-
rity, 20130

Cur project eam sudied clinicians who work inoa 16-bead,
American Burn Association accredited regional referral born
cenier that is a pant of a 450 bed, academic, military, level 1
trauma center, The team obtained approval for haman subject
research from the funder and research site institutional review
svard and obtained informed consent from all pantcipants.

In Year 1, the research eam wed data collection methods
{observatons, interviews, surveys, and anifact analysis) to
go beyond surface descriptions | phenotypes) that revealed
underying patems (genotypes) of systemic factors that maold
the work emvironment and affect clinician decisions

Data Collection

A eam of 2 v 4 researchers made 4 week-long data collec-
tion visits to the research sie, and coordinaed additional
collection with an on-zie mesearch nurse between wisits,

Preparatian Enawladgs Analyic anel ApplEatian EabiaREo
Elititation Represertation Design
+ Uindesstand the a [nererimine which
diseiEn, faiks, * UL = Duoompaie daty | | * Build petatyps MBS wild
proiies methods ko e [ amtamiand b mmmpen
undirsad Honents prOSEsEs perfermance
+ ldemily crithcal decisions. aty = Wawalin
coqnithiely = idantify user ot * Tex uhether
il Bk * |dentily iam derithon e fpilim duppiiic
structne dnd e P USET
commenication mﬂ
= dariily the * Rpcommand
comral Hpss * Betermine how redmigns b
and theme: 1 bes] g provde prage
mer desion suppoet
Domain
Wi Ky Decislon: Leverage Feints Design tancepts impact Extinate
CCS Fhaso GCS Fiaame I and 01

FIGURE 1. Frve phases of cogniive sysems enginesaning.
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During these visits, they performed the following data cd-
lection methods:

Observation of clinical teams as they provided patient
cane and managed the unit. Team members conducted 31
observations with the BICT aaff, incloding bedside, ¢harge
and wound cae nurses, residents, agending plersicians, and
physical, occupational, and respiratory therapists, These ses-
sions involved shadowing a single person and asking them
to talk aloud as they completed teir work, Use of probe
questions enabled researchers to request back ground and
clarifying information in coniext to better understand maod-
vations, information use, and decidon-making,

Fosty-nine semi-strcined cognitive task amalysis iCcTA)
imerviews lasting between 30 o 90 minmes each with mem-
bers of the BICU clincal staff eliciied knowledge about their
background, perspectives, work activity, information sounces,
and challenges they face.

Antifact analysis of computer-based and hard copy infor-
mation sources that clinicians wse in their work, incloding
sign-out sheets, personal notes, stams boands, and infoma-
tion sysem and equipment displays.

Brief surveys i identify paterns, sch & work eam rels-
tonships (usually condocted by the on-site reseanch nurse
in-hetween research eam visis).

Data Analysis

The research team analyzed dats collected from fowr week-
long site visits and reseanch nurse suppont at e site between
visits. Throogh the following eight seps (Fig. 2), teir anal-
yaes identified clinician goals and bamiers i goal achieve-
ment. After te first site visit, the team performed an initial
data review and extraction of emerging themes to review and
analyze inerview and olkeraton nates. Following the sec-

Data Collection

FIGURE 22 IMama collecsion and analysis poooess.

MILITARY MEDIINE, Val. 181, May Supplement 2016

ond site visit, the team conducied a systematic data review
and coding to reveal thematic categories developed during
working sessions, and code interview sections to relae them
to each theme, After the third visit, they reviewed and inter-
preted coded data, synthesized and merged findings, and
reflected on newly collected data. Each of the steps used
analyzed cognitve wark o provide the basis for analyzing
the cognitive work requirements of BICU clinical teams and
diatil a descriptive model, as well & anifact analysis of the
forms and documents that the BICU clindcal teams use, o
more fully understand de kinds of information they seek,
use, and share with one another. After developing initial
requirements for e OCS, team members made annther visit
o present the challenges/barriers and initial requiremens o
a select sat of BICU clinicians to obtain an inital appraisal
of fe findings by verifying accuracy and identifying poss-
ble gaps. The team used resulis from the data analysis o
identify bamiers to cognitive work, and develop final requine-
ments for the OCS that would enable BICU staff to over ome
thase barriers.

Participatory Design

Research, softwane dewvelopment, and machine leaming eam
members met with the clinical co- principal investigaior (1F)
for a 3-day data analysis and design session o refine and
revise design mequirements. The team also held a similar
design session a few weeks later at the research sie o
capiure clinician insights. In these sessions, representatives
from all of the clinician groups hat work in e BICU pro-
posad sysem design ideas that might facilitate timely, effec-
tive, and efficient patient care. The sessions provided the
inerface designer with beginning concepis for furter devel-
opment and refinement The research team also updated and

Data Analysis

n
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refined the use cases that the sofiware development team
would need.

RESULTS

One hunded fifiy-one BICU clinicians and siaff mem-
bers representing all undit mles consented to participate
in thiz research and many were subjectes of imerviews and
observation. Roles included attending physician {surgeon,
imtensivist), fellow, resident, physician assistant, respirs-
tory therapist, occupationalfrehabilitation therapist, wound
care specialist, dietician, bedside numse (registered numse,
leensad vocational nurse), undt nusse (e.g., infection con-
trol), care manager, wand clerk, chaplain, voluntess, other
physcian {eg., aneghesiologit, consulting physician), ancil-
lary services, and student {medical, nursing). Members
of this sample and each of the roles also participated in
design workshops.

Year | results showed that the IT solutions fat are cu-
rendy available to BICU clinicians are not sufficient for cli-
nictan information neads. This is because coment solutions do
not help clincians toefficiently drive down uncenainty &t e
individual and e team level This compels clinicians to exent
cagnitive effort find and model information that iz swsed
within and across multiple health IT systems o make deci
sioms. To counter this, we identified 21 bamiers 1o effective
clincal care and recommending 3 requirements for the CCS
prodotype (see Table I). These requirements were further devel
opad inis rough, then increasngly refined, information displays
through creative desgn workgroops and repested interviews
and suwrveys. Dats analysis identified problems that current
health IT solutions present, 21 bamiers to cognitive work
on the BICU, and developed 39 OCS requirements

The Problem

The follvwing examples demanstrate difficulties using corent
hesalth care IT, such as finding importan (salient) infomsaton
that dee OCS is intended to address:

Examgke 1
FPatient on insulin drip (which is racked on e medica-
fion flonw sheer and the indous low sheer) but the patient was
ol geiting howrly Mood glucose measurements (which
are rracked on the labs and vital signs fow sheats). Small
evample, bul the patienry Bood glicose on re-check afler
six hoaers wis < 30

Examgk 2
Ok, I'm rying b idendly whar possible new medication
might have caeed @ patients Mver i gan i fal (this sume
seenarie could apply o any spsem). There is MO way for
me [0 organize the data in suck a way thar T ean see: Firal
signs, Labs, Madicadon af the SAME time. I must do this
manually. This & true in feommercial IT system] oo, We

I8

shoadd be able to do this, especially §fwe con @sign a medi-
cafion i i syatem, and podenticelly wnassdgpmed JE

Example 3

rdered a right upper quadrant ultrasound yesterday Turns
onel, the pafent had several of hese in te past, nol meees-
sarily in the last month et was fn Jady), ol with similar
revielts—adifffeadt fo see the galBdadder [We] (did o differens
stuedy todiny. Probably weiddd have saved af least the cost of
the proceduns yesterdoy had T lnow this . ..

Barriers and Requirements

Each of the bamies that the team discovered presents an
oppomundty to leam how the CCS can support betier cane
ooprdination. Using te hamiers, the team orested fequfemenis
for the OCS that would enable cliniclans i overcome them
{Tabl I). The first bamier provides an example:

No efffcive means v symchronie and adapr diffensar
agpedts of palent arre over the course af a shiff, aoross
Eangiver fedm.

The fequifement saies how the CCS solution can help to
overopme e bamier.

Smiem sherll providk aecess o g plon of patienr cone, vivi
Ble g all corregivers responsible B Sral patiend, that nefudss

fal. Cherrent patient datus and hop-lovel aisessment

(Bl el aond priorifies for fose goals

(el Champerdipdaies, awh av indicavion that plan i being
updited when one caregiver i workdng on iL

(. Sehedide af cothvities and any changes, limaline

(el Orders and their saties

(. Raerriry rvel cnired Erjlrmmelion i perlents cerne fedm

The collection of mquiements suppons development of a
number of use cases. They alas guide the imerface designes's
configuration of display content and layout, and softwane
developers planning for ineractive featwres.

Use Case

A use case is a namative description that suggests how a sys
tem might be used. By asembling requirements into a
description, software developers can get a sense of how
the system will operate & support cognitive work on the
unit. The first paragraph of a use case for access o a
patient care plan that was described above, describes how
each of these features (shown in bold type) would serve
clinician needs.

At 630 am, a bedside nurse has staned his preparation
for the day shift by reviewing information on the patient
he is responsble for. Opening OC8, he can see & roster of
patents on the unlt, chooses his patient’s *at-a-glanee®™
wiew that shows recent vital skgns, current orders, medica
tioms, care plan, and notes from the night shif. He checks
the patient's standing care plan and treatment goals { from
the electrondc healt care recand), and reviews orders (from

MILITARY MEDICINE, Vol. 151, May Supplement 2015
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TAELEI.

Barmiers and Requirememns

Frobbem/H armer

et e ey

Mo effersive men b syncdhannize nd st Siffees agpecs of paskes
cam over e oo of o sl (e ammeg RN, OFTDFT, wasnd care)
Lack of awamsess amanad 3ouvitissevenss th are o ghrly oopled

Mo affiens communioarion of paslens stane: change a0 dir iplnes

U pcare o imcfovmrachoim b v laile bast mont seadiily accessible or
visible 0o chingc b 2 g oalnares)

Chcders lae, mibis ng, o ovemabendnaplaced by odher anders

Relance om verbal oodess and no st andardized way 10 share anders

Docsmeseaion woes significans Sme from ey mambem of S
clinkea ] e (RN, Reaskdenss, BT 2ne ) and b oftsn edencdhne

Lags in efo@mamon e & Meats minmanon i Syem &
SOMNECIe: Aue i cour e

Tremads are Eporeant infrmasion, hat cansod g dheam from
[Exssnaris or ager [T
Mo abdliry oo ksep mack of pasent sanes over gme > 24 bours

Hew many clinical saff are comrendly on dhe wni?

Is pamens wady for wpooming sargeca ] procedore

N RN chowss B0 oo oozl alcist \peociving [Proce came: oo
[prepare surgeal s pooperly

Bedade BN dos mot Ionoe encugh abour susgeny o IS bemg
perfommed oo prepar peopedy for pasene’s moam

Fovmcing (el mot wadily avallabbe/accsssib e g all
memibers of clindeal wam

Irvspact of dwopped e, gaps, and lapess not lonoes or pmcked

Chercichin g mama gement b nchkear (nesponsibdl iy for malkoing
sare inewe are comnplened ks wnc b

Reliance om ol meciam oo mneneal 1y e pmee da

Mead oo desmvane opomal Sming and sageece of acovises

Heaad of planned! sobedled pasiens cam aoivisies
g wound care, mhab, line changes, sn)

Mz oo share e plan

s oo adape the plan o rea ] cme and share dhasges aonoes the m

Hedade pome neecks o bt dee gouls and peonmes

M oo Ionove Bow changes i omders affecuc bange plammed acovicess

Mears o ipow wihat planned svents ore ond o Deds oo be deere

Pracomones mesd oo ahdersand what’s goikg on il deer grasp of purenes
acwws e shift {whotever dheir gooep bappess o k)

Clindc fane meed £0 be awawe dar wpdassd dormat bon b available, pasi oslardy
mgardng hbomuwey osloeres

Mend afficent, socemie say o spacify meds, proosheres

Phyysicions meed access o arders foom charge marse's ol ki

Phrysicbans meed prommpes oo onter orders

Mead imndicator of stanes of coder mnery (B & beem placed or ped?)

Mead imdicaor of sanss of cader fin peocess, complensd)

Physicions nead oo be sware when suesing onls tar i's dhe RIME 8 oOF
diffaras fom poevicesly snsered oxdem

(hanges 1o ordars nead oo be disssmingsd o wids Eam &0t mm b
annos gaeasnd (hanges in olem mesd i be appamEm oo whole wam

Iefoemason Masagemens ook mnd pancesses badk srownd effisen:
e of seaff Simne mnd e ffom

Mfinimnize saff e required oo capare infoemason by mdscing mderdan
i o g bering and ey

Mindmize saff dme spent a5 the “sysem inegmces”™ who move daa fm
Ol VAN L0 AN

Nesrd e freend v imoerboe sy D

Musars oo mdicare of pament b Baghdy wnable b aee snfosmanon for
vl PR Can Beonime |00 e 6n s ome fmme)

M oo fonoer wherter indormasion s syseem B ep-ao-dae
e g b by on acosnee reflecsion of dee patlens’s stanes righe mowT)

Mears oo Iopow wheder codes are i process b resales pof enoened inec
sysemn yer (e, oulneres, laborasnry nesales)

M oo bonow recency of infarmaion epdees

Mears o capose and dissemema e changes to ondes g ocoor vesbally
et b e e

Climec ane meed pend mfommanon

Mead view of patiens e b mooe dan e s shift Book macre leval
view of iz and over lager Sme Spans

Mead o now who b ovallable, and whare oo fimd deam

Mesd acoess 10 MATA Sesignments by shift, by moent

M oo access Fund e i I i

Nead 1o o which speciaky & assigned o ek pasen (eg, RT) ond
| s

Nesd menns i now whether pon s s prepamed for peocedure (have hey
omen blond prodeces, e T AR, OO I, PIagianc Y )

(WR marse mescs proceciee specific deception (eed oo inow mane aboe
specific | RIIMEDOn e |

Bkt Murse nesds msans oo oo what o expet e pasiens needs follosing
s jeg whar ws woried on, B mosch Blood grven o oo, sedanoal)

Mheares o oomest macr chescichisn i real o dchering Hiowmds) or
e e dy afer

M oo poc el w0 alll seaff bave readydsasy access

Mears for staff oo “check off complensd o, malkes wotss e Bold wps,

b Egestrew R

+ Meares for meomplae (s o ol over” i popalee pexndays
chack b amd mo b Eviswad @ R dny Hownds

= Climicians pead 3 Bolaicfmac - view of e parient's o@ecory
(eg e gy poaming beamer or geming worse over s 3 bows )
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the laboramry test database) that are pending as well as the
day's care actvites that the Wound Care team, Respira-
ey Therapits, and Physical Therapists have recommendead
and what thmes they can perform them.

Baoth software development and machine leaming team
members are using these requirements and use cases o
develop, evaluate, and refine interface prodstypes.

After translating analysis findings into concise problem
statements and information system requirements, the team
developed a number of visual representations o describe
BICU oognitive work and key resources that clinkcians use
(model of cognitive work, cane team, and information somoees)
and prototype informaton displays.

Model of Cognitive Work
Complexity can hide underlying syftematic patiems of oong-
nitive work fat clinicians perform in Gie BICU. Figure 3
ilustrates these patems that our CSE approach revealed.
The iop level of the mode] (at left) shows the mit's pri-
mary ok in cognitive work: synchaonization of patient ¢ ane
both among clinicians and over Gme. The next level down
includes activities that all onit members perfomm 1o 20000
plish synchronization: clarification, coordination, negotstion,
and anticipation. Supponting tasks make each of thoee activi-
ties possible. Each task can be observed in the way that cli-
nicians ineract with each other and use information sounces
to minimize uncenainty. Requirements that the team dewvel-
opad from these tasks indicake possible leverage points, or
opportunities, 1 inprove synchiond zation.

Frarscfiors LAmil Actmines Uil
Members Perform Menbers Perform
Clarfication ——
Coordinotiom—
Synchronization —
Negotiation —

FIGURE 3.  Desoripove model of B o Inssiw Case Uni cognitive sork.

I

Patient Came Providers

Enowing what to include and exclude is part of the chal-
lenge in the study of a complex system such as the BICU.
T v that, e eam asked 8 mrses, § respirairy therapiss,
2 physical therapisisioccupational therapisis, 1 nuiritondst,
and | physician on the BICT “Who do yom oommond cate
with to do your work?™ The resulting network i being used
o guide development of role-specific screens in the prototype
versons of he OCS.

Information Sources

Astifact analysis developed an inventory of the information
sources shown in Figure 4 that clinicians rely on to provide
patient care. Sources ranged from physical iems {eg., stans
boands) to communications {e.g., cell phones) to computer
databases {eg., the elecwronic health record) and paper and
elkcronc soumes {e.g., areral blond gas mondior). Disoon-
naction among most of these sounces was one of te bamiers
the eam's inquiry revealed, The need for clinicians to tran-
soribe and reenter data from one system 1o another detracts
from time & cane for patients, and also presents e oppsor-
nity for inaccuraie wransenpions.

Information Displays

Based on the participatory design sessions, the design eam
developed several versions of the interface design. This
reanlted in an information design prototype that was based
on Year | findings and requirements with views organized
according i clinician needs

Terzks Linit
Members Perjorm

Fedece wncertiinty
Manpge smbigity

Manage conflicing sgendas
Mana ge comamunicaticn

Develop shared awarenes of the Patient

| Getand keep ommaen ground
Manage the cre plan and treatment goals
Coordinate resiliroas

Idertify allgnment, gps/diffarancas
{o.8.. agends}
Manage wonflicing sgendas

Anvicipation—

MMuonage camerunicatisn

Forwarnd thinkig
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FIGURE 4.  Bum Ineemsive Care Usd indormasion soerces

FPagar Fiew (Fig. 5)

Makes salient information evident by showing critical vari-
ables for each patient organized by neural, candiac, respl-
ratory, gastiodmtedinal, pulmonary, and fenal systems. A
“parent-child” display tab feature serves a3 8 kind of tab ref-
erence i see mone detiled material The view also inclodes
a Woumd Flow analyss of the patient' s skin and graft condi-
tion {developed by the research site), a5 well as te patient's
schedule for the day.

Mulridieipinary Rounds Mew

Provides a means for the charge nurse to document key
details of the daily interdisciplinary rounds that are con-
ducted each morning staming at 8:00 am Entry of goals
medications, and orders caplres patient care deciions, put
them in motdon, and makes it possible to track their progress
through the day.

Ui Level Fiew

Indicaies the location and condition of each patient in the
16-bed unit, and fe two operating romms nearby. Provides
a message window to shae information that affects the whole
unit, and siaff members on the unit et shift

DISCUSSI0ON

Health care IT systems must reflect actual clinical practice i
provide information that will effectively suppon decision-
making and relaied cognitive work of patient care. We have
shown how the CSE mesearch approach can be used to iden-
tify bamiers o dockion-making, and develop potential sol-
LS o dvie fooime them.

MILITARY MEDICINE, Val. 181, May Supplemeant 2016

Deapite years of effort in medical informatics, a gap
remains between the complexities of the clinical work sat-
ting and the information systems that are intended o sup-
port clinician cognitive work® This & true of the elecironic
health record (EHR) a5 well as other health care IT such
as Computer Physician Order Entry.'® The difference has
implications for clinician performance and, oltinately, patient
cane, The examples in e Problem section of this agiclke dem-
onstrate how a clinician’s inability i find salient informnaton
affects clinical deckion-making. We oontend fat dee feason
fior this & a failure o accuraiely reflect te work domain and
behavios in the clindcal setting.

During this research we have smdied individeal and team
clinician work in actual and controlled seftings. Among the
findings mentioned above, we have ako found issues with
health care IT displays, including the EHR. The EHR is
inended to serve as the central information souwnce for clini-
clans to use whilk making patient care decisions. EHRs ane
often linked with other systems, including clinical decision
saipodt, and computerized physician onder entry. Applications
ach as dispensing medications can also include inte rae tion
with aher sysems such as bar coding at medication dispenms-
ing, mobot for medication dispensing, and sutomated dispems-
ing machines. Administrative applications include eleconic
meadication administraton records and bar coding at madi-
cation adminisiration."' These interrelatonships can have a
widespread effect an the work that clincians perfom

Clinician patient care decisions are based on informa-
tion that is provided by various means, which increasing by
include the EHR. While providing some benefis, te EHR's
rapid development has created ™. . digital piles grown o
gigantic, wmsieldy, and unreadable that sometimes we wind
up working with no information st all™* Among all of fhese
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FIGURE &  Cooperive Commsnicanon Sysem Pases View poogooype.

data, where does the clinician ook for what maters when
assessing rends and making diagnostic and therapeutic deci-
shons? Do data tat matier stand o, or are ey obsoured by
other elements? And how can system developers know what
matiers? What data mater most @ a patient and clinician at
the moment they afe being considered? Machine leaming fea-
tures, we are incleding in the CCS can be used st through
the “digital™ piles to make useful information salient (sands
out or i prominent).

Anomation has traditionally been employed in high-heeas
settings o replace individuals in te perfomance of work that
is considened to be nappropriate for humans, Rater than
replace humans, though, sumomation needs 1o aid humans as
they work to solve problems The way that a problem is pre-
sented can improve of degrade the paformance of cognitive
work'? and aiding has typically been directed at the novies
level. In fact, aiding iz most needed on difficult problems,
which are the type of problems that expens confront. As in
other high hazand settings, E:paﬁse'*hlna]hcue i the
ability o bawow what is—and what & not—imponant.

Health care activities rely on the aoguisition, podtrayal
and analysis of therapeutc and dagnostic information as an
iniegral pant of individual patent care. The daily work of the
clinician requires representations that serve as a map of the
ever-changing temritory of work that muost be swecessfully
navigated. ™ What is represenied, and how it is reresentad,
depends on the individeal and groop cognitive work that it
iz inended i ppont? Individual elements of information vary
engrmously in the length of time that they remain reliable,
and their weight depends a great deal on their context. The
need for accurate, timely information alse exists at the wnit
level, such as the operating room and intensive care unit,
where the technical work of unit planning and management

112

directs who will get care, what type of care will be provided,
and when i will be provided.

Prosgress in improving health care T & suppont patient cane
relies on going beyond the surface desoriptions | e notypes)
of work domains o the underlying pattems (genotypes) of
sysemic factors. ™ Understanding any work domain and the
forces that shape itre?uim metds tat ane suied o heir
study. Human factors'” and CSE research methods within the
naturalistic decikion making model"® have proven value in
revealing e key aspects of health cae work domaing sueh as
the BICU in this smdy to develop valid information displays.

Improvement in IT suppon for health care cognitive work
requires repeated, deep looks ini the clinical work setting
usdng methods that are suited to the study of individual and
team oognitive work to find what data traly mater, Use of
CSE"s deckion-making approach to understnd patient cane
seftings can inform the development of effective TT auppsont.
The salience that reslits can begin © overcome embedded
difficnlties with records that, lefi unattended, will contime o
impede clinical care for patiens.

Az a BICUIT syaem, OCS & a Force Protection fesouice
o provide optimal suppon for military patients. Theough
CCS decision support, clinicians can make more acourate
amd timely diagnoses, perform mone timely and appropriate
treatments, and provide evidence-hased care that redoces e
time lag from “bench-to-badside™ came, As a eam too, OCS
builds consensus and efficiency that can be expected o shomen
patient kength of stay and imgrove ootosmes,

As s networked system, the CCS has the potential to
extend beyond the fixed walls of a hospital to incomporate
prehospital, contingency operations, and theater e vacuations
during military operations. Improved communication, te OCS
affords, also facilitates hand off on arrival at e cae facility.
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For example, when a soldier gets injured, a networked com-
mumcation sysem could immediately aart relaying informa-
tion i a forward surgical team or Combat Suppont Hospital
o keep the receiving health care team apprizsed of the patient's
staie o that they can adequately prepare and deliver cane.

COMCLUSION
The findings from our CSE audy are being used to create an
information display that presents salient infomuaton, which
will spare clinkeians from having to find and symthesize it as
they do now. This is expected o improve staff efficiency
and patient care quality by improving clinician decision-
making and communication. Specific CCS views son infior-
mation acconding 1o BICT cognitive work, from preparing
for and conducting rounds, to individual patient care to
managing the unit a5 a whole, The link from data & analy-
se5 pequine ments, prototypes, and evaluation ensres that e
CCS solution will reflect and suppon work in the BICT as it
acually oocurs

The research team's protatype, which can also mine data
for relevant information, will be tested and validated using
criteria from the first year of fesearch. Use of the CCS &
evenually expecied o help o decrease misseps, lapses,
delays in care, and the morbidities from cases such a5 wiong
medication/dose, infections, and unanticipated emerg encies
such as cardiac amest
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Revealing ICU Cognitive Work Through
Naturalistic Decision-Making Methods

Christopher Nemeth, Jesh Blomberg, Christopher Argenta, Applied
Research Associates, Inc., Maria L. Serio-Melvin, Jose Salinas, and Jeremy
Pamplin, U.5. Army Institute for Surgical Research, Brook Army Medical

Center, Joint Base San Antonio

The fragle health of patlent= who are admitbed
to a burn Intensive care unic (JCL)) requires cliniclans
and clinlcal teams to perform complex cognithe waork
that includes time-pressured diagnoetic and therapsu-
tle decislons that are bazed on emergent and Interre-
bted patlent Inforrmation. Barrlers to clinican efforts
delay patlent care and Increase care cost, length of stay,
and the potental for misadventures. The Cooperative
Communication System |s a real-ume Information tech-
nology system In Itz final year of development that Is
designed tosupport Individual and team cognitve work
and communlcation In the burn ICLL The project has
used cognitive systems enginesring methods to reveal
genotypes the tralte that mold this returaletc decklon-
making work setting. Requirements derlved from find-
Inge guided development of seven core features, con-
figurable digplays, and machine learmning features that
enable clinkclans to obt@in and we the most Impor-
@nt Information on Individual patients and among and
across patients. Recent evaluatlon dam demonstrabe
the gystemt usabllity and value to the dinlcal saff.
More efficient, relable collaboration among members
of the ICU staff who use the Cooperative Communica-
ton System |s expacted to Improve patlent safety and
Improve patlent outoomes,

Keywords: cognitlve systems engineering, com-
munication, decislon support, domains, healch care,
macrocognition
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This paper describes the process that our team
and client followed to reveal the copnitive work
in a burn intensive care unit (BICU) and to sup-
port it by developing an ecologically walid,
coherent information technology (1T) system to
facilitate individual and team decizions and
communication. It also describes how the use
of naturalistic decision-making (MDM) meth-
ods are suited to the study of BICL clinicians
and their work setting.

Care for the fragile patients who are admitted
to a BICU requires clinicians and clinical teams
to perform complex cognitive work: the sat of
MACTOCOEMtive activities (Cacciabue & Hollna-
gel, 1995; Klein et al, 2003) in which they
engage as they perform the myriad tasks of
patient care, These include time-pressured diag-
nostic and therapentic decisions that are based
on emergent and interrelated patient information
from multiple sources. Multiple barriers that we
identified to that work can delay patient care and
increase care cost, length of stay, and the poten-
tial fior misadventures. To make it possible for
the BICU to owercome those barriers, our
research and programming teams have devel-
oped the Cooperative Communication System
(CCS), which iz a real-time ecologically valid
{Cacciabue & Hollnagel, 1995) comiputer-based
cognitive artifact (Hutchins, 2002) that is
designed to support BICU individual and team
cognitive work and communication by making
important data evident.

Chur research team has used a cognitive sys-
tems engmeering (CSE; Hollnagel & Woods,
1983; Woods & Roth, 1988) approach over the
past 3 vears. A yearlong field study of this NDM
wiork setting revealed the genotypes of the BICTT
{Hollnagel, 1993): the factors that mold it as a

Chcermkoasdacd from s angazah o By gumat an Augast 3, 5HE
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wilk domain. Requirements that we derived
from the field sdy's findings puided dewelop-
ment of seven softeare system core elements,
configurable displays, and a machine leaming
{ML) feature that identifies patterns in data that
wionld be difficult to detect without it. Each fea-
ture enables clinicians o find and wse the most
important infommation about individual patients
aswell as among and across patients, IMproing
decision efficiency, accuracy, and ability to build
CONSensus Among care team members. Recent
evalation data demonstrate the system's usabil-
ity and value to the clinical staff. More efficient,
accurate decizion making and collaboration
among members of the intensive care unit staff
who use the CCS i expected to improwe patient
safety and optimize patient outcomes.

BACKGROUND

Arthur Elstein and colleagues (Elstein, Schul-
man, & Sprafka, 1978) displaced the notion of
medicing as an art with the notion of medi
cine a8 problem solving, bassd on MNewell and
Simon's research proposing that human minds
might be considered as information-processing
systems. Medical action “became equated with
scientific action, which came to denote a spe-
cific thought process™ (Berg, 1997 ). Rather than
being basaed on a clinician’s personal character,
individual merit in clinical work came to be
understood as the use of a method. To manage
the methodical consideration of dense, complex,
and contingent information, climicians came
to rely on a distributed cognition (Hutchins,
1995}, which is a commonly shared knowledge
that benefits a group but cannot be known by
aty sifgle indiidual, and which groups use o
perform collaborative work. Cognitive antifacts,
which are part of this distributed cognition, are
information displays that clinicians develop and
us2 or are made to use (Hutchins, 2002). Cog-
nitiwe artfacts range from checklists to status
boards and informal notes and more, and they
are used to ofganize crucial information to sup-
port cognitive work.

Recent research into patient safety issues
“stronghy supports the wse of decision support
tools to improve human performance™ (Cook,
Woods, & Miller, 1908). Those tools need o
reflect a detailed understanding of the strengths

and weak points of current sharp end (operator)
kncrerled g if they are o actually improve work
processes. Antifacts shape cognition and collab-
oration, and the way that a problem is presented
can improve of degrade clinicians” cognitive
work (Woods, 1988). Clinicians often create,
update, and change theirr mental models of
patients and unit actvity, particularly in com-
plex care sathings such as the BICT, By draw ing
topether complex elements of mformation for
clinicians to consider, representations can make
a task easier (Zhang & Noman, 1994). Repre-
santatons can also integrate mmltiple kinds of
information in a4 compact, efficient manner
{Heiser & Twversky, 2002 ).

Softerare programs that were intended in
PrioT years to serve as clinical decision aids have
met with limited success because clinical prac-
tice has shown that puidelines, models for deci-
sions, and even the clinical data are far more
complex than imitially thought (Berg, 1907
These rule-based programs tried and failed to
transfer decision making to a machine apent.
Instead, skillfully crafted representations can
assist human expert judgment by porraying
domain semantcs (a work sething’s essential
elements) that describe the current state, con-
straints, goals, and opportunities for action. The
prototype that we describe is such a representa-
ton and is ntended to support, not direct, the
judpment of clinical professionals.

Ohur research site, a 16-bed BICL in a 450(-
bed tertiary care military academic medical cen-
ter, is widely considered to be one of the best of
its kind in the country. Two of the 16 beds are
reserved to Serve as a postanesthesia care unit,
and one is dedicated for the center’s extracorpo-
real membrane ooovgenation program. Nearby
facilities that support the intensive care unit
include a step-down wnit, dedicated bum operat-
ing room, and outpatient clinic. The unit"s
patient census averapes around 2 patients but
has rizen as high as 13 during the project. Patient
length of stay ranges from days to months.
Patients who are admitted to the wnit have the
most severe afflickion from chemical, mechani-
cal, or electrical bums, as well as bumlike dis-
eases of the skin, such as toxic epidermal necrol-
weig, Stevens-Johnson syndrome, and the auto-
immmane disorder pemphigns vulgaris. The unit

Deswricasiasd from sdm angaped cow by peeal an Augusdt 30, HE
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also treats patients with infections or trauma that
causes extensive soft Hssue damage or loss, such
as necrotzing fasciitis, severe degloving inju-
ries, and some war-relatsd trauma.

NDM Werk Setting

NDM evobved under the leadership of pio-
neers including Jens Rasmmssen and Gary Klein
to improve on classical decision research by
explaining how individuals use expertise o
solve real-world problems. The NDM approach
is used to describe the decisions made by expe-
rienced apents (e.g. clinicians) who work in
complex settings(e.g., health care) and who face
personal consequences for their actions (Klein,
1997 The NDM approach “addresses the cog-
nittve work that individual operators perfomm as
they confront and resobve conflicts and contradic-
tons that anse betweaen poals and mulbiple ways
to achieve them™ (Neameth, O"Comnor, Klock, &
Cook, 2006). The approach seeks to understand
Imman cognitive performance by studving how
individuals and teams actually make decisions
in real-world settings (Klein, 2000). The profes-
sional literature has developed three criteria to
describe research that counts as NDM study:

» [t focusas on expertize.
# [t takes place in field settings.
# [t reflects the conditi ons that complicate our lives.

The NDM researcher is interested m sympathet-
ically addressing how individuals or teams and
organizations make certain kinds of decisions
in natural settings (Memeth & EKElein, 2011).
The approach that this paper takes embraces
the richness of sharp end work settings through
MWDM methods, including attention o worker
behaviors as well as the tools that they create to
perform cognitive work (Memeth et al., 2011}
Our study meets all three criteria, as well as
many of the criteria that Weick {2001} set forth
for a naturalistic decision sstting (in italics).
Mo individual has all of the knowledge that is
necessary to coordinate care, and as a result,
informartion is inadeguare and must be shared.
Synchromizing the interactions Among Ay
clinicians, patients, and activities within short
periods means that rime is presswred. Roles on
the unit range from the burn surgeon to medical

intensivist, resident, bedside nurse, respiratory
therapist, occupational therapist motritionist,
wimnd care, infection control, anesthesiologist,
and more. They all pursue varying agendas,
which can canse team poals to be df-defined and
at times conflicted. Stakes are high becanse out-
comes can hawe a sipnificant effect on patient
morhidity and mortality. The expertise that
i8 required t0 manape complex patient cases
means that practitioners are experienced. All
critical care activity occurs at the sharp end,
which iz a rich conrect. The fragile state of the
unit’s patients creates continually dyeamic con-
ditions. Changes in demand influence resource
availability and procedures that are performed.
The number, type, and duration of procedures
are contimually subject to change. Physicians,
murses, technicians, and clerical staff all work
topether to provide needed care. Staff members,
facilities, equipment, procedures, patients, and
their families must come together at specific
times in a cerain state of readiness. Team coor-
dination 5 essential heCinse no single member
has firsthand knowledge of what is needed to
allocate resources or manage the schedule.

Care for patients in the BICLT is necessariby
multidisciplinary, which requires attention from
multiple climcal specialties. Care providers mmst
collaborate over time t0 make effective decisions,
develop trastment plans, assess patient propress,
and refine plans to manage care. Through these
daily tasks, they demonstrate the macrocognitive
aspects of work that are shown in Table 1.

Decisions about how to0 manage patient care
rely on access to the most important information
about the patient when performing the activities in
Table 1. This is why the Institute of Medicine
(20000 recommended making relevant informa-
tion available at the point of patient care and
IMroving access to accurate, timely information.

METHODS

Owr project research uses ethnomethodol-
oy 0 investigate rational properties of practical
actions that depend on the “ongoing accomplish-
ments of organized artful practices of everyday
life™ (Garfinkel, 1967, p. 11). These ordinary rou-
tine details of daily life are based on a “collection
of behavior patiems and beliefs” (Patton, 2002,
p. 80). Those behawviors and beliefs prowvide
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95

W81XWH-12-C-0126



4 Manth XXX - Journal of Cognitive Engineering and Decision Making

TABLE 1: Macrocognitive Activities

Macrocognitive Activity Diescription

Reliance on experience to identify a plausible course of
action and use of mental simulation to evaluate it

Diagnosis of how a current state came about and
anticipation of how it will develop

Maturalistic decision making

Serse makingsituation assessment

Planning Charging action to transform a current state into a
desired state
Adaptation/replanning Medification, adjustment, or replacement of a plan

already implemeantad
Ability to notice potential problems at an early stage
Heow team members sequence actions to perform a task
Mental imagery and event comprahension based

on abstract knowledge and domain concepts and

Problem detection
Coordination
Devaloping mental modals

princples

Mental simulation and storyboarding

Use of mental models to consider the future, emact a

series of events, and ponder tham as they lead to
possible futures

Mairtaining commaon ground

Ongoing maintenance and repair of a calibrated

understanding among team members

Maraging uncertainty and risk

Coping with a state or feeling in which something is

unkmown or not understood
Tumning leverage points into courses of action Ability to identify opportunities and turn them into
courses of action

Managing attention

Use of perceptual filters to determine the information

that a person will seek and notice

Mote, Adapted from Crandal, Klein, and Hoffrran (2006).

standards for decisions on what is, what can be,
hove one feels about it, what to do about it, and
hovwr to do it (Goodenough, 19710,

Care providers, cognitive artifacts, and infor-
mation systems in this BICU work setting make
up a joint cognitive system (Woods & Hollnagel,
2006) that can be studied and modeled through
the use of scientific methods such as CSE. The
CSE approach iz wsad to desipn technology,
training, and processes that help people to man-
age coghitive complexity in sociotechnical sys-
tems (Militello, Dominguez, Lintern, & Klein,
20107, Using CSE methods, we developed an in-
depth understanding of the people, tasks, and
wilk contexts (including the information tech-
nologies) that are desipned o support electronic
documentation, order entry and management,
and clinical decision making. Integration of five
CSE phases—preparation, knowledge elicitation,

analysis and representation, application design,
and evaluation—produces a solution that is eco-
logically walid: based on data drawn directhy
from rigorons systematic study of the clinicians
and BICT work setting. Research team members
were experienced in field studies and located
remote from the research sike. We added a
research marse at the site to help plan research
team visits and collect data (2., brief surveys)
when the team was not present.

The research team obtained approwal for human
subject research flom the institutional review
boards of both the funder and the ressarch site.
Data collection and human subject consant ware
conducted wnder the jurisdiction of the medical
cenber institutional revisw board, which reviewed
and approved the research protocol. Before the
research team came to the site, the co—principal
imvestipator and research mirse obtained consent
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of 151 BICU clinicians who were willing to par-
ticipate in the shady.
Research Design

The project consisted of three phases,
roughly a wear apiece: foundation research, pro-
totype development, and evaluation. As Figure
1 shows, we usaed a trianpulated methodology
b0 get at the actual nature of worker behaviors
and the work setting, as no single method is suf-
ficient to understand the complexity of human
behavior.

In the first year, we developed a descriptive
model of individual and team cogniton, which
provided the basis for prototype development in
the second year and the criteria for prototype
assessment in the third wvear. The research team
folloeed a process shown in Figore 2 during the
first vear, which mehoded three CSE phases: prep-
aration, knowledge elicitation, and analysis and
representation. While waiting for instintonal
review board approval, theresearch team prepared
for field studies by interviewing selected clini-
cians at the research site by phone o leam imnfor-
mation about the BICLT This provided the basis to
develop an interview guide to organize data col-
lection efforts during field visits.

Data collection. The research team col-
lected data by making four weeklong visits to
the BICU. The timing of these wisits was
plamned for different periods of the acadenuic
training calendar in this teaching facility. Dur-
ing each wisit in Year 1, we conducted formal
interviews and collected or documented arti-
facts (e.z., forms, information displays) that
participants use to help them accomplish their
wiork.

Observarion. Research team members con-
ducted 31 obssrvations with the BICU staff
members, including nurses (bedside, charge, and
wionnd care), residents, attending phy sicians, and
therapists (physical, occupational, and respira-
tory). They also circulated through the BICLU to
obsery e clinical actvities over B-hour shifts and
asked occasional informal questions of those
whio had consentsd o participate in the stady.
The daytime and evening observations contrib-
uted to our understanding of the BICU in ways
that might otherwise have bean overlooked. We

also observed and recorded interdisciplinary
rounds using a handheld video camera to capture
howr the clinical team interacted and wsed arti-
facts such as sign-out sheets and task lists.
Recordings were made for future reference on
hirer clinicians use and share information, inclhd-
ing anifacts. Recordings were later de-identifisd
using wideo-editing softerare. When clinicians
interacted directly with a patient, the research
team used audio recordings to capture how infor-
mation was shared.

Tnterviews. The research team conducted 49
semistructured cognitive task analysis inter-
views lasting 30 to 90 mimites with members of
the BICU clinical staff following the interview
guide that was developed in the first 6 months
of the project. Cognitive Task Analysis is “a
family of methods used for studying and
describing reasoning and know ledge . . . to find
out hoer they think and what they know, how
they organize and structure information, and
what they seek to understand better™ (Crandall,
Klein, & Hoffman, 2006, p. 3). As the most
common method wsed to elicit knowledge, the
cognitive task analysis interview's structure
enables the mterviewers to follow a predeter-
mined path to probe deeply into a subject matter
expert’s tacit knowledge and discover unantici-
pated insights. Two researchers interviewed
gach climeian mdividually. One acted as lead
interviewer, and the other took real-time notes
on a laptop. Using a Critical Decision Method
procedure, we sought to learn how participants
experienced an event that pressed them to their
limit and what information they had and needed
in those circums tances.

Artifact analysis. People actvely manage
the dvnamic characteristics of their work setting
by drawing on a deep knowledge of their work
domain to create and use artifacts. The objects
that they create, affirm, change, and discard
reflect the nature and changes that occur in the
life of a group. Identifying the world of physi-
cal, social, or abstract objects that people create
makes it possible to understand their actions
(Marman, 19933 Al research team members col-
lected de-identified information and printouts or
pictures of the 20 information sources that the
BICU staff used to do their work. These
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Fipure 1. Cooperative Communication System: Project research design.
Copyright © 2016 A pplied Research Associates. Used by permission.

artifacts included 3 types of commmnication — computer information sources ranging from the
{land line, cell phone, email on phone), 3 that patient’s existing medical record to his or her
usad a combination of computer and hard copy  outpatient record, orders for laboratory tests
printout {arterial blood gas analyzer, vital signs and x-rays, blood plucose management soft-
monitor printout, and protocols'guidelines), 3 ware, murse schedule, x-rays and scans, the
paper artifacts (daily wound care plan, sipn-out unit’s  wound-tracking  software, software
sheet, and charge nurse checklist), and 11 desipned to manage burn fluid resuscitation, the
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Fipure 2. Data collection and analysis procass.

Copyright © 2014 Applied Research Associates. Used by permission.

mutrition program that the dietician developed,
email, and databases that populate the displays.

Dara anralysis. Members of the research
team met for multday sessions after each site
visit t0 analyze the data. The analysis process
imvolved several iterative steps that included
multiple passes through the data, group discus-
sion, gap filling, data reduction, and synthesis.
Participants took care to link each finding back
to specific data elements. The analyses checked
on the credibility of findings, consistency, coln-
prehensiveness, and centrality, which made it
possible w0 understand what matters in the
research setting and why.

Adfter each data collechon trip, ressarch t2am
members reviewed the set of interview and obser-
vation notes and held team discussions and work
sesmions to characterize emerging themes and
identify remaining research questions to inform
subsequent data collection. Using the thematic
categories developed during the group working
sazzion, the 3-member amabesis team segmentsd
and coded mterview sections that were relevant to
each theme using Dedonse {(www.dedoose. con),
a commercially available qualitative data analysis
program. The team members first coded a pilot
sample of mterviews independently and then met
0 compare use of coding categornies, identify con-
sistent and inconsistent application of categoriss,
and discwss discrepancies. The result of these dis-
cussions was a refined set of category descriptions
that prowided ponidance for subsaquent data cod-
ing. Afier the pilot, the analysis team coded the

rest of the data set, which included 49 interviews
and 31 ohservations. In all, 727 data ex cerpts were
coded by thematic category.

The analysis team then posed questons to
identify the “main takeaways" such as “What
challenges are they facing?™ Each member docu-
mented the findings from the review and interpre-
tation of the coded data. The team then Teviewed
the full sat of findings developed by ndividual
members and clustered the items based on similar-
ity. The key question puiding this symthesis was as
folloes: “What is getting in the way of efficient
and effective patient care and team coordination?
Folloraring the synthesis activity, the anakysis team
created initial requirements for the OCS by asking
questions about each bamrier' challenge:

* What does the clinical team nead to overcome that
challenga?

* What system or display features could help
ad dress that challenga?

# What is the anticipated effect of meeting that
Tequirement on team coordination, efficiency, and
patient cara?

In addition to holding sessions after each data
collection wisit, the ressarch and analysis teams
met for additional sessions to identify bamiers
0 cophitive work on the unit and derve systam
requirements to owercome barriers.

Dhuring Years 2 and 3, the research team per-
formed teo further CSE phases: application
design and evaluation.
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Application Design and Development

Participatory design. Research, analysis,
programuming, and ML team members met for a
2-day data analysis and design workshop in
December 2013, The co-principal investigator,
who is an MD, participated from the research
site using Face Time. During the workshop ses-
gion, participants developed interface design
concepts that would embody the design require-
ments. They bepan by asking for preferences
about what should be in a clinical information
display, then jotted down and shared ideas using
Post-It notes that were placed on a white board
and grouped into themes and categories. They
divided into smaller groups to design rough rep-
resentations of interfaces based on the notes and
then present the concepts to the larper proup.
Results prowvided the interface desipner with
beginning concepts to develop into information
desipn prototypes.

Research, development, and ML team mem-
bers held a similar design session at the research
gite in February 2014, Twenty-six clinicians—
from marses to technicians, resid ents, and attend-
ing plysicians—used the same approach as the
December session to capiure insights, A number
of those who panticipated had also been inter
viewed during Year 1. After that, the designer
developed seweral wversions of the interface,
resulting in an information design prototype
based on'Year 1 findings and requirements.

Agile developmenr. The programning team
developed a flexible architecture for the CCS
and organized it into seven essential compo-
nents. They used JIBA (https:/werer.atlassian
com'softwarefjiral, a commercially available
database software for project tracking, to man-
age requirements so that results reflected Year 1
research findings. Frequent creation and review
of prototypes enabled the research and clinician
team members to rapidly review and refine each
element.

Evaluation

Validation imterviews. Three research team
members visited the BICL in March 2014 for a
desipn review and wvalidation of information
desipn display prototypes. Three nurses, two resi-
dents, and members of the client team offered
comments on the concept representatons. MNone

had been interviewsed during Year L. The research-
ars wentfied pape in the interface content and
improvements that could be completed before
programming began. They also verified the key
systems requirements with selected members of
the BICLT staff.

Usabdiry assessment. The research team
conducted 45-mimte usability assessment ses-
sions (Rubin, 1994) with 43 clinicians {13 phy-
sicians, 20 nurses, and 10 respiratory therapists)
at the research site in Mowvember 2015, All three
roles use IT support to make clinical decisions,
and only a few had previoushy participated in
the project. Two rooms of the BICL were each
outfitted with a laptop that could comect wire-
lesshy to the Federal Information Processing
Standards—compliant Amazon  Government
Cloud server where the CCS prototype was
installed. A video camera was s2t up in each
room 0 look owver the shoulder of the partici-
pant to record how each used the CCS and to
capture comments. The recording could then be
referred 0 in case we had amy questions about
oul written notes, After confirming consent and
attending a 5-mimute orientation of the display,
12 physicians and 20 mrses were asked to per-
form two hypothetical vet clinically relevant
scenarios—preparation for surgery and new
admission—while speaking aloud for Verbal
Protocol Analysis. One semor attending physi-
cian provided comments on the prototype but
did not perform scenario tasks. Ten respiratory
technicians performed the new admission sce-
naric. Each participant was asked a mumber of
questions requiring a decision about the patient.
In each room, a facilitator and an observer col-
lected quantitative data (e.g., how long it took a
participant to answer each question) and sulbyjec-
tive Tesponses to 18sues (e.p., ease of use, trust
in the CCS, comparison with the current IT
systerm).

FINDINGS

Barriers

We identified 21 key challenges and bamriers
to safe and effective clinical care on the BICL
that are listed in Table 2. Many of them could
be addressed bw the CCS system. For example,
while following a bedside murse, an observer
noticed that the morse looked in the slectronic
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TABLE 2: Bum Intensive Care Unit—Challenges and Barriers to Effactive, Efficient Patiert Care

Mo effective means to synchronize aspects of patient care.

Lack of awareness of activities/events that are tightly coupled.

Mo efficient way to communicate changes in patient status across disciplines.
Updated information (e.g., cultures) iz available but not accessiblefisible.
Orders are often late, missing, or overtaken/raplaced by other orders.
Reliance on verbal orders; no standardized way to share them.

Lack of coordination between shifts.

Documentation requires significant time from key members of the clinical team:

IT issues and work process requirements frequently require redundant and/or repeated information

capture and data entry.

Documentation also compounds the cognitive workload and attention management issues for clinical

staff.

Trend data were identified as important but unavailakle from the existing electronic medical record or

other IT.

Tracking patient indicators over time =24 hours is difficult.

Cognitive worldoad: clinicians must mentally integrate data.

Delayed information updates means that system informiation is sometimes stale/finaccurata.
Knowledge of resource availability: Whe is on unit (e.g., clinical team members, consults)?
Coordination betwean burn intensive care unit and opsrating room:

Do net know if patient is eady for procedure.

Do not know enough about procedure to prepare effectively.

Rounds cheacklist not readily availablefaccessible to all members of clinical team.
Dropped tasks, gaps, and lapses not tracked; impact not known.

Respensibility for management/completion of checklist items is unclear.

Substantial staff time spent tracking down in-process items (medicine, laboratory results).

Reliance on nurses to track and fix information gaps.

Rescurces and needs are poorly matchad.

Errors (e.g., wrong orders) require the unit members to correct, redirect, back up, clarify.

Mote, Nemeth, Anders, Dominguez, Crandall, and Grome (2014). IT = infarmation technology.

health record to figure out the medications that
the patient required. Thenurse wrote them down
on a piece of scratch paper and walked to the
mrse’s staton w0 find another mirse w0 co-sign
into the Pyxis dispensing unit; then, both walked
to the Pyxis unit to get the medications. Onky
then was she able to go back to the patient’s
room and administer the medications. Use of
the CCS would spare these wiork-arounds, as it
draws data from multiple sources into a wnified
picture of patient and wnit data.

Requireme nts

The research and analysis teams reviewed
the information needs that we had identified as

barriers to cognitive work (Table 2) and used
them to develop a series of 39 requirements for
the CCS. Requirements describe what the CCS
winld do o make it possible for care prowid-
ers to overcome the bamriers. For example, the
barrier “copnitive workload: clinicians must
mentally integrate data™ evokes a need: “Clini-
cians need a holistic'macroview of the patient’s
trajectory (e.g., has the patient gotten better or
worse over last 24 hours?)."” To overcome the
barrier, the CCS would need to provide “trend
data and key indicators (e.g., for each of the
main bodily systems)” and “trends on witals,
wound healing, medication dosing, infections™
with the anticipated bensfit of a “climcian
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TABLE 3: Translation of Barmier Imto Requirements and System Features

Problem/Barrier Meads/Requirsmearnts

Systern Featurs Concapts  Anticipated Effects

Mead to determine
optimal tirming and
sequence of activities

Mead awareness of

planned/schadulad

Mo effective means to
synichromize amd adapt
different aspects of
patient care over the
coursa of a shift (e.g.,
among RN, OT/PT, patient care activities
wound care nurse) {e.qg., wound care,

Lack of awareness arcund  rehabilitation, line

activities/avents that changes)
are tightly couplad Means to share the plan
Mo efficient Means to adapt the plan

in real time and share
changes across the
team.

Bedside nurse needs
to shift the goals and
pricrities

Means to know how
charges in orders
affectichange planned
activities

Means to know what

communication of
patient status change
across disciplines

Wisualization of patient  Patients get needed
schedule for shift care with fewer
{Patient = Time), delays
shareable across team Efficient use of staff

Ability to sequence or time
overlap patient care  Reduces unmet

activities treatment plars and
Corfigurable patient intentions
groupings Supports replanning—
Prepackaged text to helps staff identify
indicate changes to windows of
schadule (e.g., there is  opportunity

a half-hour dalay in FT)
Sequence, time of
planned activities
Provide reason for delay
and remedy {using
prepackaged test)
Cwerview through time
for unit management
Visually connect
intardependent evants

plarned events are and Promptinotify

whio needs to be there
Practitioners need to

understand what is

going on with their

group of patients across
the shift jwhatever their

group happens to ba)

approprigte person
when change affects
their activity (e.g.,
when wound care
affects PT/OT and RT)

Mote. Nemeth, Anders, Dominguez, Crandall, and Grome (2014). OT = occupational therapist; PT = physical thera-

pist; RN = registered nurse; RT = respiratory therapist.

better able to focus on problem detection, antici-
pate need for changes in treatment plans, and
optimize decision making around patient care.”
Table 3 prowides another example of how sys-
temn features can satisfy multiple requirements,
rather than mapping one-to-one. The andly-
sis team translated a number of barriers into
requirements that then guided system features
intended to mprove patient care by supporting
decizion making and comimunication.

The research and analysis teams followed a
similar process, shown in Table 4, to develop a
model of cognitive work that puided the CCS

development. Aspects of clinician cognitive
wirk that we had discoverad through data col-
lection and analysis meshed effectively with the
kinds of macroco gnitive activity shown n Table
1. These enabled us to determine what the unit
needed to support cognitive work and what kind
of activity it was. For example, we frequenthy
observed clinician efforts to reduce the uncer-
tainty and manage the ambiguity that is inherent
in highly dynamic emwironments such as the
BICUL Clinicians had to efficiently get the par-
ticular, current, and accurate information that
they needed “Tight then.” This was an activity of
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11

TABLE 4: Translation of Observed Cognitive Wark Into Activity

What Helps/Supports Team

Azpects of Cognitive Work Cognitive Work? Analysis Category
Reduce uncertainty Tirmely, acourate information Clarification
Marage the ambiguity that is Ability to efficiently get to the Orders

inherent in highly dymamic
environments such as the bum
intensive care unit

“right then*

particular information nesdad

IT that effectively highlights gaps

and indicates when updates are

available

Good interface design

Mote. Nemeth, Anders, Dominguez, Crandall, and Grome (2114 IT = infarmation tedhnalogy:

Farctias Waid Actiatier Lk
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Fipure 3. Descriptive model of bum intensive care unit cognitive work.
Copyright © 2014 A pplied Research Associates. Used by permission.

cognitive work that we termed clariffcanion. A
decision support system that effectively high-
lights paps and indicates when updates are avail-
able would make that clarfication possible
through good interface design.

Complexity in the clinical setting can hide
these wnderlying pattems in cognitive work that
oceur in this NDM work satting. By creating the
descriptive model of copnitive work (Figare 3),
we represented how BICU clinicians synchronize
care through tasks and activities. The unit’s main
function is shown at the model’s top level (far
left): synchronization 18 the coordinaton of care
among clinicians ower tme. Clarification, coordi-
nation, negotiation, and anticipation are the activi-
ties that unit members perform to synchronize
care. Tasks that make up each activity, shown at

nght, can be observed in the way that clinicians
interact and use information soulces to minimize
uncertainty. These are the mission, activides, and
tasks that the CCS is desipned to improve,

Dwring our fieldwork, we kept track of the
information sources that the clinicians men-
tioned, which are shown in Figure 4. This helped
ug 1o knoeer what informiation clinicians rely on,
where the information can be found, the various
clinical roles that use them, and the range of
locations that individuals had to go to perform
their work. As important as these sources are,
none of them are connected. To use infommation,
care team members must find, collect, transcribe
and assemble it. The CCS architecture would
need to include these elements to integrate them
into the system prototy pe.
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Figure 4. Bum intensive care unit information sources.

Copyright © 2014 Applied Research Associates. Used by permission.

The research and analysis teams developed
use cases to translate the requirements into nar-
rative descriptions of how the system would
support clinician cognitive work, These descrip-
tions enable the research team and designers!
developers to conduct an informed comversation
on how the sohation would function in the BICT
context. The following excerpt shies how the
CCS would address one of the barriers: the need
o track orders, such as laboratory tests that are
processed off the unit. System capabilities that
might help clinicians to overcome the issue are
shown in bold text:

When checking the orders stams (from
the existing electronic medical record),
the resident notices a tripwire cue on the
dizplay indicating that results for a blood
culture taken at 0400 were due back from
the 1ab ne 0600, She sands a prepackaped
téxt message to the laboratory to learn
where the results are. The order line in the
patient’s status page, which the bedside
murse and burn surgeon can also see, indi-
cates that a query is pending.

Curious as to why that routine lab test
is late, the burn sulgeon opens a more
molar view that shows all pending labs
and notices that the test is delayed for
all BICU patients. Checking by phone
with the laboratory, he finds that a failed
equipment pant has slowed throughput,
and he sends a brief CCS text nobe to all
residents and bedside nurses to expect a
delay for that particular test.

Information design protaiypes. Both the 39
requirements and the participatory design ses-
sion Tesults guided the creation of information
desipn prototpes. These static illustrations
madeled how the large and complex sets of data
would best be displayed to match the way that
clinicians use it. The patent view prototype
{Figure 5) has a “parent-child” tab/window for-
mat that enables the usar to shift from a glance
at key variables for a system (e.g., cardiac in the
parent tab) to a larper display (child window)
that contains more detailed information for that
body system. The research team used the infor-
mation design prototypes to feview the concept
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Figure 5. Information design prototype: Patient view.

Copyright © 2014 Applied Research Associates. Used by permission.

with residents, nurses, and technicians before
the interactive version was programmed.

Soffware proraypes. The proprammers devel-
oped a customizabl e widget-based web Lay out that
presents a real-time view of te electronic health
record and incorporates results from ML as they
are made available via a relational database. The
CCS architecture ncludes seven elements that
were developed in response to the system require-
ments. Tracking of clinician and interface meta-
data will make it possible for ML algorithms to
better identify user information needs and display
preferences. The ML feature has the potential for
CCS to improwve and refine information displays
as tasks and roles evolve.

Patient identifier. This graphic element is
included in the unit view and patient view and
includes patient number, total burn surface area
at admission, and an indicator of illness severity
and progress based on key trends.

Unit view The unit view samves as the CCS
“splash™ screen that the user first sees when
opening the system, and it is orpanized accord-
ing to the BICTT floor plan. The view includes a
patient identifier for each individual who is
being cared for on the unit, which enables the

staff to scan among and across patients and rec-
oghize care needs at a glance. Selecting one of
the identifiers takes the user to the full patient
vigw for the person in that room.

Patient view The patient view prototype
shown in Figure & displays =320 variables for
an individual patient organized by system,
from cardiac and neurological to wound care.

The patient view is configurable, which makes
it possible to tailor the display to individual user
preferences and preserve the story of the patient
through time. Users can either accept a default
CCS wer interface view of confipure which data
elements appear and where they are located on the
display, v mowing each data element to a pre-
ferred position on the screen. Data can be viewed
as either a table or line graph. A control bar at the
top of the screen makes it possible to choose the
time frame for the display from the most recent
shift to as far back as when the patient was admit-
t2d. A change in the dme frime simmltaneoush
changes the time range for all data in the interface.
Relational information displays can also be cre-
ated by linking meaningful combinations, such as
“cardiovascular” “cardiopulmonary,” or “cardio-
renal,” to help clinicians answer questions abouat
patient condition of treatment effects.
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Fipure & Cooperative Communication System software protogype: Patient view.
Copyright © 2015 Applied Research Associates. Used by permission.

Ome feature was in development when the Machine learning. The CCS mcorporates
usahility assessment was performed in 2015, ML algorithms, which will make it possible to
and it is scheduled for validation assessment identify patterns in data that would otherwise be
later in 2016; unknown, such as trends, comparable patents

and care regimens, and the way that clinicians

Tasking, messaging, and alerting: realtime  use the system. The CCS ML capability com-

message correspond ence enabling careteamn  bines traditional open-source off-the-shelf data-
members to develop and maintain commen  mining tools with new data-mining capabilites.
ground on a patient’s history, status, progno- This improves a clinician's ability o quickhy
sis, and care plan. identify and view similarities and discrepancies

while comparing a cuirent patient’s health

Completion of three other features is planned  trajectory with those from a large database of
as future work: previous patdents. The ML feature enables clini-

cians to leverape knowledpe of the treatment

Schedul ing: tracks staff assipnments onthe unit  plans and results from all available records of

and to patient care teams, showing available previous patients on the unit who had compa-
individuals and care specialtics. rable conditions and interventions, Comparison

Order managemeni: lists orders from diagnos- with previous simnlar patent care regimens

tic tests to treatments, minimizing uncer- enables a clinician to better consider decisions
tainty about plans, status, and results. about the corrent patient. The ML feature will

Checllists: an interactive roster of quality alzo enable the CCS to identify what informa-

measures, making it possible for the clinical tion is smlient for a particular clinician or clin-
team to werify that essential evidence-based  cal role and to offer options that are better suited
care is accomplished. 0 user preferences.
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Evaluation

The evaluation phase of CSE estimates how
the solution affects thework that it was intended
t0 support. The phase determines how to best
measure performance; it tests whether the sys-
21 supports the wser; and it recommends rade-
signs to improwe (Crandall et al., 2006). We
sought to determine how well the CCS sup-
ported individual decision making and team
collaboration in climical work.

In Movember 2015, our usability assessment
evaluatad how well the CCS supported individ-
udl climcian needs o find and wse key patisnt
data. We conducted sessions on the BICL with
clinicians assigned there, to ensure the highest
fidelity to the actual work setting. The assess-
ment did not include team collaboration fea-
tures, such as communication through the mes-
saging feature, which will be evaluated in 2016,
Resulis of the assessment included responses to
questions comparing the CCS with the elec-
tronic health care record that has been used at
the site for years. Fipure 7 shows responses to
five comparison statements according to the
percentage of those who responded siromgly
agree 0T agree, newtral, Of disagree. The depres
of positive acceptance 18 notEworty in light of
the short length of time that the sample had used
the CCS prototype. Many responses to open-
ended questions complimentsd features that the
research team had leamed early in the CSE pro-
cess simultanecus display of salisnt data,
shared mental model of patient status, and spar-

ing climicians from work that the system can
handle:

Respiratory therapist: “Having the information
right there makes you think, when you can
see the trends. It helps to pull the informa-
tion together in one place.”™

Nurze: * like that CCS may bring us together
and on the same page. All members on the
team may see things the same way.”

Awending physician: “Mice to have actual and
ideal or adjusted body weight to dose dnags."

Improvements that the usability assessment
revedled included preference among mirses for
a view that included all laboratory values for a
patient and respiratory therapists” desire for a
view that summarized all of a patient’s ventila-
tOT settings.

DISCUSSION

Owr efforts over the 3 years of the project
have produced the following key results.

Key Results

Descriprive model of BICU cognitive work.
The research team’s activity i Year 1 confirmed
that clinicians use multple processes that are cap-
tured in the macrocognitive activides mentioned
earlier. We identified information that is wseful
to clinicians, obstacles that they confront, and
imitatives that they wndertake to accomplizh
their patient care goals. On the basis of our
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observations, we grouped the tasks that are impor-
tant to the performiance of coghitive work, ident-
fied the major activities that are needed to
synchronize the unit, and representad them in the
descriptive model of copnitive work (Figure 3).
The model and requirements formed the basis for
the CCS information design.

Barriers to cognitive work on the BICU
Repeated, deep looks intos unit activities through
observation and informal queries, as triangu-
lated with mterwiews and artifact analyses,
revealed impediments to the unit’s mission of
care synchronization.

Reguirements for CCS5. A descripton of
what the CCS would be and do flowed directly
from barriers to cognitive work that the research
and analy sis teams id entified.

Seven key elements. The CCS site architec-
ture 18 flexible in its configuration, making it
possible for the system to evolve as the umit
does. Each of the seven elements meeis a par-
ticular need to synchromize care among and
across patients. The patient views can be orga-
nized according to individual preferences.
Important data are organized and presented
according to theway that clinicians work, which
spares them the effort of data collection and
integration.

Valid protorype. We developed a series of
information design prototypes and use cases to
model and verify how to fulfill system require-
ments. We spent over a year translating the
concepts into interactive displays of critical
patient data with trend information, and we
tested them for usability among acteal clinical
staff. As a “platform agnostic™ softeare sys-
tem, the CCS is independent from proprietary
requirements. That makes it possible for the
CCS to integrate data from the electronic med-
ical record and warious other sources into a
unified view.

Health care IT systems must reflect actual
clinical practice to provide information that will
effectively support decision making and related
cognitive work of patient care. Up 0 now, the
rapid development of the electronic health
record—from a billing record to a repository for
all items meticulously documenting the care that

a patient has received—has created “digital piles
e 1180 pigantc, ultwieldy and unreadable that
sometimes we wind up working with no infor-
mation at all” (Zuger, 2014). In a similar vein,
one seniol clinician estimates that 95% of the
material in an electronic health record is of no
vilue, wet it requires a clinician to search through
it to find the small percentage of patient infor-
miation that actualby matters at the moment that a
decizion 15 being made (M. O"Connor, personal
communication, June 20, 2013; The University
of Chicago Medical Center, Chicago, IL). This
failare of health care [T to accurately reflect the
wirk domam and behawior creates significant
difficulties (as Table 2 illustrated) for clinicians
who care for patients.

Patient point of care relies on support for
health care cognitive work through methods that
are proven in the stady of individual and team
copnitive work to find and present salient data.
Thiz project demonstrates how the NDM
approach makes it possible to develop health
care IT that reflects and improves actual clinical
practice. It also serves as an example of the ben-
efits of close reszarch team and clinician col-
laboration from the outset.

The CCS architecture, layout, and operation
are based on understanding the BICLT as a com-
plex, emergent, contingent, high-stakes care set-
ting. The NDM approach is suited to this process
because “the MDM orientation is to be inclusive
and curious about different aspects of cognition
that will affect the way people handle the: condi-
tions such as limited time uncertainty, high
stakes, vapue gpoals, and instability™ {Orasanu &
Comolly, 1993, The research team’s grounding
in NDM enabled members to reveal the nature
of this setting (as the Findings section shows)
and create solution prototypes that are readily
accepted (as evalation results show). In con-
trast to other tradidons, such as heuristic and
biases, “the NDM mindset helps researchers to
conduct effective observations and interviews. It
enables them to capture the way people use their
experience to handle uncertainty and vague
goals and high stakes™ (Memeth & Klein, 2011

Use of the CSE approach to understand
patient care copnitive work and settings pro-
duces an IT system that is ecologically walid.
The NDM approach reveals clinician goals and
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needs and guides the development of tools to
support them. The resulting configurable dis-
plays enable clinicians to tailor them according
0 individual preferences. Its ML features can be
used to sort through the “digital piles” o make
important data evident.

Limitations

Clinicians who participated in the study were
asgigned to the wnit and worked around regular
wilk requirements. This meant that their time
was limited, but it also gave us the advantage
that all our work was done in the comtext of
actual clinical practice. The research team could
not remain on the unit continuoushy and instead
scheduled multiple wesklong wisits. To manage
that limitation, we retained a research nurse o
collect data in between wvisits. The project was
performed at one site due to modest funding,
which limited its peneralizability. We have pro-
posed further research at other sites in a follom-
on project. Information assurance limitations on
our use of patient data required programumers
and the clisnt teams w0 work in a development
elwironment that is separate from amy other
system. Funding requirements meant that not
all of the features that we identified could be
completed during this project. We have inclnded
those features in a proposal for follow-on work.

Further Wark

The walidation assessment planned for 2016
will verify how well the CCS supports collab-
oraton among team members, using a similar
scenario desipn as the usability assessment
and adding the messaging and ML features.
Criteria drawn from Year | research include
the folloering:

Efficiency—time to complete decision tasks,

Accwracy—Afidelity to preferred  decisions
according to clinical puidelines.

Reliabiliy—wahether multiple team members
make the same decision, amrive at the same
conclusion, or support the same action.

Salience—eaze with which need ed information
can be found.

Communication effectiveness—efficiency, reli-
ability, and accuracy of communication.

Trust—confidence in the system and decisions
made using the system.

The project’s transiton plan will identfy the
development requirements and final steps to
complete the CCS prototype. These include
completion of features such as scheduling,
application in a care setting other than a BICL,
and alignment with approval requirements for
defense and civilian health care systems.

CONCLUSION

Using an NDM approach, we examined BICTT
clinician decision making and other aspects of
copnitive wolk, including sense making, devel-
oping and maintaining common ground, and
adaptation and replamning. With this understand-
ing of clinicians’ cognitive work, we desipned
information representations that support their
information needs. We developed a copnitive
model of information flows, communication, and
decision making in the BICU based on the
detailed descriptions of clinician commmunication
and cognitive work. Findings to date prowide the
basis of ecological validity for the CCS decision
support and comimuncatons system. Matching
decizion and commmunication support to the work
domain and clinician can improve point-of-care
individual and team cognitive work., We expect
use of the CCS to increase clinician efficiency,
reduce the potental for misadventures, and, as a
result, improve patient outcomes.
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Abstract

Objective: We sought to improve individual and team clinical decision making in the
Burn Intensive Care Unit (BICU) using a novel health information technology (IT) that provides
real-time decision and communication support, presenting clinicians with salient information that
may reduce misadventures.

Design: Our usability assessment measured clinician performance of 3 common ICU
tasks in 2 scenarios: preparation for surgery and new ICU admission. A validation
assessment compared BICU team performance during two 6-hour simulated patient care
scenarios; one with and one without the novel IT system. Observation and thematic coding
of field notes measured pre-specified task elapsed time and completion.

Setting: Simulated care scenarios conducted in real BICU.

Participants: BICU clinicians: physicians, nurses, therapists, and physician trainees.

Intervention: A novel IT system that supports decisions by displaying salient information,
and improves situational awareness through integrated communication software.

Measurement: Primary outcome measure was time to complete pre-defined tasks.
Secondary outcome measures were participant perceptions of ease of use and
communication effectiveness.

Main Results: Paper summarizes findings from two assessments of the novel system. In
the usability assessment, clinicians using the novel system performed several tasks faster and
reported it was easier to use than the legacy EMR system. Using the novel system in the
validation assessment, first year resident arrived at an accurate sepsis diagnosis the same time as

a senior resident with 4 years’ more experience, and the senior resident arrived at an accurate



ARDS therapeutic decision 2 hours earlier than the first year resident. Teams strongly favored
the novel IT system for communication compared to using pager and phone.

Conclusions: The novel IT system demonstrated robust face validity as measured by
clinician preferences, appears to reduce time to complete complex tasks including pre-rounding,
and improved the efficiency of clinical decision making by novice and more experienced

clinicians.

Key words: Intensive care, burn care, health IT, decision making, communication, teamwork



1. Introduction

Care for Burn Intensive Care Unit (BICU) patients is complex and requires a team of
highly trained, experienced clinicians to synchronize efforts in order to achieve optimal
outcomes. Care is complicated by risks posed by information overload (1), alarm
fatigue (2), workload saturation (3), task interruptions (4), and communication
challenges born from differences in clinical perceptions, care priorities, and
professional identities (5). Individual and team medical decisions are best made with
current, accurate information. Effective presentation of the most important, or salient,
information (6) promises to improve clinical decision making (7).

The electronic medical record (EMR) has evolved as the presumed means to
support clinician decisions by documenting and retrieving needed patient information.
Some have shown the EMR improves patient care (8), or supports compliance (9).
Others (9-13) question the effectiveness of such systems on patient outcomes, or
indicate that results using the EMR and clinical decision support are mixed (14-17).

Research on decision aids suggests that the way a problem is presented can improve,
or degrade, clinicians’ cognitive work (18). Cook, Woods, and Miller (19) reported that
patient safety research “strongly supports the use of decision support tools to improve
human performance.” Cognitive artifacts (e.g., information systems, checklists) that
clinicians use to perform cognitive work shape decision making and collaboration (20).
Well-designed representations can make a task easier by integrating multiple kinds of
information in a compact, efficient manner (21, 22). Combined with machine learning
engines that reveal implicit patterns within the data, patient and unit level displays

could improve clinical judgment and decision making (23).



Our research team developed a novel IT system for a 16 bed Burn ICU using
Cognitive Systems Engineering (24) methods. The unit is co-located in a 450 bed
military Level 1 trauma and academic medical center. Our research (25, 26, 27)
identified twenty-one barriers to cognitive work, which yielded thirty-nine software
requirements, and seven key modules (See supplementary material Tables S1-S3,
available with this paper) that could improve team decisions, enhance patient safety,
and patient outcomes. The novel IT prototype incorporated over 320 elements of
information in a Patient View (Figure 1) and also included text messaging (Figure 2) to
support team collaboration in real time. Designed to incorporate multiple data sources
into a single interface, the novel system “sits on-top” of an EMR and can extract the
most important information from the EMR database in order to display it according to
clinical practice, produce multi-modal alerts, and support clinician awareness of a
patient’s condition. By using metadata and machine learning engines, the novel system
can track how users seek information and evolve in response to an individual user’s

needs, new scientific evidence, and changes to clinical practice.

2. Methods

This paper reports on two assessments we conducted to evaluate a prototype of the
novel IT system that our team developed. We evaluated the how using the novel IT
system affected clinicians individual and team performance in a Burn ICU. We
conducted a usability assessment and a validation assessment of this prototype in an
typical BICU patient room (Figure 3). Both assessments were performed under

protocols approved by the local institutional review board and the Department of



Defense Human Research Protection Organization Finally, the novel information system
was connected to historical, deceased patient data in a protected IT development

environment to evaluate it with real patient data.

Usability Assessment

We evaluated how well the novel IT system supported individual clinicians using observations,
task time comparisons, and subjective ratings. We observed clinicians as they completed several
clinically relevant, information-seeking and decision making tasks. We also compared how well

the legacy system supported work on the same tasks. .

We recruited 41 BICU clinicians who routinely rely on IT to make decisions to
participate in the usability assessment: credentialed and in-training physicians, nurses, and
respiratory therapists. Each participant was given a 5-minute, standardized orientation to the
novel system and then asked to complete two typical clinical scenarios, each involving several
tasks, (See supplementary materials Figure S1) using the novel IT system. We recorded time to
complete tasks (efficiency) and compared it to an expert user of the legacy system. We
compared participant decisions to anticipated responses in order to determine efficiency,
reliability, and accuracy of their cognitive work using the novel system. Video recordings during
the assessment ensured the observer notes were accurate. After completing all tasks with the
novel system, each participant rated their effort to find information, the ease of use, and their
confidence in their decisions using the novel system as compared to the legacy system (See

supplementary materials Figure S2).

Validation Assessment



The second assessment was a case study with two teams completing two 4-6 hour simulation
scenarios using either the novel or legacy system, counterbalanced (Table 1). We used an
approach based on Rubin’s (27) evaluation methods and McGrath’s (28) model of group process
(Figure 4) to discover how either the novel or legacy IT system affected individual, group, and
environmental factors to satisfy outcome measures. The novel system interface and messaging

feature used the legacy system as a data source.

Two 3-clinician teams cared for simulated patients using a SimMan 3G high fidelity
manikin (Laerdal Medical, http://www.laerdal.com/us/SimMan3G) in an actual BICU patient
room. Performing the simulation in a real patient room spared the need to orient participants to
an unfamiliar work setting and made it possible to include environmental factors and cues that a
simulation center lacks. Teams included a burn surgeon credentialed in critical care (the
“attending™), a bedside nurse with critical care nursing certification (CCRN), and a physician in
training (the “resident”). If the teams requested consultation or action, research team members
performed as additional clinicians from respiratory therapist(s), to rehabilitation specialist(s),
nutritionist, pharmacist(s), family member(s), and subspecialty consultants. We simulated these
additional team members to avoid distracting the BICU clinical staff from real patient care
duties. On the day before the first simulation, we oriented participants to the study (See
supplementary material Figure S3), demonstrated the novel IT system including how to tailor the

display and use the messaging services, and briefed them on the high-fidelity simulator.

Each simulated care scenario unfolded according to semi-scripted scenarios of newly
admitted patients who subsequently developed clinically challenging and complex diagnoses:
either the acute respiratory distress syndrome (ARDS) or intra-abdominal sepsis. We chose these

scenarios because decisions about their therapeutic interventions are controversial. They are also



challenging to implement, potentially risky, and typically require teams to make the decisions
together. Experienced burn care providers (JCP, MSM, and SJM) validated each scenario script
twice in practice sessions. The scenarios were “semi-scripted,” because the participant teams
could potentially deviate from anticipated care. We foresaw many of these deviations during
scenario testing and developed corresponding scripts for many of them. As a result, the teams

were asked to interpret available information and to manage the simulated patient accordingly.

Each simulation began at 6:45 AM, the normal time for change of shift. Separate
handoffs to the resident and beside nurse from a research team member simulated the
“night-shift” team. Teams then had time to prepare for multidisciplinary rounds (i.e.
“pre-rounds”), multidisciplinary rounds (MDR), and post-MDR care. The scenario
concluded when teams reached key decision points (Table 2; Also see supplementary
material Figure S3, S4). Three observers watched as the teams worked, producing sets
of observer notes for each of the four scenarios. Observers coded clinical activity of
each team based on: a) decisions in the form of orders, b) search for information using
the system, c) diagnosis (problem detection) and therapeutic intervention (solution), and
d) collaboration and communication via various means including face-to-face, phone,
text, and the message feature in the novel IT system. Each observer recorded and time-
stamped activity for one of the three team members. At the end of each scenario,
participants rated their teams’ decision making, communication, and performance and
rated both IT systems on a 7-point scale in terms of support for their cognitive work.
We collected data on the time it took to arrive at a key decision, information seeking
behaviors, communication and decision-making processes, use of the novel IT system messaging

feature, and post-task ratings using a brief survey (See supplementary materials Figure S5). This



made it possible to examine differences between the novel IT system and the legacy system.
Given a small sample of just two teams for this initial validation assessment, our analyses
focused on descriptions of the process and examined consistent themes across different data

sources.

Coding Scheme. Coding focused on cognitive work that was expected to be influenced
by IT system use (e.g., searching for information, making decisions, coordinating with
the team, detecting problems by perceiving patterns, integrating information to evaluate
trends, asking questions, making recommendations). In the weeks before the validation
assessment, observers practiced using the coding schemes together in real time and
identified, discussed, and resolved coding discrepancies.

Statistical Analysis and Outcome measures.

We analyzed quantitative data using a combination of t-tests, one-way analysis-of-
variance (ANOVA), and multivariate-analysis-of variance (MANOVA). Qualitative
data were analyzed using thematic analysis; a descriptive method.

There were three primary outcome measures: time to reach a key decision in each of the
two scenarios, ratings of perceived effort and efficiency using each IT system, and ratings of
system support for team communication. We examined the effect of the novel system compared
to the legacy system on team decisions, key coordination processes using the systems, and post-

task ratings from the teams.

Results
Usability assessment
Forty-one clinical staff members participated: 11 physicians, 20 nurses, and 10

respiratory therapists (RT). Participants were experienced, with 90% of the nurses, 53%



of the physicians, and 50% of the RTs having more than 7 years of service in the BICU.
One senior physician chose to provide comments and did not perform the tasks. All
participants who used the novel system were able to complete all tasks successfully.
One nurse completed the tasks using the legacy EMR and is shown for comparison with
the median time for 20 BICU nurses to complete the tasks using the novel IT system
(Table 3). We were only able to complete one legacy system assessment because it
included actual patient outcomes, making it difficult to blind subjects to decisions that
had actually been made.

After each task, the participant was asked to rate the system on several
dimensions of usability. All clinicians rated the overall effort while using the novel IT
system to be low compared to the legacy EMR (Table 4). For the admission scenario,
there was a main effect of Role on ease of use ratings, F(1,39)=3.5, p =0.039, and ease
of finding information, F(1,39)=4.24, p = 0.042, with physicians rating the novel
system as easier to use than the respiratory therapists. MANOVA of Role on effort
revealed that nurses reported marginally significant higher effort ratings than
physicians for finding hemodynamic status, F(1, 30) = 4.03, p=0.054, and finding
information to answer a question about the patient’s volume status, F(1, 30) = 4.87,
p=0.035.

Clinicians preferred the novel system over the legacy system (Table 5).
Comments by nurses and RT’s suggested the novel IT system’s organization by body
system was better suited to a physician’s perspective. In response to their requests we
added a summary display of all lab data and all ventilator settings to the prototype

before the validation assessment.



Validation Assessment

Table 6 shows years of experience for the participants in the validation assessment. Team 1
averaged more experience in general (M=8.3, SD=2.6 vs. M=6.3, SD = 4.2), but team experience
was equivalent in the BICU (M=4.3, SD 4.4). Supplementary materials Figures S4 and S5 show
decisions and the time it took to reach them. Pre-defined important decisions that indicate an
accurate decision are shown in bold type. In the sepsis scenario, Team 2 identified the diagnosis
of intra-abdominal sepsis at the same time as Team 1 using the novel system and in the ARDS
scenario, Team 1 arrived at the choice to treat the patient using prone positioning nearly two
hours before Team 2. The junior resident using the novel system also explored additional

potential diagnoses including deep vein thrombosis and Lyme disease.

Participants rated the novel system as more effective than the legacy system for
supporting decision making (Table 5). A MANOVA of System on information
integration and decision making revealed clinicians tended to favor the novel IT system.
Post-task ratings across the two systems for identifying trends in the patient’s
condition, F(1,10) = 5.3, p = 0.067, and easier to use to make decisions, F(1,10) = 5.3,
p =0.09, were marginally significant and higher for the novel system compared to the
legacy system. In addition, Participants rated team communication facilitated by the
system as more effective for the novel IT system than the legacy system. Independent t-
tests revealed that Participants rate the novel IT system as easier to use for
communicating with team members collapsing across both scenarios, t(10) = 2.7, p =
0.021 and the communication was more effective with team members using the novel IT

system, t(10) = 4.3, p = 0.01.



3. Discussion

Our usability and validation assessment data suggest that use of the novel IT system improves
decision efficiency without compromising accuracy. Clinicians favor the novel information
displays and communications software over a traditional EMR display and traditional means of
communication. The system appears to improve clinician confidence in decision making and

communication while reducing the effort that is required to find salient information.

More accurate and efficient decisions shorten patient length of stay and reduce the
potential for misadventures. The novel IT system supported both teams even though their
decision strategies differed. Each team used the IT system to share basic information about the
current state of the patient, which is what Endsley (29) refers to as Level 1 situation awareness.
The novel IT system supported option evaluation, problem detection, and decision making,
which enabled teams to develop a shared understanding of a patient’s status (Endsley’s level 2

situation awareness) and evaluate plans for future care.

Decision Support IT

Our own findings reflect many of the shortcomings Mack and Saldivar (31) consider
typical of current EMRs, from requiring users to tab and type information into cells
(time consuming and error prone) to scrolling through multiple pre-formatted pages,
regardless of patient problem or user needs, and lack of advanced features (e.g., critical
event reporting), smart chart clinical decision support, and the ability to control

external devices.



Similar to Patel et al (32) and Pickering et al (33), we conducted field studies of
clinicians to develop and refine novel health IT that supports cognitive work in the
ICU. Pickering et al (34) developed an interface to manage information overload, while
controlled experimentation has shown that some of these new interfaces are effective in
error reduction and task load management (1).

Results from our usability assessment demonstrate that our novel IT system meets
clinician needs for decision support while improving efficiency without compromising accuracy.
The validation assessment results suggest that clinical teams with less experience may perform
similarly to teams with more experience (e.g., time to reach sepsis diagnosis) when supported by
novel IT while the same system may improve experienced team performance as well (e.g., time
to reach decision about use of prone positioning to manage ARDS). Furthermore, participants
rated the novel system as more effective than the legacy system for supporting decision making

as well as communication.

Effective IT systems support team efforts to develop shared understanding, enabling them
to detect problems earlier, evaluate their options and provide better care. In this paper, we
provide evidence that the novel IT system, designed using a cognitive system engineering (CSE)
approach, was effective. Our novel IT system was designed to support different views of the
information, and may be tailored for different tasks, roles, experience, and patients. Its modular
design enables a user to customize information display. For example, information displays may
be tailored to support a new admission or an emergency inpatient response; two scenarios that

require vastly different information to efficiently, reliably, and accurately manage them.

Participants using our novel IT system with minimal training easily completed six

information search and decision making tasks and rated the experience favorably compared to



their experience with a traditional EMR. During simulated patient care, clinicians found the
novel system improved their ability to find and share information more effectively and
efficiently. This led teams using the novel system to evaluate more alternatives without

increasing time to diagnose.

Consistent with naturalistic decision making research on experts (35), the more
experienced resident considered fewer options, and then evaluated each option until it could be
ruled out. In particular, the resident with 4 fewer years of overall medical experience used the
novel IT system to evaluate more potential diagnoses (e.g., deep vein thrombosis), one of which

was correct (perforated bowel).

Our results are consistent with conclusions by Patel and Arocha (36) that
effective decision making in an ICU needs to be supported to allow all clinicians to
gather and share information to best support patient care. One team used the novel IT
system to broadcast data in order to maintain fellow team member awareness of patient
status, while the other team was more select in their messaging. The novel IT system
provided a means for the teams to establish a shared understanding of the patient’s
status (37), and engage in collective sense making. It also supported all three levels of
Endsley’s situation awareness model (30).

Limitations.. The patient census grew past planned safety limits 2 days before the
scheduled sessions. W successfully executed the assessment by shifting to a back-up plan in
which research team members filled ancillary roles to assist the 3-member teams. In the
validation assessment, the patient’s acuity increased relatively rapidly, which led teams to spend

more time at bedside (and away fromthe IT systems) than normal. The project was performed at



one site, and with two teams, and two diagnoses which limited its generalizability. The team has

proposed further research at other sites in a follow-on project.

Future Work. Those who conduct similar studies to validation assessment should
consider a more gradual change in patient condition, and simulating more than one
patient. The next phase will transition the novel system from research to development.
Three features (data entry, scheduling, and checklists) will be completed that our
research identified as essential to clinical work but were beyond the scope of the initial
project. Validating the system’s machine learning (ML) algorithms will make it
possible to identify patterns in data such as trends, comparable patients and care
regimens, and the way clinicians use the system. We intend to implement the novel
system in another facility to prove its effectiveness beyond the BICU. It will also be
paired with other suitable systems (e.g., EMR, medical devices, databases) so that it can

serve as a data integrator.

Conclusions

Use of a Cognitive Systems Engineering approach has resulted in a flexible novel health
IT system that effectively supports clinical cognitive work in an ICU and one that
clinicians favored over a traditional EMR. The system is designed to be modular and to
evolve with science, new technologies, and changes in clinical practice. More efficient
and reliable decisions that maintain accuracy and that help to form consensus among
team members by using salient information should translate into improved patient

outcomes and safety.
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Figure 1: Novel IT System Prototype Patient View
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Figure 2: Novel IT System Text Messaging Feature
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Figure 3: Usability and Validation Assessment on the BICU

Copyright © 2016 Applied Research Associates. Used by Permission.
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Table 1: Validation Assessment Study Design

Team Day O Day 1 Day 2
1 Orientation Sepsis Scenario ARDS Scenario
Legacy IT System Novel IT System
2 Orientation ARDS Scenario Sepsis Scenario
Novel IT System Legacy IT System

Table 2: Validation Assessment Scenario Key Decision Points

Scenario 1 - initiation (delivery) of antibiotic therapy,
Abdominal Sepsis - decision to perform diagnostic procedure (i.e., diagnostic
peritoneal lavage or exploratory laparotomy),
- decision to perform exploratory laparotomy or transition to
palliative care,
- communicate with the family/patient’s decision maker

- initiation (delivery) of antibiotic therapy,
Scenario 2 - paralyze the patient,
Severe ARDS - order the rotaprone bed,
- initiation or decision not to initiate inhaled nitric oxide therapy,
- consult the ECMO service, decision to cannulate or forgo
cannulation for ECMO
- communicate with the family/patient’s decision maker

Table 3: Usability Assessment IT System Comparison by Time (sec) to Complete 6 Tasks

Scenario and Task Legacy Novel SD
n=1 n=20
(median)

Scenario 1- Preparation for Surgery

1--Is the patient's hemodynamic status getting 164 130.5 199.91
worse?
2--Is the patient’s pulmonary status getting worse? 395 69.5 49.69

3--Is the patient’s volume status getting worse? 255 108.5 75.51



Scenario 2-New Admission

1--Based on the vital signs and 1/0Os, what do you 205 87.5 84.42

recommend for fluids: increase, decrease, or remain

the same?

2--Based on his glucose levels, do you recommend 53 25.5 42.87

that he be started on an insulin drip?

3--Based on the patient’s lab values, do you think he 165 64.5 78.67

should be started on CRRT?

Table 4: Usability Assessment Subjective Ratings Using Novel IT System

Ratings: 1 (Strongly Disagree) to 7 (Strongly Agree)
Scenario 1-Preparing for Surgery Mean SD
I am confident in my decision/recommendation. Nurse: 5.2 1.3
(56.3% Agree/Strongly Agree) Physician: 5.7 1.1
The system was easy to use to make this decision. Nurse: 4.7 1.7
(48.4% Agree/Strongly Agree) Physician: 5.6 1.1
The system enabled me to quickly find the Nurse: 4.9 1.8
information | needed. (56.3% Agree/Strongly Physician: 5.7 1.4
Agree)
It was straightforward to find the information | Nurse: 4.75 1.8
needed. Physician: 5.33 1.37
(53.1% Agree/Strongly Agree)
Scenario 2-New Admission
I am confident in my decision/recommendation. Nurse: 5.85 0.67
(70% Agree/Strongly Agree) Physician: 6.10 0.73

RT: 5.7 0.76
The system was easy to use to make this decision. Nurse: 5.60 1.2
(57.5% Agree/Strongly Agree) Physician: 6.10* 0.57
RT: 4.8 1.31

The system enabled me to quickly find the Nurse: 5.55 1.2
information | needed. (52.5% Agree/Strongly Physician: 5.70 1.16
Agree) RT: 4.8 1.31




It was straightforward to find the information | Nurse: 5.50 1.05
needed.(55% Agree/Strongly Agree) Physician: 6.20* 0.92
RT: 4.9 1.37

Table 5: Participant Ratings Comparing the Legacy and Novel IT Systems
Ratings: 1 (Strongly Disagree) to 7 (Strongly Agree)

Legacy Better Neutral Novel Better
Information Search (Ratings 1-3) (Rating 4) (Ratings 5-7)

I can find the information | need in
[the novel IT system] more quickly 24.4% 9.7% 65.9%
than | can using [the legacy system]

I can find the information | need
more easily than | can using [the 14.6% 19.5% 65.9%
legacy system]

Usability

The [the novel IT system] is easier to

0, 0, 0,
use than [the legacy system] 150 19.% 66%

I would feel more confident making

future clinical decisions and

recommendations using [the novel IT 19.5% 22% 58.5%
system] than using [the legacy

system]

[The novel IT system] supports the
way | do my work better than [the 17.1% 19.5% 63.4%
legacy system]

Table 6: Validation Assessment Team Experience



Years of Experience Years on BICU

Attending Resident  Nurse Attending Resident Nurse

Team 1 10+ 5 10 10+ 1 2

Team 2 10 1 8 8 <1 2




Appendix E. Evidence of Usability-Burn ICU Decision Support.

Evidence of Usability
Fvaluation of Burn ICU Clinician Decision Support

Chnstopher Nemeth, PhD, Tony Hamalton,
Dawn Laufarsweiler, Josh Blomberg
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Abstroct—Burn Intensive Care Unit (BICT) cinicians and
chinical teams meed to make tHme-pressored diagpostic and
therapentic dedsions as they care for fragile patients. The
decisions and related behaviors that we term “cosmitive work™
redy on complexr sets of formation that are correstly
fragmented amonz mobiiple databases. The efforts climicians
muost make to nse them and other informafion sources pese
bamnthtdda\pamlltueandmmecmcmlm;ﬂ:d
stay, and the potential for misadventmres. We report on the
results of a usability assessment to evaluate the decision and
commnuication support prototype that we have developed over
fhe past three vears. Inifial results mdicate the research desisn,
development, 3 well as close collaborafion ameoms researcher,
developer and climiciam have resalted im a profofype that
chnicians  indicate soccessfully sopports their worle We
anticipate that befter sopport for dedsion maldng and
communication amons members of the ICT staff who nse this
Cooperative Communication System (CC5) will improve
effidency and reliability, and as a result, improve patient safety
and optimize patient outcomes.

Eeywordi—cogriton, macro-cognition, healthcare, decision
s, rsahiffy

L INTRODUCTION
Barn Imfensive Care Unit (BICTT) patients’ ﬁ'ag:le mndJl:l.uu
and complex combington of lfe-threstening imjurie:s and

ﬂlnzsaespusemqmma&mgsﬁmpremh}sentﬂ:sem
them Patients who are admitted to the unit that is our resesrch
site have the most severe affliction fom chenyical, mechsnical
or electrical bums, as well a5 bum-liks disesses of the skin
This wmit also treats patients with infections or taums that
cause axfensive soff fissue damage of loss such as necotizing
fasciifis, some war-relsted oammns.

Care for patients in the BICU necessarily requires attention
from mmitiple specialfies from bom sweeon o medical
mfensivist, resident, bedside murse, dietictan, womd care mrse,
respitatory  therapist, physical and ocoupational therspist,
mfectious dizesse specialist and more. All of these cams
providers nmet all collsborate through time to make effective
decisions, develop weamment plans, assess patent progress, and
refine plans to manspe care. In order to do that, clindcians
perform a wanety of behaviers temed mecro-cogmitve
activities (in Table 1) [1.2] as they camy out the nnyTiad patient
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care tasks These actvites can zlso be seen in the work of
operators In other high stakes seftings such as defensa
BIMETFEnCY response, and sviston.

Tatlo 1: Macro-Cognitive Activities (adapted from [3])

Actvity Descrpmon

Naturalistic Rellance on expaience % ldentily a plausible

degision making course of aclion and use of memal simulation
0 evaluate .

Sanse making | DI3gnosls Of NOW Cument siate came aou

sltuation and anticipation of how It Wil deveiop.

BEEEEETENt

Pianning Changing action In onder to transform a
cument state Into 3 desired state.

Adapiation’ Modfication, adjusiment or eplacement of a

re-piarming [plan already Impiemented.

Protilam Abiity io notice potential probiems at an earty

deteczon stage.

Coondination How team members sequence actions 1o
perform a task.

Deveioping Mental Imagery and event comorehension,

merial modsis [nased on abstract knowledge and domaln
concents and principles.

Mental simuiation  Use of menial modeis bo considar the fulune,

and snyooaning  enact @ senes of events, and ponder them as
mey I2ad 1 possibie TuRrss.

Maintaining Ongoing malntenance and repair of a

common gound  calbrated understanding among team

membens

Managing Coping with 3 state or fegling In which
unceralmy samething ks unknown oF Rot Undersiood.
and risk

Tuming leverage  Ablity io denttty ks and tum them
pnrltsn?ntl ko charese

coursas of action

Managing Use of parcaptual fiters to determins the
attention Information @ person will seek and notce.




Performance of these activities, inchading decisions about how
10 manzge care, relies om access fo the most accurabe amd
saliemt, or important, information abous the patient. Electronic
health records (EHF) have evolved over ime as a kind of
Tepositary that s intended to enable clinicians to doomnent and
retmieve needed patent information. However, information in
the EME. is difficalt to fnd and share and is often unavailable
when it is needed most Mack and Saldivar [4] cite 3 series of
shortcomings that they consider typical of current EMEs:

= Lack interoperability between health care organizations
due 1o no standardized software platform for EME. use
= Lack standardized visual lanmmage for EMESs or medical
devices, inducing user emors when nmltiple devices or
dooumentation standards are nsed in the same place.
= Act ac enlarged spreadshests. requiting users to @b and
rype information into cells, which is time consumning and
Prone o ST
= Pequire users to scroll through multiple pre-formatted
pages regardless of patient problem or user needs
= Lack advanced features such as critical event reporting,
or smart chart ability for clinical decision support
= Lack the ability to control external devices (e.g., infusion
purmps, physiological monitorng)
= Are mmable to receive data from remote monitors
Shortcomings such as these force clinicisns o develop ways o
work arpnnd them which tskes them away fom the time and
enarmies they could otherwize devote to their patients, and
imcTeases the potential for threats to patent safery.

I. THE COOPERATIVE COMMUNICATION SYSTEM

We have reported in previous SMC symposia [56] on our
work o develop the Cooperatve Commmmication System
(CC%), an information technology (TT) system that is intendad
to mprove individual snd team decision making and
conmmmication for chinicians at a 16-bed military BICLT. Char
research team is compleing the third year of this 3-year
project. Use of the CCS is expected to improve staff efficiency
and collsboration, opinnzing patent outcomes and mproving
patient safery.

. METHODS

A Human Subject Research Approval

Chr research team obtained approval for lnman subject
research fom the fimder and ressanch site Instimtonal Beview
Boards (IFB). A twotal of 151 staff members consented o
participate.

B. Cognitive Systems Engineering

We have used a Cognitive Systems Enginesring (C3E) [7.8] a
mixed methods research approach to smdy copnitve actovity
im the BICT proven over 30 years as an effective means to
revesl essential featares that mold complex work settings. The

team’s close attention to the data and connections among each
of the five CSE phases means that the sobation this process

produces is prounded in data that are drawn fom smdy of the
climicians and BICTT work sefting (15 ecologically valid).
FPreparaiion. At the start of the project, the team used the
preparstion phase to understand the work domain and
cognitively complex tasks that they would need to leamn aboat.
While waiting for IFE approval, our team conducted 3 seqes
of interviews with subject matter experts at the Burn ICTT and
developed an interview guide. The guide provided the
simuciare that would be needed to cover each of the important
aspects of the BICU. The gumide’s structare also made it
possible in the anslysis phase to recosmize common themes
across & mumber of intenviews and observatons.

Enowledge Elfcitaton. Our activity in the first yesr incloded
in-persom  observation, interviews, surveys, and arfct
amalysis. This phase reveals key decisions that climicians make
that the solution will meed to sopport. Team members
conducted 31 observations with bedside, charpe and wound
care mEses, Tesidents, atending physicians, and physical,
oocupational and respiratory therapists. Circulating through
the BICTT to observe clinical activities over 8-howr shifts, team
memhbers ssked occasional informal gquestions to lestn more
about motvation and context. The team performed 49 semid-
simactared Cognitive Task Analysis (CTA) imterviews [3] with
members of the BICT climical staff that lasted from 30 to 80
mimees. Cme team member acted as lead imterviewer and a
second took real-ime notes, wsing the Critical Decision
Method to leam sbout cocasions when BICTT clinicians were
pressed to their limits and what information they needed in
those CITImstances.

Fesearch  fteam  members  also  collected  de-idenfified
information and prntouts or pictares of the 20 different
sources of information that the staff uses to support cognitive
work These inchoded 3 that combined computer and hard
copy printout (arterial blood gas analyzer, wital signs momitor
prinfout, and protocols puidelines), 3 paper artifacts (daily
wound care plan, sign out sheet, and Charge Nurse checklist),
and 11 computer information sowces from the existing patient
medical record to the patient’s ouipatient record.

Amalyziz and Reprezentation. The team rigorously reviewed
the observation imferview, and artifact data to idenfify
frequently ocowmring themes. Fipure 1 shows bow the team
met after each Sald visit to review data. Using the categomies
developed during working sessions that were held afier each
field visit, we segmented and coded inferview sectons that
were relevant to each theme, This identfied acmal data and
connect them to the themes Afier a pilot mm to confirm they
were sinnlar coding in & similar mammer, three team members
coded 49 imterviews and 31 obsemvations, resulting in 7I7 data
excerpts that were coded by thematic category. The process
identified 20 key challenges to copnitive work on the BICT,
anch as “Mo effective means to synchromize aspects of patent
care.”” The team then developed imitial systemn requirements
by asking questions sbout each challenge such as “what does
the clinical team need to overcome that challenge?” and “what
system or display feanmes could help
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address that challenze?” The effort produced z semes of
concise problem staterments and 39 informaton  system
requirements, such as “Practitioners need to understand what's
going on with their Froup of patdents across the shift (whatever
their group happens to be)” Feanme comcepts such as
“Visualization of patent schedule for shift (patent x time),
chareable across team”™ described what the system can do o
mest the need alomz with anticipated benefits such as
“Patents get nesded care with fewer delays™ and “Efficient
uze of staff ame. ™ The team used the festures based on system
requirements to develop 2 series of use cases that described
bow the system is imfended to work. A descriptive model of
Burmn ICU cogmitive work (Figure 2) showed how tacks that
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Fig 1. Descriptie modal of BICTU cognitive work
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coondination, nepotiation, snd snticipation) in order to

accormplish the mmit's care synchromization role. Reguirements

that the team developed from these tasks indicated

oppornmities, or leverage points, fo improve care
hromizati

Application Design. Applicadon desipn produces concepts
basad on the requirements developed during the knowledge
partidpatory design workshops that incloded researchers,
developers, and clinicians created rough and increasingly
refined notions of what a usefol information system would
display. The research tesm informetion designer ranslated
workshop rouzh ideas into a prototype we verified in reviaw
with a set of residents and murses as well as client team
members. The imterface desizm inchided seven essenmtial
elements to support cognitive work.

Puarienr Identjfier: A graphic element that includes patient
mumber, total um srfce area at admission, an indicator of
illness severity and progress bazed on key trends.

Uit Frew. Organized as a BICU floor plan, the wiew
inclodes an identfier for each padent, status of planned tasks,
amd facilitates resowrce allocation and priorifizston, care
planning and coordination.

Pariems Frew. All 320+ variables of crifical data are shown
for an individnal patent (Figure 3), orgamized by system from
cardiac and neurolosical to wound care and infections diseaze
using a “parent-child” mhwindow format.

(R ERREEE N

Fig 3. The CCS Patent View soffwam prototype.
Ciymprighr I0 2005 Appidied Research Arsoniones, e

Scheduling. Displays staff assignments on the it and to
each patient care team, improving wmit eficiency by matching
TRSOUTCES 10 CaTe neads.

Order Manazement. List of all orders from oeatments to
disgmostic  tests that will minimize wuncertaimty about
dizgmostic and therapennc plans, stams, and results.

Checklizzz. Lists quality measures that makes it possible for
the Charge Nurse to ensure that essential evidence-based care
is scconplished

Tazkng Messagmg, and Alerine. Feal time message
commespondence among care team members that supports the



care team’s development and mamfenance of conmmon ground
about exch patient’s history, stams, progmosis, and care plan.

The team progprammed the user interface and data mining
fimctions based on findings from the knowledge elicitation
and amalysis and representation  phases.  Using  the
tummaualt_'r availsble JIRA (hetps.www atlascian com’

are jira) software project tracking database to keep rack
:-t'reqm:&nnnts we used agile software development methods
to develop imcTessingly refined protonypes that we routinely
reviewed with BICTT clinicians.

Evaluation. Asseszments make it possible o estmate the
effect that using the sohmion will have oo those who are
expected 1o use it, based on requirements that were developad
earlier in the project In November 2015, the team conducted
45-mimite lonz wsability scsessment sessions with 43
climicisns &t the resesrch site. We med wsabilify sssessment
[9] methods in order to see how well the CCS5 supported
individual clinician needs to find and use key patient data. We
were interested o learn: How usable is the CCS system in
terms of esse of wse, imterface, perceived efSciency, and
supporting cognitive work? How usable is it compared o the
cmrent EMFE.? Feamres such as messaging that are desipned
to support team coordinston were ot incuded im this
As5ESSImEnt.

Uzability is the condittion of 3 product, system or service being
suited for mumsn use. Usabilify assessment can be parfiormed
either to determine whether there are difficulties with using a
product of o uncover oppornmities for improvements. The
facilitator describes 2 scenario the participant is likely to
encounter and poses 3 mumber of tasks for the participant to
perform using the profotype. The partcipant is asked to “alk
alond” while performing the tasks. This wse of Verbal Protocol
Analysis can reveal assumptions that a parmicipant brings to a
simaton. It can show the process that a person follows while
attempting to sccomplish an objecdve, and it cam detect
obstacles that a parficipani encounters while using the
prototype. Fesults can provide a revealing insight imbo how
those who are infended to use a product acmally perceive and
use it [10].

In our sssessment, the sample of partcipants incladed roles
that were most likely o rely on information contained in the
CCS to make decisions: 12 physicians (residents, physician
assistants, and atending physicams) 20 mmses, amd 10
Tespiratory therapists. Two BICU rooms were ousfitted with a
laptop that could commect wia wireless to the Federal
Informaton Processing Standards (FIPS)-compliant Amszon
Government Cloud server where the CCS5 prototype was
mstalled. Each room also had a video camera that was st up
to look over the shoulder of the participant, as Figure 4 shows.
We used the video to record how each participant wsed the
CCS and also capure conmments to make sure that our written
notes on the session were acourate. After confirming consent
and providing a brief S-minute orentation to the CCS display,
each physician and mmrse participant was asked to perform two

Fig 4. Usahdlity asessment wodcstation
Capyright © 2005 Applied Research Adssockwes, bac

hypothetical, yet clinically relevant, scenarios while speaking
alowd: preparstion for surgery, and pew admission. Tem
Tespiratory techmicians were each asked fo perform the new
admission scenario. Each participant was asked a mmmber of
questions that required a decision about the patient. Afier each
scenario, and at the end of the session, we asked participants
to estimate level of effort it took to complete the tasks. In
each room. & fcilitator and an observer collected quanfitative
data such as the length of time it took for a participent to
answeT each question, and subjectve responses to ismes such
a5 ease of use, must in the OC5, and a3 comparnison with the
curens IT system.

IV. FINDINGS

Fesults of the unsability sssessment included two types of
qazlitatve data: usability ratings and responses to open-ended
questions. In the frst, users mated the usability of the CCS
system on several dimensions after completing each scenario,
then compared the CC3S to their own experience with the
lepscy system Users' years of experence with the cuorent
EMF. ranged from less than 1 yesr to 10+ years, dismibued
fairly evenly across the sample. and 76% reported being very
comfortable with using it. Table 2 shows responses to five

Table 2- Responses to Comparizon (usstions

Statement (=41} Dizsagree  Meutral  Agree

1 can Tind the Informatian | nead In 44 EX] £S5
CCS move quickly than | can using
[the current EMR]

| can find the: information | nead in 1468 19.5 B65.9
CCS more sasl) ihan | can wEing
[the current EMR]

The CCS Sysiem I& Easker o LSe 145 185 =3
than [the cument EMR]

Twould feel move confgent making 195 = 55
futura clinical decisions and

recommendaton LHI'g OCS than

using [the cument EMF]

TCE SUppOits the way | 6o FTy work 155
better thian [Me cument EMR]




statements conparing the CC5 with the EME. that has been in
uze at the research site. The degree of posidve acceptance of
CCS is noteworthy in light of the long experience with the
legacy EMPF. as well as the shom amount of tme the
participants had used the CC5 prototype.

Mamy comments in response to open-ended questions noted
the value of feanmes that the research team had leamed from
the CHE kmowledge elicitation phase: sinmiltaneous display of
salient data, shared mental model of patent stams, and sparine
clinicisns from work that the system can handle:

"Hming the igformarion right there makes you think,
um:;mmm‘?wwnd.. It helps to pull the
infrmiation tosether in one place. " (Pespiratory Therapist)

T like that OC5 may bring us fogether and on the same
page. All membars on the feam may se¢ things the same
. (Turse)

"Nica to have actual and idenl or agiusied body welght to
doze drugs. " (Anending physician)

V. DISCUSSION

EFesults from the CC5 usability sssessment demonsirated the
walue of the C5E methodology to produce ecologically walid
decision support soffware for clinicians in a challenging high
stakes work setting.

It also revealed opporhmites to improve the CCS5. For
exanple, paracipants found the tme scale at the top of the
wview needed to be larger to read it more easily. Murses
expressed @ preference for a wmb on the Patent View that
summiarized all lab values in ome place rather than being
sorted across body system parent views. Fespiratory therapists
alsp expressed an interest in having a tab that sunmarnized all
wvenfilator sefings. Some participants  foumd  locating
information more difficalt than we expected. Upon review, we
found this was related to the sbility to personally confizure the
cemtral panel (parent view)) and the need to scroll fo find some
of the data widsess. Participants also expressed an mterest in
changing the manner in which patient fluid intake and owtpat
was displayed so they could see net gain/loss at a glance.
Each of the findings from the usability assessment provided

guidsnce for inprovements to make before performins a
validation assessment planned for later m 2016,

VI SUMMARY

Tize of C3E informs the development of effectve decision and
comnmmication support for those who work in cormplex, high
smkes semings such as the BICTT. The close collsboraton
among researchers, design and developmen: professionals, and
climicians crestes effective sofiware solidons that reflect
climical practice.
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Abstract Title

Evaluation Results for a Burn ICU Clinician Decision and Communications Support System
Structured Abstract

BACKGROUND:

The Cooperative Communication System (CCS) project has developed an ecologically valid decision and
communications support IT prototype with machine learning abilities for a military burn intensive care unit
(BICU). We evaluated CCS through both a usability and a validation assessment to learn how well it supports
individual and team clinical cognitive work.

METHODS:

Usability. We asked 42 BICU clinicians (12 physicians, 20 nurses, and 10 respiratory technicians) to complete
two 20-minute scenarios (prep for surgery, new admission). Each was presented with a narrative. We asked
questions that required use of the CCS to find the information to make clinical decisions. Each indicated their
front-of-mind awareness of their cognitive work y thinking aloud.

Validation. Two teams (resident, nurse, attending) performed in two 4-6 hour scenarios (sepsis, ARDS) on a
high fidelity manikin. Teams used a legacy IT system on one scenario, and CCS on the other. We used
multiple observer notes, system order entry files, and after action reviews to document team performance.

RESULTS:

Usability. Forty three clinicians (13 physicians, 20 nurses, 10 respiratory therapists) participated. A majority
rated the CCS system as good as or better than the legacy EMR along five dimensions. In 5 out of 6 tasks
nurse time to complete was over twice as fast using the CCS compared with the legacy EHR.

Validation. Using the CCS in the sepsis scenario, Team 2 performed at the same level as another resident with
four more years of experience and explored multiple diagnoses. Using the CCS in the ARDS scenario, Team 1
arrived at the choice to treat the TENS patient by using a rotaprone bed an hour before Team 2.

CONCLUSION:

Clinicians made accurate decisions more efficiently using the CCS. Their preference for the CCS over the
existing EHR demonstrates the project’s methodology has produced a decision and communication support
tool that clinicians find inherently valuable.



Appendix H. Abstract: High Fidelity Simulation in a Clinical Care Unit is Feasible and Safe. Safe.Southern
Region Burn Conference. Atlanta. (Accepted) and the Critical Care Medicine Congress. Honolulu. (In review)

Authors: Maria L. Serio-Melvin, MSN, Sarah J. Murray, MSN, Sena R. Veazey, MS, Craig Fenrich, BS, Jose
Salinas, PhD, Greg Rule, MS, Christopher Nemeth, PhD, Jeremy C. Pamplin, MD, FCCM

Abstract Title

High Fidelity Simulation in a Clinical Care Unit is Feasible and Safe
Structured Abstract

Background:

Laboratory simulation reduces realism, forcing clinicians to suspend disbelief while performing in an
environment unlike their actual work setting. The Cooperative Communication System (CCS) is a real time
health information technology (IT) system we have developed over three years that supports individual and
team clinical decision-making and communication in the BICU. We sought to evaluate the CCS in the highest
fidelity simulation possible, on the BICU itself, to get the most valid results.

METHODS:

We conducted this IRB-approved, prospective, mixed methods study in a dedicated BICU room. Each of two
teams (bedside nurse, resident, attending physician with no patient assignment) performed two clinically
accurate scenarios (sepsis, ARDS) over about 6 hours, caring for a high fidelity male SimMan3G(TM)
manikin capable of audible heart/lung/bowel/verbal sounds, palpable pulses, and reactive pupils and outfitted
with typical BICU lines, dressings, etc. Observers took notes and recorded video to document time to reach
key decisions. After each simulation, the team provided comments on the experience and completed a brief
survey.

RESULTS:

Teams commented conducting the simulation in the actual BICU enabled them to look beyond role playing
and fully immerse themselves in the scenarios. Residents reported that they learned more in 2 days of
simulation than they would have working in the BICU caring for actual patients, possibly a result of the
compressed timeline, working directly with the attending physician, and having a critically ill patient
decompensate rapidly. Teams considered simultaneous care for two critically ill simulated patients would be
feasible but they would not include a simulate patient while caring for actual patients. Despite a high census,
planning prevented conflicts with current patient care, ensuring no actual patients or unit resources were at risk

CONCLUSION:

Conducting research on an active patient unit offers healthcare research a feasible way to evaluate IT that
maximizes fidelity and minimizes risk.
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Abstract Title

Getting the Message: Health IT Can Improve Team Communication
Structured Abstract

BACKGROUND:

Our three-year project developed the Cooperative Communication System (CCS), a real time health
information technology (IT) system that supports BICU individual and team clinical decision-making and
communication and includes its own messaging feature. We sought to learn clinician preference by comparing
current (phone, pager, in-person) communication with CCS messaging during a validation assessment in which
two BICU care teams (bedside nurse, resident, attending physician) cared for a high fidelity male SimMan3G
™ manikin in two clinically accurate scenarios (sepsis, ARDS) each about 6 hours long.

METHODS:

We conducted a prospective mixed methods study over two and a half days under an approved IRB protocol,
collecting qualitative data after each simulation to discover participant perceptions related to decision making,
communication, and team performance. Student T-test was used to analyze comparative differences in each
question conducted in the survey with statistical significance (p<0.05) and confidence interval at 95%.

RESULTS:

Subjects found the CCS system was better at allowing more effective communication (p<0.02), that
communication was easier (0.001), and the CCS messaging enhanced team communication. Subjects reported
integration of messaging in the CCS made it easier to initiate, share and track information among their team
members, in contrast to current (phone, pager, in-person) communication. Interestingly, as the acuity of the
patient increased, participants spent more time at the bedside and communicated primarily by phone and face-
to-face.

CONCLUSION:

BICU clinicians find messaging that is integral to decision and communication support improves clinical team
performance.
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Interest Areas: Systems Interface and Cognitive Processing (SI&CP)

Healthcare

Title: Supporting Salience: Valid IT Improves Burn ICU Decision Making
Issue:

The fragile health of patients who are admitted to a Burn Intensive Care Unit (BICU) requires
clinicians and clinical teams to make time-pressured diagnostic and therapeutic decisions based
on complex, inter-related sets of information. Clinicians need to find and use the most
important, or salient, information to make optimal patient care decisions which we term
“cognitive work.” Barriers to these decisions delay patient care and increase care cost, length
of stay, and the potential for misadventures.

Objective:

Our goal is to improve individual and team clinical decision making and communication in a
BICU using a novel health information technology (IT): the Cooperative Communication System
(CCS). The CCS provides real-time decision and communication support, presenting clinicians
with salient information, improving cognitive work through enhanced human-machine
collaboration, and enhanced assistance for human operators.

Setting:

Our research site is a 16-bed Burn Intensive Care Unit (BICU) located in a 450 bed, military Level
1 trauma and academic medical center. We conducted field research and usability and
validation assessment simulated care scenarios on the BICU.

Research Design

Our Cognitive Systems Engineering (CSE) mixed methods approach developed a system that is
based on a well-founded understanding of the work domain and operator needs, or ecologically
valid. CSE activity in the first year included preparation and knowledge elicitation through
interviews, surveys, and artifact analysis, as well as thematic analysis and representation using
table and diagram development. The project team identified 20 key challenges and barriers to
cognitive work on the BICU, then translated them into concise problem statements and 39
information system requirements, developed representations to describe the BICU



environment and key resources that clinicians use there, formulated use cases to describe to
developers how the system and evaluated information design prototypes, and programmed
and evaluated an interactive software prototype. The final CCS prototype includes a unique
identifier for each patient, a unit view, patient view organized according to body system that
can be configured to individual preferences, a messaging feature for real-time communication,
and data mining to reveal trends and patterns that might otherwise go unnoticed.

Evaluation

We performed two evaluations to verify whether use of the CCS improved individual clinician
decision making and team decision making.

A usability assessment evaluated individual clinician performance of 3 common ICU
tasks in 2 scenarios: preparation for surgery and new ICU admission. A facilitator and note-taker
noted time to complete tasks, and asked participants to report subjective perception of effort
for each.

A validation assessment compared performance by 2 3-member BICU teams (physician,
nurse, therapists, and physician trainee) during two 6-hour simulated patient care scenarios;
one using the BICU legacy IT system, and one using the CCS. Observation and thematic coding
of field notes measured elapsed time to arrive at key decision points that had been determined
ahead of time.

Measurement:

Primary outcome measure was time to complete pre-defined tasks. Secondary outcome
measures were subjective usefulness, and ease of use. In the validation assessment, we also
evaluated communication effectiveness.

Assessment Results:

In the usability assessment between equally qualified nurses, time to complete tasks using the
CCS was notably shorter than using the legacy system at the same level of accuracy.

In the validation assessment using the CCS prototype, the first year resident arrived at an
accurate sepsis diagnosis the same time as a senior resident with 4 years’ more experience.
Using the CCS prototype, the senior resident arrived at an accurate Acute Respiratory Distress
Syndrome (ARDS) therapeutic decision 2 hours earlier than the first year resident. Both teams
strongly favored the CCS for communication.

Conclusions:



Measurement of clinician preferences demonstrated the CCS has robust face validity. The
system appears to reduce time to complete complex tasks including pre-rounding, and to
improve clinical decision making efficiency by novice as well as more experienced clinicians. Use
of the CCS is expected to reduce patient length of stay and potential for adverse outcomes.
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Building Cognition through Burn Intensive Care Unit Decision and Communications Support

Background: Our research team is in the third year of a 3-year project to design and develop the
Cooperative Communication System (CCS), an ecologically valid decision and communications IT system
for a military burn intensive care unit (ICU). Our purpose is to improve individual and team decision
making to improve patient safety and optimize patient outcomes.

Methods: We are using a mixed methods Cognitive Systems Engineering (CSE) approach. Year One
CSE methods included observations, interviews, surveys and artifact analysis to develop a distributed
cognition model of BICU clinical practice. In Year Two, we developed initial information design and initial
software prototypes of the IT system, based on Year One findings. The user interface and data mining
functions and are now being programmed to develop increasingly refined prototypes that we evaluate
with BICU clinicians at each stage through a mixture of agile and spiral software development methods.
Evaluation, including usability assessments, will verify improvements to decision making that result from
clinician use of the CCS.

Results: Year Two results have translated Year One data and requirements into system features that
will enable clinicians to overcome barriers, from uncertainty about patient and team status to decisions
about diagnoses and treatment. A Unit View supports resource allocation and prioritization, care
planning and coordination. An individual Patient View enables the clinician to increase information
salience by choosing what is displayed and how it is shown. This allows for the creation of relational
information displays such as a “cardiovascular,” “cardiopulmaonary,” or “cardio-renal” that may help
clinicians answer questions about patient condition or treatment effects. Scheduling support improves
unit efficiency by making opportunities for care evident, and saving “missed” opportunities for care such
as a chaplain visit, or rehabilitation. A Patient |dentifier enables the staff to scan among and across
patients and recognize care needs at a glance. Order Management minimizes uncertainty on diagnostic
and therapeutic plans, status, and results. Smart Checklists track quality measures in real-time to ensure
essential evidence-based care is accomplished. Tasking, Messaging, and Alerting support the
development and maintenance of common ground among clinicians through real time communication.
Each view provides benefits to the clinical team. Task oriented/role based views ensure only salient
infarmation is displayed. Clinician configuring of patient displays improves understanding of patient
trajectory. Machine learning makes it possible to identify patterns such as trends, comparable patients
and care regimens, and metadata on how clinicians use the system.

Conclusion: Clinician information needs change according to patient condition, patient problem,
clinical task, and clinician role and experience. Through CSE, we have identified seven core functions for
our CCS health IT system to support clinical decision making information needs. The CSE approach
produces decision support tools that are ecologically valid and inherently useful by matching
information to task. More efficient, reliable collaboration amaong members of the ICU staff who use the
CCS is expected to improve patient safety and optimize patient outcomes.
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Valid Point of Care IT for Improved Decision Making Precision

Christopher Nemeth, PhD, Senior Member, IEEE, LTC Jeremy C. Pamplin MD, Josh Blomberg,
Christopher Argenta, Student Member, IEEE, | Maria Serio-Melvin, Jose Salinas, PhD, Member IEEE

Absraci—Precision in clinician peint of care decizions relies
on awareness of and access to the most important, or saliens,
information. Barriers te cliniciam cogmitive work such as
poorly-crafted information techmolozy, delay patient care amd
increase care cost, length of stay, amd the potential for
mizadventure:. We report on the Cooperative Communication
System (CCS) project wsing Cognitive Systems Engineering
methods to develop a real fime IT system to support Born ICT
individual and team cognitive work and communication. More
efficient, reliable collaboration among members of the ICT staff
whe wse the CC5 is expected to improve patiemt safety amd
optimize patient outcomes.

I COOPERATIVE COMMUNICATION S5YSTEM

Chur research team 15 in the third vear of a 3-vear project to
develop the Cooperative Commmmication System (CCS) for a
1&6-bed mlitary bwn mtensive care unit (BICTT). The CCS is
an mformation technology (IT) system that i1s intended to
mmprove Individuzl and team decision making and
commumication m the BICTT.

II. METHODS

We have used a Cogmtive Systems Engmmesnng (CSE) [1]
mixed methods research approach to study cogmitive work m
the BICU. Five phases (preparation, knowledgze slicitation
analyziz and represenfation, appheation desizm,  and
evaluation) ensure the solution that the process produces 15
grounded in data that are drawn from study of the climcians
and BICU work seting. Method: included structured
mmterviews, survevs, artifact amalysis, table and diagram
development and thematic analysizs [2]. The process revealed
20 key challenges and barmers to cognmifive work on the BICT,
and translated them into concise problem statements and 39
mformation system requirements. A descriptrve model of
Burn ICU cognitive work showed how climeians synchromze
care through tasks and activities. Use cases described to
developers how the system 15 intended to work [3]. Machine
learming algonthms reveal patterns that would otherwize be
undetectable, such as trends, and previous patients on the unit
who had somlar conditions and treatments. Ezch formed the

This work is supporied by the US Amry Medical Fesearch and Materiel
Command under Conract Mo WE1XWH-12-C-0126. The views, opinions
and'or findings contained in this repert are tose of the authon(s) and should
not be constmued as an official Department of the Army position, pelicy or
decizion unless so desiemated by other documentaton. In the conduct of
research where bumans are the subjects, the mvestizater(s) adbered to the
policies regarding the protection of human subjects as presciibed by Code of
Federal Fegulations (CFR) Title 45, Volume 1, Part 46; Title 32, Chapter 1.
Part 21%; and Title 21, Chapter 1, Part 50 (Protection of Human Subjects).

basis for an interactive prototype (Figure 1} that 15 now bemng
evaluated on the BICTT.
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Precision in patient point of care relies on going bevond the
swrface desenphions (phenotypes) of work domains to reveal
and understand the underlying patterns (genotvpes) of factors
that mold the domain [4]. Support for bhealthcare cogmbove
work requres repeated, deep locks mto the clmical work
seting using methods that are proven m the study of
mdrvidual and team cogmtive work m order to find and
present sabent data. Use of the CSE approach to understand
patent care cogmbve work and sethngs mforms the
development of effective IT. The salient informanon displays
that result can improve pomt of care precision and begin to
overcomes embedded difficulties with cwrent healthears IT.
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_________ _________ ....... Background ....... _________ é‘,‘

. S;imulatiion (SIM) is a ci:ommoé‘n method for héalth tréining
- Reduces risk to Iive ‘patienté as people Iearn

Benefits of Simulation é‘

* Domains of Learning
. — Cognitive
....... * Improve critical thinking skills =~

* Improve recognition of impending situations :
- — Psychomotor : :

II[IPIUVC dc)\tclit'y
* Improve muscle memory
- — Affective - -
* Improve emotional response to clinical situations
* Improve team communication




- ...Background:. CCS Research Studyﬁg.

. -We-uséd--SIIVIto -test-a-noveléhealth IT-program,-the- S
Cooperative Communication System (CCS) :

— CCS interfaces with the legacy health system and :
information matched to clinical mental models, work practices

— Helps with decision making and team communication

. . .Siudy Desugn o ﬁ‘

Team 1
Attending:
e
Resident :

SIM Scenario . Debrief .
: : : : | Team Interview

Orientation




Lab SIM \

=

* Potential barrlers in the lab

setting
- Envwonment
— Equipment
- Expectationé

* These factors may impact
fidelity or realism and the
ability to. suspend disbelief
— Allow participants to fully
engage

* Maximum fidelity and -
validity with clinical work
domain

Feas

bility

* Dedicated research team & consulta

nts: Multiple Roles

—: Clinician Subject Matter Experts (S
« Intensivist (1)
« Clinical Nurse Specialists E(2)
—:Research Team
* Observers (3)
— : Simulation Experts (2)
+. Medical .Doctor.

ME)

Cost is high up front but
reusing the scenario
and supplies decreases
overall amount.

« Simulation specialist
—: Software Engineer Team (3)
» Time & Cost Estimates
: Simulation Scenario Development:
‘Simulation Set up/Break Down: 12

Simulation Run Time: 24 hours ove
FTE)

- expired kits--REUSED and kept for

6 months (SMEs 20-50% FTE) :
hours (SMEs & 1 SIM Specialist 100% FTE)
4 days (SMEs & 1 SIM Specialist 100%

Supplies: Full body dressing; IV bags (1L x 3, 100 ml x 5); tubes/lines/drains;

future SIM




Safety

5@

-+ Safety Rules:

— Real patients take precedenrce
« Census safety stop
¢« Acuity safety stop :

— PlanB&C
B: If :afct'y afupb ﬂ!l‘_‘ |||v:;t cduw:; thII I tU 3 dcd;bﬂtl:d
participants
¢ C: If no room available on unit—reduce team & move to table top
discussion

— Segregate supplies and simulated medications
» Keep simulated tools away from real tools

- Dedicated person fo managde equipment

* Heart sounds
« Lungsounds
...+.. Bowel sounds
« Verbal sounds
« Palpable
pulses

* Reactive
pupils
« Cardiac
"~ Monitor
outputs

-+ Allchangedin
response to
the scenario:

Metlélods

4@

Emesis

Blood i
Woundsand
Dressings
IV Fluids on
pump-----
Labs ]
Procedures

.. Ventilator:

Family
Consultants
Other -
personnel




.| Patient s}cenaérios e ﬁ‘

* Realistic to our burn center : :
~ 34 'yo Active Duty E5 with 85% TBSA now post injury day 4
— 24 yo man with probable TEN 5 : : ‘

- Similar full- body: dressings
— Reused for both scenarios

Each “patient”
had a detailed:
spreadsheet of
vital signs, labs,
and other :
‘l'elementsof
care by the hour




Simulation
facilitator

SIM Technician

‘Nurse Clinical Shift Note

‘Adsission Diegnosis: I
Vital Signs: : 207, HR: 132 RR: 27
02 sat: &
LABORATORYDATA

T Wew admission

Problen(s) working oa for SBIFt. Place Problem 1a Fopic of Not

1 Problen: VQ almatch seb pf ratio below 00 1/t sluffing of mucossl in 1uags 4/t septra
allerglc reacti

7t will sot be placed on BCHO during this shift 0700-1900.
-Wi11 monitor respitory status and Spo2 while oa VDR
PE sedated and paralyzed at this tise, Panily avare o p’s status.

on(s)

........ . Déveloped in collaboration with . BICU Teas . . . . ... .
= 2 Shite bveats

T Tima/bate: 1144 140unz016
28 socieved st 0643, ot da bed sostizg oo Drager vestilstor, i Drasaing from hesd to toe, and WOT

placed in s shife, Pt has Heeded incroase in vedtilaticn sectings d/¢ decreased 02
saturatics, ot ‘o avail 4ad then switched co High Freqiency Veatdlation. 72 nicially on Pestamyl
, Propfol at 70mcg/kg/br, 200al/hr Banana Ba o aggitition and propofol

vitchod to Ketanine st S00eyks/hin 4nd Fentatyle. incressed o 200mcg/ig/h ot e Jet o

iai/be." resoldspen, ingulia gt elcraced to ptis hourly giucose levels snd & Mibuais. PE pla

EY-000, Pt Kesiduals {nitially wis 400a] asd 0 Mleasin stated oot to n::x., the next bour pEi
botasce.

Toriqosis vere Sel; bochtises vere Bisk in.celor vith coffen around, 5




”Re§uns.”...Q.”._”

* “Most realistic SIM” :
* Other staff thought this was a real patient

:— Chaplain visited.. .f

- — Social worker asked about the pat|ent

- — Nursing assistant stocked cart
* Enhanced Learning Experience

- Compressed timeline :

— “learned more in 2 days in SIM thanin2 days caring for real

BICU patients”
On the unit: all equipment and personnel were real
Discussion of using SIM sce_:nanos for clinical training

. = B . Conclusion

------- . -E‘;im-ul-a-tiéon -taki-ﬁ-g-placé-in-the real work environment
p5rovides' more fidelity that the lab cannot match
* No real patlents were at risk during the SIM proving that

conducting research on an active patient unit is feasible
for future studles
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Cooperatlve Commumcatlon System (CCS)ﬁ- .

. We developed a novel real- trme health |nformat|on
technolagy (IT) prototype that supports BICU individual and
team clinical decision- makmg and communlcat|on §

Legacy Health Systemr' § Coopérative Communication
EMR : : ~System (CCS)

e S_M_a_l_n_Eeat_ure_s_o_f_th_e.S.ystem ..... e 15oe ~or)
— Enhanced communrcatlon : _—

. Team Assrgnments

+ Data are organized by system
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* Includes X-fays and:images :
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. Condrtron and trajectory are
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Quantltatlve Results...g....ﬁ«.

. Usmg the CCS |n the burn sepS|s scenarlo

- Resident. performed at theisame level as 5
B o another resrdent wrth 4. more years ....... T T
' expenenoe ' - - - 5 : :

;— He explored multrple dlagnoses rather than
: targetmg one '
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% Survey Data Usrng the CCS&-‘

mformatlon make deC|S|ons and |dent|fy trends

*CCS was better at allowrng individualsto . ..
communlcate more effectlvely (p<0 02) and i
communlcat!on was-easier-(0. 001)

'Subjects percelved no dafference in scenario
------ realism, overall team- performance and-team
communlcatlon between the Iegacy EIVIR and the |

Qualltatlve Results: ‘
After actlon mterwew data --------- ﬂ'

. Nurses (n 2) 1 used IT mostly for data: entry, not

decision making _
- CCS. Lab views very easy could get mformatlon

qumker

. ReS|dents (n —2) reported the CCS allowed qumker
~access to imaging, labs ‘and vital sign trends

'Attendlng phyS|c|ans (n= 2) reported they rarely use

IT: for decision making: |
~ Used CCS to confirm mformat:on from verbal reports

= Grouplng of data by organ systems from drsparate
Iocatlons in the medlcal record appremated




Qualitative Results 5@

* Messaging system

. — Effective for non- urgentissues and simple, routlne
' tasks : - : -

5— Helped communlcate W|th ancﬂlary services (e g
~---pharmacy)-- ]

g— Group messaglng seen as a beneft

---------- ;-_--U-sed more in the. beglnnlng of scenarlo and feII off as
patlent ] condltlon worsened : '

b - . Conclusion . .. B ... é.

. The team usmg the CCS arrived at a correct deC|S|on

. Sooner ........... ......... : ..................... : .......... : ......... : ......... ..........
* CCS helped a novice: make decisions at the same tlme as
......... a more experienced resident ...

* The |ntegrat|on of messaglng made it easier to |n|t|ate
share and track information among team members

. The CCS |mproved thelr team S ablllty to fnd and use T
sallent |nformat|on ' 5

. CI|n|C|ans do not need IT solutlons to aSS|st them when
the patlents medlcal condltlon becomes unstable

- Ongoing work: Pursuing transition to- development ------- T
through Defense HeaIth Affairs. : - 5 :
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[ A4 INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Objectives for This Session

Describe:

Nature of and need for human subject field research in
military healthcare work settings

= Use of Cognitive Systems Engineering to understand and
support military healthcare

= How human factors can help to improve military healthcare
reliability, safety, efficiency, and resilience.
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Research Site

= Burn ICU in tertiary care medical center,

= 16 beds, 2 reserved to serve as a post-anesthesia care unit (PACU),
1 dedicated to support Extracorporeal Membrane Oxygenation (ECMO).

= Other nearby units support the ICU, including a step down unit, burn
operating room, and outpatient clinic.

= Population averages around 8 patients but as high as 13

= Patients have severe affliction from chemical, mechanical or electrical
burns, or burn-like afflictions such as toxic epidermal necrolysis (TENS).

= Length of stay ranges from
days to months.

@ nm Photo: Dept. of the Army
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS.

Cognitive Systems Engineering Phase 1
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( Preparation Knowledge Analysis ar!d \ Application Evaluation
Design
* Understand the * Determine which
«domain, tasks, * Use CTA * Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
und_emand_ X elements processes perfarmance
= ldent_iiy critical decisions + Transition
cognitively § * Identify user decision + Test whether
complex tasks + Identify team decision TequineriSHts system supports
structure and requirements into design user
communication conicapts
* Identify the * Recommend
central issues. * Determine how redesigns to
and themes. o best support provide greater
user decision support
making
Domain
Und nding Key Decisions Leverage Points Design Concepts Impact Estimate
\ ©CS Phase | ©CS Phase Il and Il
AN v
S .~
@ARA.
BICU Patient Team
Sodal Worker
Sl Mechanical/
Momtensce
«<D -

BA
NSz

Other nurses

ter Staff
oluateers

Pharmacy
VistorDignitaries
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BICU Information Sources

4 ARA

www.ara.com

Charge Nurse
Bedside nurse [— Land line.
‘Attending phone

All staff members —Cell phone

Attending Email
on phone
Point of care testing |
Residents/med students |
Fellow | i
Bedside nurse torial
Respiratory therapist [ blood gas
‘Attending
Bedside nurse vital
Operating Room staff ans
moni
printout
Bedside nurse
Head Nurse | Protocols
Residents/med students
Charge nurse | i
Wound care team leader | wound
care plan
Residents/med students — Sign out
sheet
Charge Nurse Charge
Bedsido nurse —— Nurse
Residents/med | checkiist
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BICU Cognitive Model

“ARA

Www.ara.com

Function Unit
Members Perform

Synchronization —

Activities Unit
Members Perform

Clarification

Coordination——

Negotiation —|

Amiclpation—‘

©2016 Appied Ressarch Assocites, Iic. ARA Proprstary

Patient health record Al staff members
Residents/med students
Fellow

Attending
Residents/med students

Outpatient health record —‘

Lab, radiclogy orders | Fellow
Attending

Blood glucose management — Bedside nurse

Nurse scheduling —]Charge 'f“‘;';’
R Rosidentsimed sudonts

Attending

Bum resuscitation. Bedside nurse

decision support
Dietary program Dietician
Email All staff members.

Databases that
populate system

Tasks Unit
Members Perform

Reduce uncertainty
Manage ambiguity

Manage conflicting agendas
Manage communication

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Identify alignment, gaps/differences
(e.g., agendas)

Manage conflicting agendas

Manage communication

Forward thinking

Al staff members (during rounds)
Wound Flow ——————— | e update
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Barriers to Effective, Efficient Patient Care

= No effective means to synchronize aspects of patient care.
= Lack of awareness of activities/events that are tightly coupled.
= No efficient way to communicate changes in patient status across disciplines.
= Updated information (e.g., cultures) is available but not accessible/visible.
= Orders are often late, missing, or overtaken/replaced by other orders.
= Reliance on verbal orders; no standardized way to share them.
= Lack of coordination between shifts.
= Documentation requires significant time from key members clinical team,
IT issues and work process requirements frequently require redundant
and/or repeated information capture and data entry.
Compounds cognitive workload, attention management issues for staff.
= Trend was data identified as important; unavailable from [legacy EMR] or
other IT.
= Tracking patient indicators over time > 24 hours difficult.
= Cognitive workload: clinicians must mentally integrate data.

4 ARA

" www.ara.com ©2015 Apphed Research Assaciates, Inc. ARA Proprietary. 9

[ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Barriers to Effective, Efficient Patient Care (cont'd)

= Delayed information updates means system information is sometimes
stale/inaccurate.
= Knowledge of resource availability: who is on unit (e.g., clinical team
members, consults)?
= Coordination between BICU and OR:
Don't know if patient is ready for procedure.
Don't know enough about procedure to prepare effectively.
= Rounds checklist not readily available/accessible to all clinical team
members.
= Dropped tasks, gaps, and lapses not tracked; impact not known.
= Responsibility for management/completion of checklist items is unclear.
= Substantial staff time spent tracking down in-process items (meds, labs).
= Reliance on nurses to track and fix information gaps.
= Resources and needs are poorly matched.
= Errors (e.g., wrong orders) require the unit members to correct, redirect,
back-up, clarify.

“ARA
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Barrier
No effective means to synchronize and adapt different aspects of
patient care over the course of a shift, across caregiver team.

Requirement
System shall provide access to a plan of patient care, visible to all
care givers responsible for that patient that includes:

Current patient status and top-level assessment

Goals and priorities for those goals

Changes/updates, such as indication that plan is being updated
when one caregiver is working on it

Schedule of activities and any changes, timeline

Orders and their status

Identity and contact information for patient’s care team

4 ARA

" www.ara.com © 2016 Apphed Research Associates, Inc. ARA Proprietary 1

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Use Case

“At 0630, a bedside nurse has started his preparation for the
day shift by reviewing information on the patient he is
responsible for. Opening CCS, he can see a roster of
patients on the unit, chooses his patient’s “at-a-glance”
view that shows recent vital signs, current orders,
medications, care plan, and notes from the night shift. He
checks the patient’s standing care plan and treatment goals
(from the electronic healthcare record), and reviews orders
(from the laboratory test database) that are pending as well as
the day’s care activities that the Wound Care team,
Respiratory Therapists, and Physical Therapists have
recommended and what times they can perform them...”

4 AR
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Cognitive Systems Engineering Phases Two, Three

4 ARA

" www.ara.com

—~
Preparation Knowledge Analysis and Application Evaluation
Elicitation Representation Design
* Understand the * Determine which
domain, tasks, * Use CTA * Decompose data * Build prototype metrics would
users methads to into discrete systems and best measure
understand elements processes performance
- Identify critical decisions + Transition
cognitively i * Identify user decision + Test whether
complex tasks * Identify team decision requirements system supports
structure and requirements into design user
communication conces tsg
- identlfy the " + Recommend
central Issues * Determine how redesigns to
and themes to best support provide greater
user decision support
{km/ \/
Domain
Understanding Key Decisions Leverage Points Design Cancepts Impact Estimate
€CS Phase | \ ©CS Phase Il and Il /
~
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Prototypes Information Design
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS.

Prototype Key Features

© 2015 Appled Research Assocates, inc. ARA Progrietary

Patient
Identifier

Unit View

Patient
View
Messaging

¢ ARA

www.ara.com

©2016 Appied Research Associates, Inc. ARA Progrietary

Graphic element that includes patient number, total burn
surface area at admission, an indicator of iliness severity and
progress based on key trends.

Organized as a BICU floor plan, the view includes an identifier
for each patient, status of planned tasks, and facilitates
resource allocation and prioritization, care planning and
coordination.

Critical data are shown for an individual patient, organized by
system from cardiac and neurological to wound care and
infectious disease using a “parent-child” tab/window format.

Real time message correspondence among care team
members supports the development and maintenance of
common ground regarding their patient's history, status,
prognosis, and care plan



INN SOLUTIONS TO COMPLEX PROBLEMS:

Prototype Software

- =
T.Patient 4+ 1. pament 13+ 1

©m,m,¢°m © 2016 Apphed Resmarch Associates, Inc. ARA Proprtary 16

Prototype Software
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Usability Assessment November 2015

= 20 BICU nurses used novel IT system
to perform decision making tasks

= Two typical scenarios: new
admission, preparation for surgery

= Rated ease of use for each task

= Later: asked one experienced BICU
nurse to perform same tasks using
legacy system, for comparison

@AR

W e com 26 AspbadResearch Asscen, . ARA Prritay 18

[ e INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Usability Assessment November 2015

Scenario and Task Legacy Novel

Scenario 1- Preparation for Surgery

1--Is the patient’'s hemodynamic status getting worse? 2:44 2:10
2--Is the patient’s pulmonary status getting worse? 6:35 1:09
3--Is the patient’s volume status getting worse? 4:15 1:48

Scenario 2-New Admission

1--Based on the vital signs and |/Os, what do you 3:25 1:27
recommend for fluids: increase, decrease, or
remain the same?

2--Based on his glucose levels, do you recommend 0:53 0:25
that he be started on an insulin drip?
3--Based on the patient’s lab values, do you think he 2:45 1:04

should be started on CRRT?

n=1 n=20 (median)

@AR
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Validation Assessment June 2016

= Two 3-member teams: Resident,
attending, bedside nurse

= Two scenarios: Sepsis, Acute
Respiratory Distress Syndrome (ARDS)

= Legacy and novel IT systems,
counterbalanced

= Performed on BICU, by BICU staff

= Three observers, video recording

Team PEVAY Day 1 Day 2
1 Orientation Sepsis Scenario ARDS Scenario
Legacy IT System Novel IT System
2 Orientation ARDS Scenario Sepsis Scenario
Novel IT System Legacy IT System
R i

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Validation Assessment

Validation Assessment Sepsis Scenario Key Decision Points.

SepSiS Team One / Legacy IT Team Two / Novel IT

06:57 Start 06:45 Start

. 08:53 Deep vein thrombosis is
s hbrimias sl i 55 Rex 7o okt
resident arrives at correct Abdominal compartment
: - - syndrome

diagnosis at same time as Obiz2 R Ruling ouf pumonary
resident who has four 031 R Lok for signs of
more years of experience ESERS,

09:51 Res>Attend- Brief. Patient

infection

10:41 Res- Abdominal
compartment syndrome due to
_sepsis rce

10:43 Res- Suspect sepsis

10:45 Res- Perceives septic _

10:47 Res- bowel
10:55 Attend- Ask source of
sepsis
12:13 Res- Abdominal
12:16 Res- M'ay need
@ARA '
o et 0% At ok Ao, 1 AP ity 21

( INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Validation Assessment Validation Assessment ARDS Key Decision Points
ARDS Team One / Novel IT Team Two / Legacy IT

06:45 Start 06:45 Start

7.48 Res-_ Suspect antibiolics
sourco of TENS
8:02_Attend-_Let ECMO team know

Using the novel system, 0831 W Hecd i know from
I i 08:40 A Not likely TENS 08:45 Attend- Paralyze him. Have
e resident decided on SEAE 30
use of a rotoprone bed e S RN T —
almost two hours before nECHO
team using legacy system. [ BRI IR o JUT AR AER
action

10:39 Res>Altend- Page about
ECMO

11:18 Attend- 1d put him on
ECMO now

“ARA
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( INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Resilience

Use of CSE in this example can contribute to resilient

performance.

= Being self-aware--Disconnection among specialties is
aggravated by disconnected information sources.

= Able to identify and apply resources--Scheduling is
currently done using hard copy forms and in-person
negotiation, which makes it difficult to develop and maintain an
optimal plan.

= Able to adapt to surprise--Use of CSE makes understanding
what goes right, and what occasionally does not, a routine
learning process that can improve the ability to adapt.

§‘ WWW.ara.com  ©201 Apid Ressarch Associaes, e ARA Propristary 23

( INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Your comments and correspondence
are welcome.

Christopher Nemeth, PhD
cnemeth@ara.com
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Appendix P. Poster: Evidence of Decision and Communications Support for Burn ICU Clinicians MHSRS

Conference: August 2016.



Appendix Q. Presentation. Army Institute of Surgical Research Scientific Symposium. Brook Army Medical
Center. Joint Base Sam Houston, 6 January 2016.
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Purpose

Hypothesis: The CCS support for BICU will improve clinician decision

making and communication by making patient care more efficient,
effective, and less prone to adverse outcomes and misadventures.

Aims: Clinical decision and communication support tool that provides:

* Improved clinician decision making, through presentation of salient
patient data, and machine learning and communication support

*  More efficient, reliable individual and team cognitive work resulting
in improved patient outcomes (e.g., reduced length of stay)

“ARA
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Methodology Cognitive Systems Engineering

Preparation Knowledge Analysis and Application Evaluation
Elicitation Representation Design
* Understand the . * Determine which
domain, tasks, * Use CTA * Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
uqqerstanq . elements processes performance
. |den(.if.y critical decisions . « Transition
cognitively ) * Identify user decision * Test whether
complex tasks * Identify team de:is'ion requirements system supports
i:;i;ur:i a;?on requirements into design user
G : concepts
* Identify the ) * Recommend
central issues * Determine how redesigns to
and themes to best support provide greater
user decision support
v \/ - \/
Domain i & i
Understanding Key Decisions | Leverage Points Design Concepts Impact Estimate
CCS Phase | CCS Phase Il and 1l
@ wwwI ¥ a!ra.com ©2015 Applied Research Associates, Inc. ARA Proprietary

SOLVING PROBELEMS OF GLOBAL IMPORTANCE

Methodology Research Design

Year One
« Literature Review
« Observation: Five week-long visits to the BICU
= Structured Interviews: Typically 15-20 per visit

« Artifact Analysis: Collection, de-identification, and analysis of
information sources

« Thematic Analysis: Detection of patterns among and across
data elements

+ Participatory design: Collaboration among ARA and AISR team
members to create interface concepts complementary to BICU
work practice and culture

“ARA
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Methodology Research Design

Year Two

« Validation interviews: Review of representations with clinicians to
confirm, adjust, and enrich findings (Iterative development)

» Survey: Research nurse data collection to answer focused
questions, such as requirements priorities

* Rapid prototyping: Development of interface design based on
Year One data

+ Agile prototyping: Initial software development, including initial
machine learning concepts (e.g., similar patients)

“ARA
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SOLVING PROELEMS OF GLOBAL IMPORTANCE

Methodology Research Design

Year Three

« Agile Prototyping: Comprehensive software development,
including machine learning (e.g., similar patients, trends)

« Usability Assessment. Determination of CCS suitability for
individual decision making, compared with current IT

« Validation Assessment: Determination of CCS suitability for team
decision making, compared with current IT

“ARA
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Data Collection, Analysis

Data Collection Data Analysis

Site Visit #1
Initial review & identify emerging themes
Site Visit #2

Systematic review & coding

A Analysis of:

Site Visit #3 ) ¥ A
S’ Cognitive work
Review & interpretation .
A Barriers &
v A challenges

Synthesis & integration Artifacts
Site Visit #4 Develop initial requirements
(Validate with clinicians) ]
Design Workshop
Storyboard development
@ ) wnwvgarﬂom © 2015 Applied Research Associates, Inc. ARA Proprietary 9

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Review, Emergent Themes

Example Data Excerpts Theme

Surgeon and resident talk among themselves, and residents
sometimes put in critical orders (e.g. blood). As a nurse | Information
don’t know this until | log in and see the note (bedside nurse) discontinuity

When the Attending changes from week to week, you may
find plans reversed from week to week. You end up with a
yo-yo effect in the care that is frustrating.. .. (intensivist)

Itis a little tricky to align my goals with staff, which may vary
from staff to staff (intensivist)

We have 6 or 8 people working on the problem in their lane. Give Lo
it a little time to simmer and then we all come together and sort NEQOtlatlo
of talk about it. (Head nurse) n

A lot of times with physician orders, there can be multiple
consultants, plus attendings that make orders that are
contraindicated. If that occurs | will bring it up to the fellow...
(LVN)

@A
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Analysis Systematic Review and Coding

|80 otps://2pp dedopse. com/App/ Version=4.101

€CS - Undarstanding BICU

€C5 - Understanding BICU 2

% =
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Excerpts: 727 Bum_Surgeon_Dec® 2012 docx 070502013 | s=nders 15 20035 [
Tapetsa Clinical_Lizson.doc: 07052013 | s=nders 4 18063
Tug Appe 1583 RN_Dec 10 doox 07052013 | sanders 1 20322
RN 6 Dacembor 2012 inb.dos 07052012 | sanders 12 15004
e 2| 04 March 2013 Intenizw_Assist Head b 07052013 | sznders 1@ 22524
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Tash
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Analysis Review and Interpretation

(Category: Procedural Drag

Title: 22 July 2013 Interview OR-RN.docx

Additionally, sometimes blood is not ordered early eaough, and if we know ther is going
ta be lots of bleeding, then we will somefimes wait and delay the case. [n one particular
situation, the blood was not in the OR, the anesthesiclogist had the patient ready, but the
decision was made to wait, to do any incision and graftng. The blood bank was notas
quick as we wanted them to be, Usually the anesthesiologist orders blood in Essentris, If
the pattent in 4east or gy we may need to nofe. ] assume that the majorty of our patients
are likely to need blood, T will ask about blood when T check in Essentris in the morming
and 1115 not ordered. The anes tech or an OR runmer will go get blood i cooler then put it
ina fridge in the OR.

Title: 21May 2013 Nurse_Burn_interview_transcript.doc

sometimes the oa call just doesn't see the impertence. Maybe they just want to go
through it real quick , bt they are very busv and [ understand that ICU patients are sick,
so often [ think they overlook these people that are doing well, in thetr eyes and they just
want fo throw over to 4E, but what they really need to do 15 review all those orders. And
Tmean, this has been years. [say years, before my time of being hured that they were
having issues with these on call resideats. You know, where the orders aren't written.
night for the transfer so ['m going to block the transfer. I'm going to say call on call, hey;
T need this, this and this order fixed. And then they came down on us like no, no you
can't be blocking transfers you know, but then my orders are inappropriate:

Title: 21May_2013 Nurse_Buru_interview_transcriptdoc

alsn what bothers me from pharmacy is dodng thet many medications in pixgs.
Something that we are always good at because if 1 not 10 stock in our piges then why
doa't vou send 1t the day before so that vou can always have it m stock and eady to go
SaTneed in rall ven peeey dav? And harass v mvenr da for 7 O chanld van met

@AR
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Synthesis and Integration

Alerting
. (1o |
30d awarsness of patiant status
. gency.E¢. I
mombar: of tasm 2 £ via
pager.

attending. (ard c2n be mizsed by those with limited exparierce]
Physical presence of physicans o the 10 faciicaces alerting.

P B/ ity o a
propare. (6.8, 9 BICU roquiras ho P when gaing
008, etc)

Anticipation

. rai hesd
a0y . T Sepidyieins
system wa devsiop|
treetrren,
+ Da RT3 ™
trestment (reg: re: Giseminsts
. =y
aTendto. (Rex@ants jozs 3bie T2 32 this €S to ImAcd xpartise).
* Common E 55 they can
bezin pushing things through the system
. S 5 M
papsr ¥ cetiers.|
* ThemcUtEm
i i i
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and Wiervene pre-empINel (0 MIUZATE Chem
* Requraments
o e i s wapcony and
potentat proaiamz.

o RN:noa: ney
i they don't get thi
& Mesd batrar mean: to prasict stathing nascc
o Meeas o
slert team to chorgasin order:

srepars

Trecking, Tesking. and Scheduling

i i
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What are the main
takeaways?

What cognitive
activities are the
individuals/or team
engaging in?

What challenges are
they facing?

What’s getting in the
way of them doing
their work?

What is getting in the way

of efficient, effective

patient care and team
coordination?




SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Develop Initial Requirements

Comprehensive Integrated View of Patient

Barrier Needs System Features Impact
Reliance on Clinicians need a System should provide trend Reduced clinician time
clinician to holistic/macro-view of data on key indicators (e g, for to locate data
3 the patient's trajectory each of the main bodily
integrate data (are they getting better  systems) Reduced clinician time
or getting worse over to synthesize data
last 24 hrs?)
Reduced time to achieve
consensus among
clinicians
Lack of Minimize staff time spent System built on a Relational Reduced dlinician time
interoperabilit s the ‘system database that has all the info  spent entering, moving,

integrators’ who move relevant to one patient, so that  repeating, reentering,

yiamong data from one system to  there is true interoperability: data.
systems another. ability of separate systems to
(addressed in info cross- populate data, in real Increased time with
management category)  time patients; increased
ability to attend to
patient issues and
needs
Decrease cognitive
workload
@ ﬁ.g,ﬂ,,m ® 2015 Applied Research Associates, Inc. ARA Propristary 15
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Analysis to Representation

4 ARA
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CSE Using Genotypes

Phenotype: Clinicians talk among each other,

spend a good deal of time writing at terminals
Work-around

Genotype: — Barrier: —» Requirement: ——> Features:

Disconnected  No effective System shall Current patient status and
databases means to provide access fop-level assessment
synchronize to a plan of Goals and goal priorities

S‘?”" ce of and adapt patient care, Changes/updates, such as
brittleness  djfferent aspects visible to all indication that plan is

of patient care care givers being updated when one

over the course responsible for caregiver is working on it
of a shift, across that patient Schedule of activities and

caregiver team. any changes, timeline

Orders and their status
Patient’s care team identity
and contact information

Source of
Blocks resilience
synchronization

Facilitates

@ HRH synchronization

www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary

( - SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Findings
Descriptive Model of Cognitive Work

Function Unit Activities Unit Tasks Unit
Members Perform Members Perform Members Perform

Reduce uncertainty
Manage ambiguity

Manage conflicting agendas
Manage communication

Clarification

Develop shared awareness of the Patient
Coordinatio Get and keep common ground
Manage the care plan and treatment goals

Coordinate resources
Synchronization —

Identify alignment, gaps/differences
Negotiation —| (¢~ agendas)

Manage conflicting agendas
Manage communication

Anticipation——l Forward thinking

“ARA
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE
Findings
Information Sources

Charge Nurse
Bedside nurse Land line
Attending phone

All staff members —Cell phone —Communications Patient health record All staff members
\
Attending Email \ | Residenis/med students
on phone \ Outpatient health record- Fellow
P i Attending
Point of care testing \ . | Residents/med students
Residents/med students Lab, radiology orders _‘ Fellow
Fellow Attending
Bedside nurse Arterial \
Respiratory therapist | Dlood gas Blood glucose management— Bedside nurse
Attending |- Computer
Patient | and Paper Computer — o scheduling — Charge Nurse
Bedsida nurse .:-?:; \\ Nursing staff
Operating Room staff s‘-glﬂs \ / Radiology images E:Ifcl:"ams.‘med students
monitor
printout I"g;':'::;':" Attending
Bedside nurse
Head Nurse All staff members (during rounds)
' Protocols Wound Flow
Residents/med students Wound care nurse update
/ Burn resuscitation. Bedside nurse
Charge nurse Daily / decision support
Wound care team leader wound Dietary program Hidiisian
care plan /
Residents/med students — Sign out | Email Al staff members
shest Pagar
Databases that
Charge Nurse | Charge populate system
Bedside nurse Nurse
Residents/med students checklist

“ARA
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[ SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Findings

Problem: No effective means to synchronize and adapt different
aspects of patient care over the course of a shift, across caregiver team.

Requirement: System shall provide access to a plan of patient care,
visible to all caregivers responsible for that patient that includes:
+ Current patient status and top-level assessment;

» Goals and priorities for those goals;

» Changes/updates (e.qg., indicating that plan is being updated when
one caregiver is working on it);

» Schedule of activities and any changes, timeline;
* Orders and their status;
* Identity and contact information for patient’s care team.

“ARA
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CCS Elements 7~ N

Machine S
learning

finds relevant

@ patterns
fresemaanaa—dy .

N
[t
- , ”\EI'I'E -—
Joint Cognitive Interface
System includes Synthesizes,
patient, staff, care presents
providers, family & salient data

information sources u

g * www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary

Prototype Unit View

Information Design

ntven L0 = 1

“ARA
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Prototype Patient View

Information Design

Pttt Systorms. [ 0
[05 [ 05200
5342%30

[E)

':?" 'a T BN S B B W e WOse W

’ ilili-m

“ARA

www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Prototype

& B C A8 e rewe et o T

https://www.ccsunite.com/unit/4T

@ ARA
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Prototype

Comparison with Essentris

| can find the information | need in CCS more quickly than | can using Essentris.

T EE——
24.4 9.7 659

| can find the information | need in CCS more easily than | can using Essentris
[
146 195 659
The CCS system is easier to use than Essentris
e —
145 195 66
| would feel more confident making future clinical decisions
and recommendation using CCS than using Essentris
[ I —
19.5 22 585

CCS supports the way | do my work better than Essentris.

[ —
171 195 63.4

@AR
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Publications

Book chapter (1)
Journal paper (2)

Proceedings paper (2) Cognitive Systems
Abstract (8) Engineering in Health (u;e
Report (1) " i

Ann M. Bisantz
Catherine M. Burns e
Rollin J. Fairbanks

@ ARA
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.
Benefits

Patient Safety. Successful implementation of the CCS in the clinical
environment has potential to reduce the incidence of medical
misadventures.

Patient care efficiency. Safety and effectiveness of patient care
can be increased by increasing the speed at which clinicians can
make accurate clinical decisions.

Patient care intensity. Clinicians provided more direct interaction
time with patients, by reducing the time burden to find, use needed
information.

Broad applicability. Can provide the same real time decision
support in clinical settings other than military facilities.

§ " www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary
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Next Steps

Propose bridging project: TRL5 to TRL8
Conduct validation assessment
Complete prototype

Write final report

“ARA
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Summary

Research: Cognitive Systems Engineering methods successfully
enabled the team to create an ecologically valid decision making and
communication support IT system. JPC-1, TATRC, CDMRP, and USAISR
support for publishing was a great help getting word to the professional
community.

Development: Coordination with USAISR to map data elements from the
Essentris healthcare record posed a challenge that the team needed to
manage constantly through Year Two into Year Three.

Administrative: Institutional Review Board and Defense Health
Information Technology security regulations posed challenges throughout
the project.

Transition: lterative development through the integration of end users to
establish early buy-in is critical for successful implementation.

“ARA

" www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary’ 29

( L SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Your questions and
comments are welcome

Christopher Nemeth
cnemeth@ara.com

“ARA
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Appendix R. Evidence of Salience: Burn ICU IT Evaluation Results. HFES Healthcare Symposium. Human Factors
and Ergonomics Society. 14 Apr, 2016. San Diego.
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Objective
Research Design
Methods

Results
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[ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Objective

Improve tertiary hospital Burn Intensive Care Unit patient
care through a real-time decision support and
communications system.

“ARA
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
¢

Current EMR

BURN  (13:24 Mar 07, 2013 CST (Clinical link disabled .

“ARA
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Simple patient status check requires 8 separate screens

In’s & Out’s
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INNOVATIVE SOLUTION! COMPLEX PROBLEMS

The Burn ICU

= Joint cognitive
system

= Macro-cognitive
activities

Cacciabue, P.C. & Hollnagel, E_ (1995)
Simulation of cognition: Applications.
Expertise and technology: Cognition and
human-computer cooperation. In JM. Hoc,
P.C.Cacciabue, & E. Hollnagel (Eds)
Manhwah, NJ: Lawrence Eribaum
Associates. 55-73.

Klein, G.. Ross, K. G., Moon, B. M., Klein,
D. E., Hoffman, R. R., & Hollnagel, E.
(2003). Macrocognition. IEEE Intelligent
Systems, 18(3), 81-85.
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Cognitive Systems Engineering (CSE)

Radiology

IT staff

~

Electronic
edic

I PRI

infusion
devices

menitor

veniilaior

personal
communications
levices

d
views
=

consultants

patient
manitar

Preparation Knowledge
Elicitation
* Understand the
domain, tasks, * Use CTA
users methods to
understand

* Identify
cognitively
complex tasks

critical decisions

* |dentify team
structure and
communication

Analysis and
Representation

+ Decompose data
into discrete
elements

* Identify user
decision
requirements

« Identify the
central issues
and themes

Application
Design

* Build prototype
systems and
processes

* Transition
decision
requirements
into design
concepts

* Determine how
1o best support
user decision
making

Evaluation

* Determine which
metrics would
best measure
performance

* Test whether
system supports
user

* Recommend
redesigns to
provide greater
support

Domain
Understanding

‘ Key Decisions

Leverage Paints

Design Concepts

Impact Estimate

€CS Phase |

CCS Phase Il and Il
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Holinagel, E., & Woods, D. D. (1983). Cognitive Systems Engineering: New wine in new bottles. International
Journal of Man-Machine Studies, 18, 583-600
Woods, D. & Roth, E. (1988). Cognitive Systems Engineering, in M. Helander, (Ed.). Handbook of Human-
Computer Interaction, Amsterdam: North Holland. 3-43.
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Cognitive Systems Engineering (CSE)

Preparation Knowledge Analysis and Application Evaluation
Elicitation Representation Design
* Understand the * Determine which
domain, tasks, * Use CTA + Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
ur_\d_erstanq . elements processes performance
. [delr“vifv critical decisions ) « Transition
cognitively . * Identify user decision + Test whether
complex tasks . g’enc(:‘fyr ;eaann; decis_ion requirements system supports
cur:municatiun requirements into design user
concepts
* Identify the pr * Recommend
central issues * Determine how redesigns to
and themes to best support provide greater
user decision support
making
Domain Key Decisiol Leves Points Design Concepts Impact Estimate
Understanding ey Decisions everage Poil esign Concept: pa im:
CCS Phase | CCS Phase Il and Il
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

CSE Reveals Genotypes

Phenotype: Clinicians talk among each other,
spend a good deal of time writing at terminals

Work-around

Genotype: — Barrier: — Requirement: —> Features:

Disconnected
databases

Source of
brittleness

“ARA

" www.ara.com

No effective
means to
synchronize
and adapt
different aspects
of patient care
over the course
of a shift, across
caregiver team.

Blocks
synchronization

© 2018 Applied Research Associates. Inc. ARA Proprietary

System shall
provide access
to a plan of
patient care,
visible to all
care givers
responsible for
that patient

Source of
resilience

Current patient status and
top-level assessment
Goals and goal priorities
Changes/updates, such as
indication that plan is
being updated when one
caregiver is working on it
Schedule of activities and
any changes, timeline
Orders and their status
Patient’s care team identity
and contact information

Facilitates
synchronization
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Results 'l

Machine _——
learning
finds relevant

@ patterns
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Joint Cognitive Interface

System includes Synthesizes,
patient, staff, care presents

providers, family & salient data e

information sources U
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Prototype Unit View

Information Design

“ARA
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Prototype Patient View

Information Design
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS
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https:/fwww.ccsunite.com/login
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INNOVATIVE SOLUTIONS ‘OMPLEX PROBLEMS

Usability Assessment

12 physicians, 20 nurses
10 respiratory therapists

Two hypothetical yet clinically relevant
scenarios: preparation for surgery, new
admission

Asked a number of questions that
required a decision about the patient.

Respiratory technicians performed the
new admission scenario.

“ARA 1®
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Responses to Comparison Questions

Disagree Neutral Agree/Strongly agree

| can find the information | need in CCS
more quickly than | can using [ EMR]. 24.4 9.7 659

| can find the information | need in CCS [ |
more easily than | can using [EMR]. 146 195 659

The CCS System is easier to use than |
[EMR] 14.5 19.5 66

| would feel more confident making future
clinical decisions and recommendation [
using CCS than using [EMR] 195 22 585

CCS supports the way | do my work
better than [EMR]. 171 195 63.4

“ARA
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[ Z INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Planned
Text/Alert/Message
Checklists

Machine Learning

Validation Assessment

+ARA
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( INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Your comments and
questions are welcome

Cognitive Systems
Engineering in Health Care

chemeth@ara.com — 4

Ann M. Bisantz
Catherine M. Burns ~ @9<EC,
Rollin J. Fairbanks

% ARA
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Appendix S. Invited speaker: Adapting to Change and Uncertainty. Pediatric Cardiac Intensive Care Society
National Conference. 11 December 2015.

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

+ARA
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Christopher Nemeth, PhD, CHFP

NATIONAL SECURITY ENERGY & ENVIRONMENT INFRASTRUCTURE HEALTH SOLUTIONS

[ A2 SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Resilience Engineering

= Resilience is the ability to understand how a system
operates, making it possible to withstand unforeseen
challenges

= Adaptive socio-technical system

= System level understanding of current and potential
operations

= Promises to change how you view your work
environment

= Well-crated tools contribute to resilience

“ARA
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- Waiting Flow

Is this the ED?
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Y A SOLVING PROBLEMS OF GLOBAL IMPORTANCE.

New Tools, New Approaches

= Requires being open to new thinking, new tools to engage
new challenge

= New approaches to development of socio-technical systems
(Hollnagel and Woods, 2005)

= Resilience engineering observes, analyzes, designs and
develops systems with the ability to anticipate and adapt to
unforeseen demands, and continue operations.
(Hollnagel, Woods, Leveson 2006)

“ARA

www.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary
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Resilience

The intrinsic ability of a system to

adjust its functioning prior to, during,
or following changes and disturbances

so that it can sustain required operations, even
after a major mishap or in the presence of continuous
stress.

The ability of systems to

mount a robust response to unforeseen,
unpredicted, and unexpected demands

and to resume or even continue
normal operations.

@AR
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The Need for Resilience

Economic failure

Organizations seek to

N A . Acceptable boundary
remain economically viable performance
and to leverage workforce boundary

capability

. / /
Pressure to improve Counter [ |
. . gradient ———————— =@ \
efficiency and lessen fom |
workload push the operating o safery
state toward the marginal
safety boundary Margingl - " Unacceptable
b:\:géir;ary . 2}(\ workload

boundary

Modified from Rasmussen

Safe operating envelope, adapted
from Cook and Rasmussen, 2005.

@ ARA
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Cognitive Systems Engineering

© 2015 Applied Research Associates, Inc. ARA Proprietary

Preparation Knowledge Analysis and Application Evaluation
Elicitation Representation Design
+ Understandthe . + Determine which
domain, tasks, * Use CTA * Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
understand elements processes performance
* Identify critical decisions } * Transition
cognitively * Identify user decision * Test whether
complex tasks * Identify team decis_ion requirements system supports
structure and requirements into design user
communication
” concepts
* Identify the ) * Recommend
central issues * Determine how redesigns to
and themes to best support provide greater
user decision support
making
Domeln Key Decisions Leverage Points Design Concepts Impact Estimate
Understanding " ¢ o Lo e
CCS Phase | €CS Phase Il and lll

@ ©2015 Applied Research Associates, Inc. ARA Proprietary
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Cooperative Communication
System

§ " www.ara.com ©2015 Applied Research Associates, Inc. ARA Froprietary’

( N SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Research Site

= Burn ICU in tertiary care medical center,

= 16 beds, 2 reserved to serve as a post-anesthesia care unit
(PACU), 1 dedicated to support Extracorporeal Membrane
Oxygenation (ECMO).

= Other nearby units support the ICU, including a step down unit,
burn operating room, and outpatient clinic.

= Population averages around 8 patients but as high as 13

= Patients have severe affliction from chemical, mechanical or
electrical burns, or burn-like afflictions such as toxic epidermal
necrolysis (TENS).

= Length of stay ranges from
days to months.

Photo.
Dept. of
the Army

“ARA
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Research Design

= Goal is to improve care by better supporting the judgment of
individuals and teams who care for patients through a cognitive
aid that also assists communication.

= Three phases that were scheduled to take roughly a year apiece:
foundation research, cognitive aid prototype development, and
prototype assessment.

Photo: Dept. of tl

“ARA
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CSE Phase 1

il N\
4 N
( Preparation Knowledge Analysis and \ Application Evaluation
Elicitation Representation Design
* Understand the * Determine which
domain, tasks, * Use CTA + Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
understand elements processes performance
. |denﬁfy critical decisions ) TRTSHoh
cognitively § * Identify user decision « Test whether
complex tasks * Identify team decision requirements system supports
structure and requirements into design user
communication
t:

* Identify the coneen As * Recommend
central issues * Determine how redesigns to
and themes to best support provide greater

user decision support
making
Domain
\ Understanding Key Decisions Leverage Points Design Concepts Impact Estimate
\ CCS Phase | Y, CCS Phase Il and 1l
e g,

% ARA : .
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BICU Patient Team

Outpatient Staff

Other PTIOTS.

“ARA
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BICU Information Sources

Charge Nurse
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Other nures
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Other S
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ther Ty catrol
Houdeeping
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Patient heaith record Al staff members

Al staff members —Cofl phone |- Communications.
Atiending Email \ Residentsimed students
Outpatient heaith d—— Fellow
on phone tpat recor [+
Residentsimed students
Point of care testing | P |
i . radiology orders ——— Feliow
Fellow Attending
Bodside nurso |~ rial
Respiratory therapist | biood gas. Blood glucose management — Bedside nurse
‘Attending
|Charge Nurse
Bedside nurse | Patent Nurse scheduling Nursing sioff
Operating Room staff | Residentsimed students
e Radiology images |
printout Atiending
Bedside nurse
‘Nurse |— Al staff members (during rounds)
Reciontsimed sdonts | |00 Wound Fiow Wound cave nurse upda
Bum resuschation Badside nurse
Charge nurse | ety decision support
Wound care leam leadec wound
i Dietary program ———— Dietician
Residentsimed students — Sign out Emall —— Al staff members
Databases that
Charge Nurse Charge poputale system
Bedside nurse |——
Residentsimed students | checklist
§ = ﬂw.am.:om © 2015 Applied Research Assocales, Inc. ARA Propritary
ING PROBLEMS OF GLOBAL IMPORTANCE
Function Unit Activities Unit Tasks Unit
Members Perform Members Perform Members Perform
Reduce uncertainty
Manage ambiguity
Clarification Manage conflicting agendas

Synchronization —

“ARA

" www.ara.com

Coordination—|

Negotiation ——

Manage communication

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Identify alignment, gaps/differences
(e.g., agendas)

Manage conflicting agendas

Manage communication

Antlcipation—|

©2015 Applied Research Associates, Inc. ARA Proprietary
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Barrier

No effective means to synchronize and adapt different aspects
of patient care over the course of a shift, across caregiver
team.

Requirement
System shall provide access to a plan of patient care, visible to
all care givers responsible for that patient that includes:

“ARA

Current patient status and top-level assessment

Goals and priorities for those goals

Changes/updates, such as indication that plan is being
updated when one caregiver is working on it

Schedule of activities and any changes, timeline
Orders and their status

Identity and contact information for patient’s care team

" www.ara.com © 2015 Applied Research Associates, Inc. ARA Propritary 16
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“ARA

Pop Quiz!

Q. What'’s the hardest part of this project?

" www.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary 17
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Pop Quiz!

Q. What'’s the hardest part of this project?
A. Access to patient data.

©2015 Applied Research Associates, Inc. ARA Proprietary 18
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CSE Phases Two, Three

N
—— o N )
owledg y an.d Apphc.atlon Evaluation
Elicitation Representation Design
* Understand the ’ *+ Determine which
domain, tasks, * Use CTA * Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
understand elements processes performance
« Identify critical decisions “Transiion
cognitively ; * Identify user decision * Test whether
complex tasks * Identify team decision requirements system supports
structure and requirements into design user
communication concepts
* Identify the ) * Recommend
central issues * Determine how redesigns to
and themes to best support provide greater
uservdeclslon support
making.
Domain
Understanding Key Decisions Leverage Points Design Concepts Impact Estimate
CCS Phase | \ CCS Phase Il and Il
N 7

www.ara.com ©®2015 Applied Research Associates, Inc. ARA Propristary
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Real time BICU decision /communication support

Joint Cognitive System
includes patient, staff, care
providers, family & Machine
information sources - learning
== finds
relevant
patterns
Interface
synthesizes
and
presents
salient data
@ ﬁgﬁom ©2015 Applied Research Associates, Inc. ARA Proprietary 20
Results
Core Functions Machine Learning Evaluation
* Patient Identifier « Data Exploration « Usability Assessment
» Unit View

@

Patient View

Care Team Manager .
» Sequence Analytics
‘7?’ d;;;‘/’z’,\jge’"em Similarity Analytics
Rex de ch e‘j{‘jf’"?e Semantic Analytics
oUnas lecriists Metadata Analytics

ARA
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» Element Analytics
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Information Design Unit View
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Information Design Patient View

Patient Systems_
I . —
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Software Prototype

© 2 QM8 e mecmtecamy T =

cos

28 ¥ |

https://www.ccsunite.com/patient/35/1672552800000/1672776000000
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RTANCE

Usability Assessment Results

Disagree Neutral Agree-strongly agree
| can find the information | need in CCS
more quickly than | can using Essentris. 244 97 658

| can find the information | need in CCS
more easily than | can using Essentris 146 105 @59

The CCS system is easier to use than Essentris [ I

I would feel more confident making future I
clinical decisions and recommendation using 125 2 585
CCS than using Essentris
T ——
CCS supports the way | do my work
better than Essentris.

WIWW.r3.com © 2015 Applod Research Assocales, Inc. ARA Proprietary 25
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Usability Assessment Results

Aspects of CCS that were particularly useful (all of sample)
48% Information presentation: layout, look, feel, navigation
29% Trends

Would a system like this be easily adopted?
86% Yes

“ARA
" www.ara.com 2015 Applied Research Associates, Inc. ARA Proprietory 26
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Resilience

Three characteristics that CSE can assist:

*Being self-aware--Disconnection among specialties is aggravated by
disconnected information sources.

*Able to identify and apply resources--Scheduling is currently done
using hard copy forms and in-person negotiation, which makes it
difficult to develop and maintain an optimal plan.

*Able to adapt to surprise--Use of CSE makes understanding what
goes right, and what occasionally does not, a routine learning
process that can improve the ability to adapt.

§ " www.ara.com ©2015 Appled Research Assocates, Inc. ARA Propretary
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Your comments and questions are welcome:

Christopher Nemeth, PhD

Applied Research Associates
cnemeth@ara.com
847-869-3621

@ " www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary 28



Appendix T. Presentation: Building Resilience. Texas Children’s Hospital. 11 December
2015. Houston, TX.

SOLVING PROBLEMS OF GLOBAL IMPORTANCE
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www.ara.com

....................................................... >

Building Resilience at
as Children’s

Christopher Nemeth, PhD, CHFP

NATIONAL SECURITY ENERGY & ENVIRONMENT INFRASTRUCTURE HEALTH SOLUTIONS

[ /£ SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Resilience Engineering

= Evolving field of practice, 10 years on

= Focus on variability and adaptation, versus stability
and repetition

= Challenges presumptions that are widely held, such
as humans’ ability to control the world around them

= Requires insight that is not part of normal practice

“ARA
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The Need for Resilience

Economic failure

Organizations seek to

. . . Acceptable boundary

remain economically viable performance

and to leverage workforce boundary

capability

H Counter | 7

Pressure to improve oraciont : o / \

efficiency and lessen fom 4L o

workload push the operating o sty ’“’OJ,:‘@

state toward the marginal KN

safety boundary ) Unacceptable
Marginal l‘{/ workload
boundary ~

boundary

Modified from Rasmussen

Safe operating envelope, adapted
from Cook and Rasmussen, 2005.
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Engineering
Systems Engineering
Resilience Engineering

Cognitive Systems Engineering

@AR
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Resilience

The intrinsic ability of a system to

adjust its functioning prior to, during,
or following changes and disturbances

so that it can sustain required operations, even
after a major mishap or in the presence of continuous
stress.

The ability of systems to

mount a robust response to unforeseen,
unpredicted, and unexpected demands

and to resume or even continue
normal operations.

@AR
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Cognitive Systems Engineering

Knloyvle.dge Analysis ar!d Appllc.atlon Evaluation
P Design
+ Understand the + Determine which
domain, tasks, * Use CTA * Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
understand elements processes performance
+ Identify critical decisions > Teanidtn
cognitively + Identify user Hocion + Test whether
complex tasks * Identify team decision requirements system supports
Z;r;c’x: :an:on requirements nto design user
concepts
+ Identify the * Recommend
central issues + Determine how redesigns to
and themes to best support provide greater
user decision support
making
Domain - & g "
Uriderstanding Key Decisions Leverage Points Design Concepts Impact Estimate
CCS Phase | €CS Phase Il and Il

“ARA
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CCS Software Prototype
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https://www.ccsunite.com/patient/35/1672552800000/1672776000000
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Research Site

= Burn ICU in tertiary care medical center,

= 16 beds, 2 reserved to serve as a post-anesthesia care unit
(PACU), 1 dedicated to support Extracorporeal Membrane
Oxygenation (ECMO).

= Other nearby units support the ICU, including a step down unit,
burn operating room, and outpatient clinic.

= Population averages around 8 patients but as high as 13

= Patients have severe affliction from chemical, mechanical or
electrical burns, or burn-like afflictions such as toxic epidermal
necrolysis (TENS).

= Length of stay ranges from
days to months.

Photo:
Dept. of
the Army
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BICU Cognitive Model

Function Unit
Members Perform

Synchronization ——|

Anticipaf

“ARA

www.ara.com

Activities Unit
Members Perform

Clarification

Negotiation ——

©2015 Applied Research Associates, Inc. ARA Propristary

CGommunications

Sering informetion
ihrough verba, visual means

Inc. ARA Proprietary

Tasks Unit
Members Perform

Reduce uncertainty
Manage ambiguity

Manage conflicting agendas
Manage communication

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Identify alignment, gaps/differences
(e.g., agendas)

Manage conflicting agendas

Manage communication

tion—’ Forward thinking
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CSE Approach Reveals Inter-dependencies

spend a good deal of time writing at terminals

@ Phenotype: Clinicians talk among each other,
—
\

Work-around

Genotype: —> Barrier: —> Requirement:—> Features:

Disconnected  No effective System shall Current patient status and
databases means to provide access top-level assessment
Sourceiof synchronize to a plan of Goals and goal priorities
A and adapt patient care, Changes/updates, such as
brittleness different aspects visible to all indication that plan is
of patient care  care givers being updated when one
over the course responsible for caregiver is working on it
of a shift, across that patient Schedule of activities and
caregiver team. any changes, timeline
Source of Orders and their status
Blocks resilience Patient’s care team identity
synchronization and contact information
Facilitates
synchronization
@ ﬂ&ﬂom © 2015 Applied Research Associates, Inc. ARA Proprietary 11
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Use Case

“At 0630, a bedside nurse has started his preparation for
the day shift by reviewing information on the patient he is
responsible for. Opening CCS, he can see a roster of
patients on the unit, chooses his patient's “at-a-glance”
view that shows recent vital signs, current orders,
medications, care plan, and notes from the night shift.
He checks the patient’'s standing care plan and treatment
goals (from the electronic healthcare record), and reviews
orders (from the laboratory test database) that are pending
as well as the day’s care activities that the Wound Care
team, Respiratory Therapists, and Physical Therapists
have recommended and what times they can perform
them...”

AR
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Usability Assessment Results

Disagree Neutral Agree-strongly agree

| can find the information | need in CCS
more quickly than | can using Essentris. 244 97 859

| can find the information | need in CCS T I
more easily than | can using Essentris 146 195 659

The CCS system is easier to use than Essentris I ——

145 195 66
| would feel more confident making future [ I
clinical decisions and recommendation using  19.5 22 58.5

CCS than using Essentris

CCS supports the way | do my work
better than Essentris.

ﬁ " www.ara.com © 2015 Applied Research Associates, Inc. ARA Propristary 13
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Resilience in Practice

Three characteristics that CSE can assist:

* Being self-aware--Disconnection among specialties is aggravated by
disconnected information sources.

* Able to identify and apply resources--Scheduling is currently done
using hard copy forms and in-person negotiation, which makes it
difficult to develop and maintain an optimal plan.

* Able to adapt to surprise--Use of CSE makes understanding what
goes right, and what occasionally does not, a routine learning
process that can improve the ability to adapt.

@ ARA
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RE Requires New Approaches & Tools

How can we be better at:

= QObservation

* Analysis

= Design and Development

Reliability Engineering and System Safety

’wﬂ? |

journal homapaga: waww sl sevier com oz atairese

“ARA
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To Build Resilience

* Reconceptualize: multi-role, multi-eschelon networks
= Study what goes right

= Cultivate requisite imagination

= Create new tools to develop and operate systems

= Develop tools to signal how to make production vs.
safety tradeoffs and sacrifice decisions.

= Cultivate ways to visualize and foresee side effects
= Promote and use good design
* Acknowledge and manage variability

“ARA
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Your comments and correspondence
are welcome.

Christopher Nemeth, PhD
chemeth@ara.com

“ARA
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Appendix U. Presentation: A Cooperative Communication System for the Advancement of Safe Effective and
Efficient Patient Care, JPC1 IPR, Ft. Detrick, MD, 1 December 2015.

DHA=

Applied Research
Associates, Inc.

A Cooperative Communication System for the Advancement
of Safe, Effective, and Efficient Patient Care

Christopher Nemeth, PhD
Award W81XWH-12-C-0126

4 ARA

DHA= Project Information

» Organization: Applied Research Associates, Inc.
+ Award # W81XWH-12-C-0126

» Principal Investigator: Christopher Nemeth, PhD, CAPT USNR (ret)
Key Sub-Awards (Co-Pls): LTC Jeremy Pamplin, MD, US Army Institute of Surgical Research

% Total $ Amount: $ 4, 017, 100

+ Period of Performance: 15 August, 2014 — 14 May 2016 (NCE requested)
+ Grants /Contract Officer Representative: Mr. Tony Story, CDMRP

+ Grants /Contract Specialist: Christopher Baker, USAMRAA




DHAZOverview of the Research Project

Purpose. Develop an ecologically valid computer-based cognitive
artifact to provide real time support for Burn ICU clinician decision
making and communication.

Methodology: Cognitive Systems Engineering

Deliverable: Software tool that provides a customizable graphical
user interface that presents the right information to the right user at
the right time and is linked in real time to the existing EHR.

Expected Outcomes: Reduced complications and costs, and
improve patient outcomes, resulting from making salient information
evident and better communication among healthcare team
members that enable effective decisions

DHAZ Research Question/Hypothesis &
o High Level Objectives

Hypothesis:

The CCS support for BICU will improve clinician decision making and
communication by making patient care more efficient, effective, and less prone
to adverse outcomes and misadventures (sometimes referred to as “medical

errors”).

<+ Project Aims: Clinical decision and communication support tool that provides:

= Improved clinician decision making, through presentation of salient patient
data, and machine learning and communication support

= More efficient, reliable individual and team cognitive work resulting in
improved patient outcomes (e.g., reduced length of stay)




DHAZ

“+PHASE 1:

Research Question/Hypothesis &
High Level Objectives

» Describe patient progress through burn intensive care to create a shared
mental model for clinicians of all specialties;

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

* 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);

= 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.

DHA=

Phase 1

= Task 1.1: Initial
Observation of the
Burn ICU

" Task 1.2: CTA
Structured Interviews
and Observation.

= Task 1.3: Integrated
Data Analysis and
Model Development.

= Task 1.4: Decision
Model and Design
Requirements.

Tasks & Milestone Update

Phase 2

" Task 2.1: Scoping
and Planning.

= Task 2.2: Analysis.

" Task 2.3: Design
Phase.

= Task 2.4:
Implementation,
Integration and
Testing.

Phase 3
» Task 3.1: Participatory
Design.

= Task 3.2: Evaluation
Testing.

» Task 3.3: Usability
Assessment.

= Task 3.4: Validation
Testing.

= Task 3.5: CCS Delivery
and Transition.




DHAZ  Tasks & Milestone Update @

« Deliverables

Human Subject Protocol Approved: 27 Feb 2013, Amended Apr 30, 2013
- Quarterly reports Feb 2013-present; Bi-Weekly updates March 2015-present
+ Visit Reports (x4): March-November 2014
- Annual Reports September 2013, 2014, 2015

Initial Software User Interface Designs: January 2014
Burn ICU Cognitive Model: February 2014
Phase 1 Final Report: February 2014
Finalized User Interface Designs: April 2014
Initial Burn ICU Metrics: September 2014

+ Controlled test environment: Started October 2014
First iteration of working Prototype: December 2014
Second iteration of prototype: October 2015

+ Usability assessment of prototype: November 2015

Third iteration of prototype: expected January 2016
Validation assessment of prototype: expected February 2016
Finalized CCS program: expected April 2016

DHA= Research Methodologies @

Cognitive Systems Engineering

Preparation Knowledge Analysis and Application Evaluation
Elicitation Representation Design
+ Understand the ; * Determine which
domain, tasks, « Use CTA * Decompose data * Build prototype metrics would
lisers methods to into discrete systems and best measure
understand elements processes performance
. Ident.i!_v critical decisions « Transition
cognitively ) + Identify user decision + Test whether
complex tasks * Identify team decision requirements system supports
structure and requirements i user
communication Into desien
. concepts
* Identify the * Recommend
central issues. * Determine how redesigns to
and themes to best support provide greater
user decision support
making
Domain o H N 3
Understanding | Key Decisions | | Leverage Points Design Concepts ’ Impact Estimate
CCS Phase | €CS Phase Il and Il




DHA= Research Methodologies

% Year One

+ Literature Review

+ Observation: Five week-long visits to the BICU

« Structured Interviews: Typically 15-20 per visit

« Artifact Analysis: Collection, de-identification, and analysis of
information sources

« Thematic Analysis: Detection of patterns among and across data
elements

+ Participatory design: Collaboration among ARA and AISR team
members to create interface concepts complementary to BICU work
practice and culture

% Year Two
- Validation interviews: Review of representations with clinicians to
confirm, adjust, and enrich findings (Iterative development)
+ Survey: Research nurse data collection to answer focused questions,
such as requirements priorities

DHA= Research Methodologies

% Year Two (cont'd)
+ Rapid prototyping: Development of interface design based on Year
One data
» Agile prototyping: Initial software development, including initial
machine learning concepts (e.g., similar patients)
% Year Three
+ Agile Prototyping: Comprehensive software development, including
machine learning (e.g., similar patients, trends)
+ Usability Assessment: Determination of CCS suitability for individual
decision making, compared with current IT

+ Validation Assessment: Determination of CCS suitability for team
decision making, compared with current IT




DHAZ

Approval Update from HRPO and IRB:

Results to Date @

+  Amendment (personnel changes) to Protocol M-10280 (approved 26 Dec14)
Continuing Review for 2014 for CCS Phase | (approved 5 Jan 2015)
Machine Learning Protocol amendment #1 (approved 27 Mar 2015)

Lab Protocol (L.15.004) (approved 18 Jun 2015)

Lab Protocol (L-15-004) Usability Study amendment (approved 21 Oct 2015)

+ CCS Seven Core « Machine Learning
Functions « Data Exploration
« Patient Identifier + Data Access Layer
« Unit View + Element Analytics
« Patient View + Sequence Analytics

+ Care Team Manager + Similarity Analytics
» Order Management  + Semantic Analytics
« Text/Alert/Message + Metadata Analytics
* Rounds Checklists

Results to Date

<+ Evaluation

Usability Assessment
+ Validation Assessment

‘;
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u'“" Results to Date

Real Time CCS Demonstration
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“"‘ Results to Date

Descriptive Model of Cognitive Work

Function Unit Activities Unit Tasks Unit
Members Perform Members Perform Members Perform
Reduce uncertainty
Manage ambiguity
Clarification—— Manage conflicting agendas
Manage communication

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Coordination—|
Synchronization ——{

Identify alignment, gaps/differences

Negotiation —| (€8 agendas)
Manage conflicting agendas

Manage communication

Antlclpaﬁon—«l Forward thinking




Information Sources

Charge Nurse
Bedside nurse
Attending

Land line
phone

All staff members —Cell phone — Communications

Attending Emall

on phone

Point of care testing

Residents/med students. |
Fellow \
Bedside nurse Arterial \

Respiratory therapist |  Dlood gas computer |
Attendin, 4
9| Patieny | @nd Paper Computer
Bedside urse | Palisnt N .
Operating Room staff signe \
monitor .
9 Information
printout Sources
Bedside nurse /
Head Nurse [—Protocols /
Residents/med students /
Charge nurse Daily /
Wound care team leader wound /
care plan o
Residentsimed students —— Sign out /
sheet [ Paper
Charge Nurse | Charge
Bedside nurse [—— Nurse
Residents/med students checklist

Results to Date

Patient health record

Outpatient health record

Lab, radiology orders

Blood glucose management.

Nurse scheduling -

All staff members

Residents/med students
—| Fellow
| Attending
Residents/med students
—— Fellow
| Attending

Bedside nurse

Charge Nurse
Nursing staff

Radiolegy images gsl‘s;{:?“‘ymeu afisdante:
Attending

Wound Flow

Burn resuscitation.
decision support

Dietary program
Email

Databases that
populate system

Al staff members (during rounds)
|Wound care nurse update

- Bedside nurse

Dietician

All staff members

DHA=

Results to Date

Problem: No effective means to synchronize and adapt different
aspects of patient care over the course of a shift, across caregiver

team.

Requirement: System shall provide access to a plan of patient care,
visible to all caregivers responsible for that patient that includes:

» Current patient status and top-level assessment;

+ Goals and priorities for those goals;

- Changes/updates (e.g., indicating that plan is being updated when

one caregiver is working on it);

+ Schedule of activities and any changes, timeline;

» Orders and their status;

- Identity and contact information for patient’s care team.

Each of 39 requirements is directly connected to CCS features




Results to Date

Real time BICU decision and communication support

Joint Cognitive System
includes patient, staff, care
providers, family &
information sources

synthesizes

N
e Ty
Machine .
learning
finds
relevant
patterns

Interface

and
presents
salient ggta

{_
\

Results to Date

Unit View Information Design Prototype
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H" Results to Date

Unit View Software Prototype
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Results to Date

Patient View Software Prototype
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Results to Date

¢ Usability Assessment at AISR, 2-6 Nov 2015
- 41 participants (physicians, nurses, techs) performed 2 clinically relevant
scenarios. Comparison with Essentris (green strongly agree/agree, grey
neutral, yellow disagree) after 2-3 minute orientation and 2 scenarios:

| can find the information | need in CCS
more quickly than | can using Essentris. 244 9.7 859

Ni

| can find the information | need in CCS [T I
more easily than | can using Essentris 146 195 659

The CCS system is easier to use than Essentris [T [
| would feel more confident making

future clinical decisions and recommendation
using CCS than using Essentris

CCS supports the way | do my work [ I
better than Essentris. 174 105 634




DHAZ Tasks in Progress & Future Tasks

<+ Tasks in Progress

- Agile prototyping. Complete software development, including machine
learning (e.g., similar patients, trends)

<+ Future Tasks

- Validation Assessment. Determine CCS suitability for team decision
making, compared with current IT (planned for February 2016)

—
DHA= Barriers / Issues

Issues that have had significant effect on progress.
= IRB. Approval for human subjects research. Six month delay made NCE
request necessary.

»  Sub contractor. Small business SSCI was unable to perform according to
project needs for machine learning. After 1 year, replaced with ARA team.

« Access to Data. Year long delay made second NCE request necessary.

» Funding for AISR. Support for data mapping from Essentris EHR delayed by
three months.




DHAZ Risks & Risk Mitigation Plan

« Risk: Validation Study Delayed
IRB review and approval process may cause delays, forcing us to reschedule
the validation study in January.

« Mitigation: NCE
The NCE we have requested should provide sufficient buffer in the schedule to

complete approval if there is a delay from the review and enable us to complete
all analysis and reporting.

D]"A""t Metrics

Depending on BAMC IT support for CCS requirements:

<+ The final CCS prototype will be validated in the Burn ICU in a side by side
comparison with the current Essentris system.

<+ We will obtain clinicians consent to participate as care teams and will run
patient care scenarios using both CCS or the existing Essentris-based system
+ Use of either system will be measured:
- Quantitatively: e.g., Time to make decisions, steps to find data
- Qualitatively: Clinician insights on match with work needs and flow
+ By clinical expert: Decision quality using CCS, using Essentris

<+ Results will be assessed through statistical analysis of the data collected from
the participating care teams to reveal the difference between the two systems.
in terms of performance and acceptability




DHA= Anticipated Impact

as an Outcome of Research

Patient Safety. Successful implementation of the CCS in the clinical
environment has potential to reduce the incidence of medical misadventures.

Patient care efficiency. Safety and effectiveness of patient care can be
increased by increasing the speed at which clinicians can make accurate
clinical decisions.

Patient care intensity. Clinicians provided more direct interaction time with
patients, by reducing the time burden to find, use needed information.

Broad applicability. Can provide the same real time decision support in
clinical settings other than military facilities.

Transition Plan

The CCS project will include several deliverables from the current contract:
= A prototype user interface comprised of core functions, and a final report
Source code will be directly handed off to the USAISR

Development momentum will be maintained within the Comprehensive
Intensive Care Research Task Area managed by Jose Salinas”

Multiple professional publications
= Recommendation for follow-on to evolve CCS from TRL 5 to TRL 8

Eventual clinical use will require additional controlled trials and FDA
approval.

End customer: DoD healthcare system. Other prospective end customers
include Veteran’'s Administration, civilian healthcare systems

DHAZ

Conclusions

«+ Research: Cognitive Systems Engineering methods successfully enabled
the team to create an ecologically valid decision making and communication
support IT system. JPC-1, TATRC, CDMRP, and USAISR support for
publishing was a great help getting word to the professional community.

«+ Development: Coordination with USAISR to map data elements from the
Essentris healthcare record posed a challenge that the team needed to
manage constantly through Year Two into Year Three.

< Administrative: Institutional Review Board and Defense Health Information
Technology security regulations posed challenges throughout the project.

« Transition: lterative development through the integration of end users to
establish early buy-in is critical for successful implementation.




Appendix V. Presentation: A Cooperative Communication System. Defense Innovation Summit, Austin, TX.
December 2015

@HRH A Cooperative Communication System (CCS) G ‘
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Introduction Impact
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Appendix W. NIH-IEEE Point of Care Conference Presentation 10 Nov 2015: Valid Point of Care IT for

Improved Decision Making Precision
®

www.ara.com
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Valid Point of Care IT
_or Improved Decision

( / Z SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Christopher Nemeth, PhD, CHFP

NATIONAL SECURITY ENERGY & ENVIRONMENT INFRASTRUCTURE HEALTH SOLUTIONS

( fa SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Overview

+ Precision in clinician point of care decisions relies on
awareness of and access to the most important, or salient,
information.

+ Cooperative Communication System (CCS) project uses
Cognitive Systems Engineering

* Real time decision and communication support for more
efficient, reliable collaboration

* Expected to improve patient safety
and optimize patient outcomes.

@ HRH Photo: Dept. of the Army
2
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( SOLVING PROBLEMS OF GLOBAL IMPORTANCE

EHR Table Format
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Research Site

= Burn ICU in tertiary care medical center,

= 16 beds, 2 serve as a post-anesthesia care unit (PACU), 1
dedicated for Extracorporeal Membrane Oxygenation (ECMO).

= Other nearby units support the ICU, including a step down unit,
burn operating room, and outpatient clinic.

= Population averages around 8 patients but as high as 15

= Patients have severe affliction from chemical, mechanical or
electrical burns, or burn-like
afflictions such as toxic
epidermal necrolysis (TENS).

= Length of stay ranges from
days to months.

@ HRH Photo: Dept. of the Army

" www.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary




SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Pop Quiz!

Q. What is point of care precision in the case
of healthcare IT?

“ARA

" www.ara.com

©2015 Applied Research Associates, Inc. ARA Propristary

| SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Pop Quiz!
Q. What is point of care precision in the case
of healthcare IT?

A. A keen understanding of the work domain,

and clinician cognitive work, embodied by
an ecologically valid solution.

“ARA

* www.ara.com

©2015 Applied Research Associates, Inc. ARA Propristary




[ SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Research Design

= Goal is to improve care by better supporting the judgment of
individuals and teams who care for patients through a
cognitive aid that also assists communication.

= Three phases, roughly a year apiece: foundation research,
cognitive aid prototype development, and prototype
assessment.

Photo: Dept. of the Army
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Preparation Knowledge Analysis and Application Evaluation
Elicitati Repr i Design
+ Understand the + Determine which
domain, tasks, + Use CTA * Decompose data * Build prototype metrics would
users methods to into discrete systems and best measure
understand elements processes performance
. |de"tify critical decisions ] « Transition
cognitively ) * Identify user decision * Test whether
complex tasks * Identify team decision requirements system supports
Z:n%\crt\lfjr:i:::un requirements into design user
concepts
+ Identify the p. * Recommend
central issues * Determine how redesigns to
and themes to best support provide greater
user decision support
making
Domain — T % &
Understanding Key Decisions | Leverage Points Design Concepts ’ Impact Estimate
CCS Phase | CCS Phase Il and Il
@ ﬂgﬂom ©2015 Applied Research Associates, Inc. ARA Proprietary




Z SOLVING PROBLEMS OF GLOBAL IMPORTANCE

BICU Cognitive Model

Function Unit Activities Unit Tasks Unit
Members Perform Members Perform Members Perform

Reduce uncertainty
Manage ambiguity
Clarification—— Manage conflicting agendas
Manage communication

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Coordination—

Synchronization —

Identify alignment, gaps/differences
(e.g., agendas)

Manage conflicting agendas

Manage communication

Negotiation —

Anticipation——{ Forward thinking

@ " www.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary 9

[/ SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Core Functions

Seven elements comprise the CCS, which are
essential to support the BICU cognitive model:

« Patient Identifier

« Unit View

+ Patient View

« Scheduling

+ Order Management

+ Checklists

+ Tasking, Messaging,
and Alerting

= 05J Doe 58M Summary =

Vioun Care Evets

Sehedule

§' WWW.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary 10
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Unit View
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Patient View
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Patient View Time scale
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Patient View Patient history events
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Patient View

o mum e e o mua e
- =

“Child”
view tab
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Patient View

“Parent” view

@R
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Patient View Trends Salient

@AR

Wwww.ara.com ©2015 Applied Research Associates, Inc. ARA Propritary 17

( g SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Machine Learning

+ Data Exploration

» Data Access Layer
» Element Analytics
« Sequence Analytics
« Similarity Analytics
+ Semantic Analytics
» Metadata Analytics

AR
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Usability Assessment

¢ 2-6 Nov, at research site
* 43 participants (13 physicians, 20 nurses, 10 techs)
» 2 clinically relevant scenarios for individual use: prep for
surgery, new admissions
* Quantitative (e.g., time to complete task)
* Qualitative (e.g., level of effort)
» Strong evidence on behalf of
concept

* Assessment to validate team
use scheduled for Feb 2016

4 ARA

" www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary 19

Y :A SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Valid Point of Care IT for
Improved Decision Making Precision

= Good decision support is actually needed on the most difficult
problems which are the ones that experts confront,

= The way that a problem is presented can improve or degrade the
cognitive work performance.

= Understanding cognitive work of patient care requires probing
more deeply under the surface descriptions of the work domain,
to reveal and understand underlying patterns of systemic factors
that form them.

= Point of care decisions, and intensive care decisions in particular,
pivot on current, accurate, available information that requires
ecologically valid IT support.

“ARA

www.ara.com © 2015 Applied Research Associates, Inc. ARA Propristary 20




e SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Your comments and correspondence
are welcome.

Christopher Nemeth, PhD

chemeth@ara.com

@AR
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Appendix X. Support for Salience: IT to Assist Burn ICU Clinician Decision Making & Communication. IEEE
Systems Man and Cybernetics International Symposium. October 2015. Hong Kong. (presentation)
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TitleSlideBG2014c.jpg .

www.ara.com

N Support for Salience
e IT to Assist Burn ICU Clinician

Christopher Nemeth, PhD, CHFP

NATIONAL SECURITY ENERGY & ENVIRONMENT INFRASTRUCTURE HEALTH SOLUTIONS

( /a SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Objectives for This Session

= Become familiar with the nature of and need for human
subject field research in military healthcare work settings

= Become familiar with the use of human factors methods such
as Cognitive Systems Engineering to understand and support
military healthcare

* Understand how human factors can help to improve military
healthcare reliability, safety, efficiency, and resilience.

@ HRH Photo Dept of the Army
* www.ara.com © 2015 Applied Research Associates, Inc. ARA Pro, 2




("‘ Z SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Research Site

AR

Burn ICU in tertiary care medical center,

16 beds, 2 serve as a post-anesthesia care unit (PACU), 1 dedicated
to support Extracorporeal Membrane Oxygenation (ECMO).

Other nearby units support the ICU, including a step down unit, burn
operating room, and outpatient clinic.

Population averages around 8 patients but as high as 15

Patients have severe affliction from chemical, mechanical or electrical
burns, or burn-like afflictions such as toxic epidermal necrolysis
(TENS).

Length of stay ranges from ’
days to months.

Photo: Dept. of the Army
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Research Design
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Goal is to improve care by better supporting the judgment of
individuals and teams who care for patients through a cognitive
aid that also assists communication.

Three phases that are scheduled to take roughly a year apiece:
foundation research, cognitive aid prototype development, and
prototype assessment.

Photo: Dept. of the Army
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concepts
* Identify the p' * Recommend
central issues * Determine how redesigns to
and themes to best support provide greater
user decision support
making
Domain
Understanding Key Decisions Leverage Points Design Concepts Impact Estimate
CCS Phase | CCS Phase Il and 1l

@AR

www.ara.com

© 2015 Applied Research Associates, Inc. ARA Proprietary




[ /o SOLVING PROBLEMS OF GLOBAL IMPORTANCE

BICU Cognitive Model

Function Unit
Members Perform

Synchronization —

AR

www.ara.com

Activities Unit
Members Perform

Clarification——

Coordinatiom—

Negotiation ——

Anticipation—|

Tasks Unit
Members Perform

Reduce uncertainty
Manage ambiguity

Manage conflicting agendas
Manage communication

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Identify alignment, gaps/differences
(e.g., agendas)

Manage conflicting agendas

Manage communication

Forward thinking

©2015 Applied Research Associates, Inc. ARA Proprietary

Core Functions

to
+ Unit View

« Patient View

+ Scheduling

* Order Managemen
+ Checklists
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t

Six elements comprise the CCS, which are essential
support the BICU cognitive model

« Tasking, Messaging, and Alerting

2015 Applied Research Associates, Inc. ARA Proprietary
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Patient View Time scale
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Patient View

“Child”
view tab
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Patient View
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Machine Learning

« Data Exploration

» Data Access Layer
+ Element Analytics

+ Sequence Analytics
+ Similarity Analytics

» Semantic Analytics

+ Metadata Analytics
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are welcome.
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Appendix Y. Resilient Health Care Network Recognition Application

1. Title: A Cooperative Communication System (CCS) for Safe, Effective, and Efficient Patient Care
2. Names of applicants: Christopher Nemeth, PhD, LTC Jeremy Pamplin, MD

3. Lead applicant: Christopher Nemeth, PhD

4. Organisations: Applied Research Associates, Inc. (ARA), U.S. Army Institute of Surgical Research.

5. Background. Caring for critically ill patients presents clinicians with unique challenges that stem from their
complex combination of life-threatening injuries and illnesses they face, particularly those who

are admitted to a Burn Intensive Care Unit
(BICU).  Care providers from multiple
disciplines must collaborate to make  fomeen™

the nature of

. . 5 Findings understanding
effective decisions, develop treatment — Zicoeee i obSarvation, sudy,

. . system artifact use and analysis
plans, assess patient progress, and refine 4

care management over time to restore  Synthesis

& Evaluation
Develop and

patient health following devastating injury. testrepresenta-

tions of domain -

However, their decisions are only as good  sementes 1 <
as the information that is available and

Participatory Design Participatory Design

evi d e nt Wh en t h e dec| S i ons are ma d e. Th e Clinicians and researchers Assessment Clinicians and researchers

co-create information design Determiries solution co»c‘reare software solution
fit with requirements

way a problem is presented can either T A

Use Cases
- | Narratives describe how

improve or degrade clinicians’ cognitive and  Analyses

Discover the

motivation,

ey oy solution will operate

macro-cognitive  work  [1,2].  Critical i Py

bethd what Requirements
. . . . . is observed Identify h Juti
information needed to make decisions is = R oo e 14

. erre . Thematic Analyses _—E overcome barriers 5

routinely difficult to obtain, often (denied pattens —_ 4

In data across Pz Barriers

. orre multiple sources to
Work d featt that
unavailable, and difficult to share.  Gaps  mee e swcpnenesn  pokEmEET
. . and setting Activities, tasks clinicians A Inventory of information clinicians

amo ng | nfO rmation sources an d amo ng szgg,:;"cg’r:ync’:""’ze \é « ®  rely on for macrocognitive activities

care providers impede decision making and

Data Interview Notes [k
healthcare delivery. o e
Y
interviews 7’ -
ggglcsr.,%eadmers, >F\eid Notes
.-y . and initiatives Observations p
Through a  Cognitive  Systems P pacmy orsicUteam |5 [ e
Engineering (CSE) [3] approach (Fig. 1), X y R e
our project team identified 20 key prenomens L ) 4
- -y . ccount for the r
challenges and barriers to cognitive work on ity of cognr Mool and hatchand [stenes BlcU isam 4
« . tive work as it interviews elicit | routine. Identify tools clinicians
the BICU (e.g., “no means to synchronize o= Kknowledge on EICU o, 5 10 spport ognive
clinician lived .
care”), and translated them into concise siberences. [
problem statements and 39 system BICU ST SyiichBARIAG Cats

requirements, (e.g., “system shall provide

access to a plan of patient care, visible to all Fig.1: Research design using CSE (Copyright © 2016 ARA,
care givers responsible for that patient”). INC.)

We developed representations to describe

the BICU environment and key resources

clinician use there, formulated a set of use

cases to describe for developers how the



system is intended to work, and developed a
descriptive model of Burn ICU cognitive
work showing care synchronization as the
unit’s primary mission. The information
designer and programmers used the
requirements and use cases to develop,
evaluate, and refine both information design
and software prototypes (Fig, 2). Displays
are organized by body system in parent-
child tab format to enable immediate
recognition and assessment among systems Figure 2: CCS Patient View (Copyright © 2016 ARA. Inc.)
(e.g., cardio-pulmonary, or cardio-renal).

Our usability assessment found over 65% of

42 BICU clinicians preferred the CCS over

P ror so+ O1den

their legacy IT system.

6. Resilience Innovation. Understanding a work setting can improve worker ability to operate in spite of

significant challenges such as unexpected changes in the type, rate, and volume of care demand. Insights

from CSE studies can also help to contribute to the system’s ability to adapt—to be more resilient [4]—when

workers confront unforeseen challenges. The CCS supports resilience through:

Ablility to Adapt to Surprise. The use of CSE makes understanding what goes right, and occasionally does
not, a routine learning process that can improve the CCS and the unit’s ability to adapt.

Ablility to Identify and Apply Resources. Making trade-off options evident through the scheduling view
supports planning and re-planning by improving clinician ability to identify and use resources.

Awareness. The data mining feature seeks and extracts important but subtle information patterns about
the unit, patients or clinician(s) to reveal hidden interdependencies that would otherwise go unnoticed.
Its messaging feature, unit-level view, and scheduling function enable clinicians to make informed trade-
off decisions and develop and maintain common ground to synchronize care.

7. How it will contribute to improved health care. Intense collaboration among human factors researchers,

information designers, developers and clinicians has resulted in 6 contributions by CCS to improved care:

a.

Unified picture for clinical data. Presents salient data in one plane to facilitate accurate decisions. Users
can customize patient view layout to refine what data are displayed and how they are shown.

b. Built from the user to the system, not system to user. Based on clinical mental models, unit practices.

Directly support clinical work processes. Satisfies requirements that we found are essential to this type of
cognitive work. Messaging enables clinicians to detect problems, plan/re-plan, develop common ground.

. Evolvable/self-teaching. Can identify patterns such as trends, comparable patients and care regimens, and

metadata on how clinicians use the system so the CCS can evolve as the unit evolves.

Pattern finding. Machine Learning algorithms find, reveal patterns in patient data that would otherwise go
unnoticed. Detects subtle interactions that threaten patient (e.g. incipient sepsis).

Interoperability. As a platform agnostic system, CCS can assemble and present salient data from multiple
information sources including electronic medical records (EMRs), databases, and medical devices.

8. Potential generalisability. Founded on understanding work-as-done rather than work-as-imagined [5], the

CCS supports adaptation and resilient performance (which are critical features of clinical work) and improves

clinician collaboration and patient safety across care settings.



9. Plan for take-up elsewhere. The CCS could be adapted to devices and any EMR database to provide novel,
task oriented, real-time role-based views of clinical data. Applied Research Associates will promote the
adoption of the CCS in public and private care settings globally.

[1] Woods. D. D. (1988). Coping with complexity: The psychology of human behaviour in complex systems. In
L.P. Goodstein, H.B. Andersen, and S.E. Olsen (Eds.). Mental Models, Tasks and Errors, Taylor & Francis,
London. 128-148.

[2] Cacciabue, P.C. & Hollnagel, E. (1995). Simulation of cognition: Applications. Expertise and technology:
Cognition and human-computer cooperation. In J.M. Hoc, P.C. Cacciabue, & E. Hollnagel (Eds.). Mahwah,
NJ: Lawrence Erlbaum Associates. 55-73.

[3] Hollnagel, E. & Woods, D.D. (1983). Cognitive systems engineering: New wine in new bottles. International
Journal of Man-Machine Studies. 18(6): 583-600.

[4] Hollnagel, E., Woods, D. & Leveson, N. (2006). Resilience Engineering: Concepts and Precepts. Aldershot,
UK: Ashgate Publishing.

[5] Hollnagel, E. (2015). Why is work-as-imagined different from work-as-done? In Wears, R., Hollnagel, E. &
Braithwaite, J. (Eds.). Resilient Health Care, Volume 2: The Resilience of Everyday Clinical Work. Farnham,
Surrey, UK: Ashgate Publishing Ltd.



Appendix Z. Literature Review on Clinician Decision Making

Fifteen papers from professional literature provide an overview of clinician decision making and efforts to
support it through various means including IT systems. Each summary is organized according to: Reference /
Summary/ Method/ Findings/ Conclusions/ Relevance for CCS.

Ahmed, A, Chandra, S., Herasevich, V., Gajic, O., & Pickering, B. W. (2011). The effect of two different
electronic health record user interfaces on intensive care provider task load, errors of cognition, and
performance. Critical Care Medicine, 39(7), 1626-1634.

Summary: This highly- structured comparative study employed a randomized crossover design to examine
whether the manner in which data is organized and displayed to practitioners can affect users’ ability to
synthesize data into meaningful information. The study tested the hypothesis that novel user interfaces that
present high-value, system-based data to provider will reduce task load and cognitive errors when compared
to standard user interfaces. Participants used one of two interfaces to review the medical record of an ICU
patient experiencing a specific clinical event (‘active bleeding’), and responded to a structured questionnaire
designed to assess the quality of their clinical decisions. Additional measures included task load and use of
standard EMR vs novel use interface

Methods: 20 physicians (6 attending, 14 residents) examined patient data for 8 patients, 4 using a standard
EMR interface and 4 using a novel interface, producing datasets of 160 responses (80 for each interface
condition) for each of several measures. Participants responded to a 7-item forced-choice questionnaire
designed to evaluate accuracy of clinical reasoning/decision making. Inaccuracy/errors were defined as
deviations from correct responses to questionnaire items as determined by two SME respondents.
Additional measures included task load (NASA TLX), speed to task completion, and number of data elements
considered.

Findings: Results suggest that the configuration of the standard ICU user interface contributed significantly
to task load, time to task completion, and the number of cognitive errors associated with identification and
use of relevant patient data.

Conclusions: User interface configuration has a demonstrable effect on ICU practitioner performance. Task
specific use interfaces, developed on the basis of a thorough understanding of user information requirements
offer significant advantages over interfaces contained in standard electronic health systems. “EMRs, which
indiscriminately present the entire data set every time, impose an unnecessary task load on the provider, are
wasteful of time, and (are) associated with unnecessary error.” (pg 1633). Authors conclude that standard
EMRs flood practitioners with overwhelming amounts of data, which has cascade of effects that include
increased uncertainty, difficulty finding key information embedded in multiple screens, increased cognitive
workload and increased likelihood of errors.

Relevance for CCS: Study is directly relevant to CCS in its demonstration of significant effects of user-

informed interfaces on clinical practitioner performance. However, the study has a number of limitations
including:



e Use of a single clinical scenario, and requirements that participants complete their task in a fixed
sequence.

e Task was deliberately structured to eliminate variability in clinical questions and responses and
doesn’t not represent full range of the clinical challenge

e Study focused exclusively on physicians and did not include input/data from others on the clinical
team, family members or patient.

Croskerry, P. (2002). Achieving quality in clinical decision making: cognitive strategies and detection of
bias. Academic Emergency Medicine, 9(11), 1184-1204.

Summary: This article is a selective review and discussion of cognitive bias in context of Emergency
Medicine. Author also describes some approaches to de-biasing, in order to mitigate diagnostic errors by ED
physicians.

Method: Review

Findings: Author contends that in order to manage the extreme density and complexity of decision making in
the ED, physicians adopt several decision-making strategies that are part of an informal Bayesian approach
and which serve to reduce decision complexity and build economy and redundancy into the process. Author
notes that strategies do not conform to any formal analytical decision making process, and include pattern
recognition, rule-out-worst-case-scenario, exhaustive method, hypothetico-deductive method, heuristics and
cognitive disposition to respond. Each of these strategies is described in detail, and a catalogue of heuristics,
biases is presented that includes general properties, typical consequences and strategies for mitigation.

Conclusions: In the author’s view heuristics and biases are account for errors in decision-making, so that
improvement in quality of care and patient safety is directly linked to de-biasing efforts. Author also notes
that errors are most likely to occur under conditions of uncertainty, particular in early stages of the decision
process.

Relevance for CCS: Within the paradigm described in this paper, it seems reasonable to assume that decision

tools that help clinical teams manage uncertainty would address what the author contends is the underlying
cause of decision errors.

Elstein A.S. & Schwartz A. (2002). Clinical problem solving and diagnostic decision making: selective review
of the cognitive literature. British Medical Journal, 324, 729-732.

Summary: Article is offered as a selective review of 30 years of research on clinical diagnostic reasoning.
Primary focus is on the distinction between rational decision models and problem solving models and the
insights each offers regarding clinicians’ cognitive processes.

Method: Selected review

Findings: Problem solving approaches focus on diagnostic reasoning as a process of testing hypotheses.
Solutions to difficult problems are identified by generating a small set of hypotheses early on and using them



to guide subsequent search for data. Problem solving processes of experienced physicians are more
efficient and of higher quality than those of novice physicians, and employ a range of strategies, flexibly
applied in response to feature of the cases such as difficulty.

In contrast, in traditional decision research, diagnosis is treated as opinion revision, with opinion updated
with imperfect information (the clinical evidence). The standard tool for accomplishing this task is Bayes
theorem. The authors note that Bayes theorem provides information about how clinicians should reason, but
not about how opinions are revised. The focus is on statistical models of reasoning under uncertainty, and
departures from those standards.

Conclusions:

Problem solving and decision making are distinct paradigms for conducting research on clinical reasoning,
with distinctly different assumptions and methods. Authors suggest that both approaches have focused
more on the mistakes clinicians makes than on what they get right. Nonetheless, the authors contend that
the prevalence of these errors has not been established, and that expert clinical reasoning is very likely to be
right in the majority of cases.

Relevance for CCS:

Research on clinical decision making has involved distinctly different paradigms. The CCS research team, in
its emphasis on macrocognitive models and contextual features has adhered more to a problem-solving
paradigm than a decision research paradigm. Differences between more and less experienced physicians in
their approaches to diagnostic reasoning suggests the importance of tools and technologies that are designed
for use by clinicians at a variety of skills and experience levels.

Falzar P.R., Moore B.A., & Garman D. M. (2008). Incorporating clinical guidelines through clinician decision-
making. Implementation Science 3 (13) doi:10.1186-5908-3-13

Summary: As part of a larger discussion of the role of evidence-based practice in psychiatric treatment
decision-making, this article offers an in-depth review and comparative discussion of several models of
decision making and their relevance to clinical practice. (see “Findings” for synopsis)

Method: Detailed, integrative literature review
Findings: Major points contained in the article include the following:

e Studies of clinicians’ failure to adopt evidence-based practice have been taken as evidence of
systematic decision biases. Authors note that claims of systematic decision biases are firmly based in
an extensive research literature demonstrating that clinicians do not adhere to probabilistic models
that define ‘optimal decisions’ as those that most closely match actuarial prediction. Within this
paradigm clinicians are characterized as sub-optimal decision makers, because they perform less
capably than statistical models. Decisions are seen as binary events (correct vs incorrect) and
performance is assessed against a standard of correctness.

e Classical decision theory (CDT) is characterized by authors as having limited application to the task of
understanding how clinical make treatment decisions in real-world settings. The major drawback of
CDT is its emphasis on optimal decisions derived from the adoption of logical models. Among its



shortcoming is the assumption of a ‘“friction-free’ environment that fails to account for the complex
clinical situations that medical decision makers routinely face.

e Authors note that naturalistic decision models appear to have great applicability to medical decision
making. These approaches emphasize the importance of situational understanding to determining
courses of action.

e Authors describe Image Theory (IT) in detail noting that it posits that decision-making involves the
application of multiple strategies (in contrast to CDT which posits decision making as the complex
application of a single strategy). IT describes the decision making as a process of winnowing down,
or filtering out, unacceptable alternatives and then selecting a preferred alternative. The filtering
process is posited to employ a screening strategy that relies on internally-held criteria (e.g. speed,
proximity, cost).

Conclusions: (n/a)

Relevance for CCS: The article provides a helpful overview of CDT and naturalistic decision models and the

application of each to clinical decision making. However, issues surrounding measurement of decision
making are not addressed directly. For example, if one were to adopt a CDT approach, it would require
somehow specifying each individual decision across the clinical practice team and identifying the statistical
probabilities associated with that decision. Given the complexity, lack of complete information, and rapidly
changing situation, those probabilities are essentially unknowable. For IT or other naturalistic paradigms,
decisions are driven by internally held judgments, perceptions, knowledge and understanding within the
context of a complex and fluid socio-technical system that eventuate in a selection of a course of action (e.g.
a treatment decision). The ‘goodness’ of a decision depends on all those factors, and in such complex
environments there are often multiple ‘good’ decisions that might occur in response to the same set of
events.

Friedman C.P., Elstein A.S., Wolf F.M., Murphy G.C., Franze T.M., Heckerling P.S., Fine P.L. et al (1999).
Enhancement of clinicians’ diagnostic reasoning by computer-based consultation. JAMA Vol 282 no 19 pg
1851 — 1856.

Summary: Study examined the extent to which consultations with computer-based diagnostic support
systems (DSS) improved clinicians’ diagnostic hypotheses in a set of diagnostically challenging cases. The
study was undertaken because most studies of clinical system support have emphasized the accuracy of the
computer system alone. For example, how often a system in the hands of expert users could identify the
correct diagnosis. In this investigation, clinicians were placed in the role of direct users of the DSS.

Method: The study employed an experimental procedure to elicit clinicians’ diagnostic hypotheses before
and after DSS consultation, in response to an assigned set of cases. Effects of consultation with the DSS were
determined using pre-post DSS comparisons. Two mature DSS were selected for use in the study (ILIAD and
Quick Medical Reference). The study was conducted at three academic medical centers. Data was collected
over a three year period. Sample consisted of 12 faculty physicians, 12 residents and 12 medical students
from each medical center, assigned to one of the two DSS used in the study. All participants were trained
individually on the DSS to which they were assigned.



Cases used in the study consisted of 36 detailed case summaries developed by the investigators, and based
on actual cases from each of the three participating medical centers. Each participant received a set of 9
cases. Before and after consultation with their assigned DSS, participants generated a list of up to 6
diagnostic hypotheses for each case.

Quantitative measures of diagnostic quality were developed specifically for the study.

Findings: Across the full sample of clinicians and cases, consultation with DSS had a modest positive effect on
diagnostic reasoning. Although significant at all three experience levels, effects of DSS consultation were
greatest for medical students. Smaller effects for more experienced physicians indicated that any case
difficult enough to challenge an experience clinician is also likely to challenge the systems used in the study.

Conclusions: Authors note the diagnostic hypothesis formation is only one aspect of the clinical process, and
that DSS may be more useful in other ways, such as suggesting tests and other aspects of patient evaluation.
The authors emphasize the importance of considering both the clinical user’s experience and knowledge and
the context in which diagnostic reasoning occurs. Specifically:

e Aclinician’s own medical knowledge plays a critical role in a his/her interaction with a DSS. Revision
of a diagnosis is a joint functions of what the clinical knows and the information provided by the DSS

e Variation in how clinician-users interact with the DSS is important. The system’s clinical value
depends in part on how clinicians choose system features, and how they enter and retrieve
information.

e Consultation with a DSS may have both positive and negative effects on a clinician’s diagnostic
reasoning. The DSS may offer advice that is “appealing but incorrect” (pg. 1852).

Relevance for CCS: First, it is important to take into account that use of health IT and effects on decision

making and diagnostic reasoning are likely vary by clinical role and experience level. Second, this is a large,
long-term and very carefully designed study that, like so many others in the literature, focuses on physicians,
uses highly-structured tasks, and was conducted in a laboratory setting.

Garg, A. X., Adhikari, N. K., McDonald, H., Rosas-Arellano, M. P., Devereaux, P. J., Beyene, J., ... & Haynes,
R. B. (2005). Effects of computerized clinical decision support systems on practitioner performance and
patient outcomes: a systematic review. Jama, 293(10), 1223-1238.

Summary: Article reports on a systematic and comprehensive review of studies using controlled trials to
assess the effects of computerized clinical decision support systems (CDSS) and to identify sources of benefit.

Method: Based on pre-selected inclusion criteria, 100 studies were identified for inclusion in the review.
Reviewers abstracted data on methods, setting, CDSS characteristics, patient characteristics and outcomes.
Abstracted data were examined and findings compiled for 2 primary research questions: 1) do CDSSs
improve practitioner performance or patient outcomes? 2) Which CDSS and study-level factors are associated
with effective CDSSs? Authors note that expert physician opinion or clinical practice guidelines usually
formed the knowledge bases for the CDSS



Findings:

e |Issues that impact the effectiveness of CDSSs include user acceptance, workflow integration,
compatibility with legacy systems, system maturity, and upgrade availability.

e Cheaper, non-computerized alternatives maybe equally or more effective in improving care and reducing
medical errors.

e Evaluation of CDSS effectiveness is difficult to assess because more studies are not able to enroll
sufficient numbers of patients for statistical tests of improvements in patient outcomes. Given that,
‘effectiveness’ is limited to influence of CDSSs on practitioner performance

Conclusions:

e Evidence from this systematic review suggests that evidence that CDSS improve efficiency and
reduce costs is limited. Cost-effectiveness of systems remains essentially unknown.

e Systems are proliferating and their technical performance and usability are improving. In parallel,
the number and quality of evaluation is increasing, and show that many CDSSs improve practitioner
performance.

e Additional research is needed to demonstrate the effects of CDSSs on patient outcomes.

Relevance for CCS: This review study provides a basis of comparison of the CCS evaluation with prevailing

standards.

Gittell, J. H., Beswick, J., Goldmann, D., & Wallack, S. S. (2015). Teamwork methods for accountable care:
Relational coordination and TeamSTEPPS®.Health care management review, 40(2), 116-125.

Summary: In accord with IOM’s call for development of a culture of teamwork that functions at multiple
levels throughout a health care system, this review paper seeks to identify teamwork measures that provide
diagnostic information on an organization’s teamwork along with validated interventions.

Method: The research team reviewed 37 teamwork measures published in a previous review by Valentine et
al (2013)* against 4 criteria of psychometric validity: internal consistency, interrater reliability, structural
validity, and content validity and that also were designed to measure teamwork at multiple levels across an
organization. Authors identified 10 measures that met all four criteria and they are presented in the body of
the report.

Findings: Authors present helpful and detailed information on teamwork measures in healthcare and
employs a relational coordination model to organize the available measurement tools. They use the same
relational coordination model to organize and present validated teamwork intervention tools. Relational
coordination employs 3 relational dimensions (shared goals, shared knowledge, and mutual respect) and four

! Valentine M., Nembhard, I., & Edmondson, A. (2013) Measuring teamwork in health care settings: A review
of survey instruments. Medical Care 53, no. 4 el16—e30.



communication dimensions (frequent, timely, accurate, problem-solving) that together are held to underlie
effective coordination of work.

Authors cite studies in support of associations between relational coordination and a wide range of
outcomes, and present a table of the various outcomes, organized as follows: quality outcomes, efficiency
outcomes, patient/family engagement, worker outcomes.

Conclusions: The review provides a detailed catalogue of team process measures and outcomes that have
been linked in prior research to the teamwork construct of relational coordination.

Relevance for CCS: Given that the CCS is intended for use by clinical practice teams, it has embedded within

it a number of features designed to support and enhance communication and coordination among clinical
providers. Evaluation of that aspect of the CCS requires measures that reflect teamwork and/or outcomes
associated with teamwork.

Kushniruk, A. W. (2001). Analysis of complex decision-making processes in health care: cognitive
approaches to health informatics. Journal of biomedical informatics, 34(U), 365-376.

Summary: The first portion of the article presents the theoretical foundations for the study of decision
making in medicine and other complex work domains. Author notes that although conceptually similar,
medical problem solving and decision making in complex tasks have studied from different theoretical
perspectives and using different methodologies. Study of medical problem solving typically focuses on
generation of diagnostic hypotheses and overall situation assessment that precede a diagnostic decision.
Research on decision making typically focuses on the ‘decision event’ itself. In real-world contexts however,
reasoning and decision-making are tightly linked. Decisions are the outcome of problem-solving processes,
where the decision represents the solution to the problem, and leads to an action. The author discusses
various theoretic approaches that are relevant to the study of medical problem solving/decision making
including: the recognition-primed decision model, studies of situation assessment; the cognitive continuum;
and, the role of expertise. The author discusses issues in the study of cognition and medical decision making
that warrant additional attention, including the relationship between the study of complex decision making
and application of findings from those studies to the development of improved decision support systems in
health care.

The author then briefly presents results of a study (published elsewhere), that demonstrates use of think-
aloud methods for conducting a cognitive task analysis (CTA) of complex decision making in the ICU. The
study illustrates an approach to studying decision making by clinical practitioners dealing with a complex

clinical event (pulmonary embolism).

Method: Participants were 24 physicians at three levels of experience (8 medical students, 8 residents, and
8 ICU specialists). Participants were provided written case studies that described patients’ overall clinical
presentation as well as evidence from specific tests and scans. Some cases contained consistent evidence of
PE, and others presented varying degrees of conflicting information. Participants were asked to ‘think aloud’
while they considered each case and arrived at decisions regarding treatment.



Findings: Findings indicated differences in strategies for dealing with ambiguity of evidence as function of
physician experience level. When confronted with conflicting evidence, medical students tended to base
their decisions on scan and test results. Expert physicians were more likely to focus on the overall clinical
picture rather than a specific test results. Faced with conflicting evidence, residents most often sought to
defer the decision. In addition, expert physicians focused on developing a strong situation assessment for
each case, and to use that in interpreting specific test results.

Conclusions: Author suggests that findings from the research literature and the example study indicate the
importance of considering cognitive processes of potential system users in order to adequately support them
in making complex decisions. Findings suggest that users at differing levels of experience may employ
significantly different strategies, consider different information, and require different types of decision
support. Taking those differences into account in design of systems is necessary if systems are going to offer
effective decision support.

Relevance for CCS: Offers convergent evidence for use of CTA methods to study clinician problem

solving/decision making; the importance of considering cognitive requirements in design of decision tools,
and the need for flexibility in those designs in order to support clinical providers in different roles and
different levels of experience.

Landman, A. B., Redden, L., Neri, P., Poole, S., Horsky, J., Raja, A. S., ... & Poon, E. G. (2014). Using a medical
simulation center as an electronic health record usability laboratory. Journal of the American Medical
Informatics Association, 21(3), 558-563.

Summary: A case study report of use of a medical simulation center to perform usability tests on health
information technology, as part of a project to examine how Emergency Department (ED) physicians use the
electronic health records that are currently available to them. The article provides a detailed description of
requirements for conducting usability tests in a medical simulation center.

Method: Project employed a single clinical scenario representative of a typical ED visit. The scenario was
intended to study use of electronic documentation rather than medical knowledge or technical skills, and was
therefore intentionally straightforward. Participants were ED residents (number of participants is not
included in the research report). The simulation scenario required four research staff, including a physician-
actor who play the role of the patient; a research analyst who facilitated and moderated the session; a
research analyst who took notes during the session; a simulation center technician. Sessions were also
recorded on videotape.

Findings: The key tasks and resources required to set up and use an electronic health record in a medical
simulation center were compiled and presented.

Conclusions: EHRs can be successfully integrated into existing simulation centers, which may provide
realistic environments for usability testing, training and evaluation of human-computer interactions.

Relevance for CCS: Case study offers a roadmap for the tasks and resources required to conducted usability

tests of health information technology in medically realistic environments. Authors note that more complex
simulations scenarios, the tasks and resources will require additional planning and resources.



Ng, L. S., & Curley, M. A. (2012). “One More Thing to Think about...” Cognitive Burden Experienced by
Intensive Care Unit Nurses When Implementing a Tight Glucose Control Protocol. Journal of diabetes
science and technology, 6(1), 58-64.

Summary: This case study examined clinical protocols that surround tight glucose control in the ICU as an
exemplar case that demonstrates the cognitive workload issues that ICU nurses experience as a function of
rapid increases in the number and complexity of protocols they are expected to know and implement.

Method: Integrative literature review that incorporates research studies from nursing, critical care
medicine, decision science, human factors and cognitive systems engineering.

Findings: Evidence-based clinical protocols may not seem burdensome when considered individually, but in
the context of real-world clinical practice, nurses are expected to know multiple protocols and be capable of
successfully implementing then during ongoing patient care. Authors suggest that clinical protocols may
function as a cognitive burden that interrupt the nurse’s primary task of patient care by adding complexity
and busyness and increasing mental workload. Studies of computer-based protocols suggest that when
nurses are involved in design and application of protocols, cognitive workload is reduced.

Conclusions: Coupled with well-designed computerized algorithms, reduction of clinical cognitive burden
will enhance clinical practice and support improved patient outcomes

Relevance for CCS: The ICU bedside nurse is a critical focal point for implementation of protocols and other

aids intended to optimize care. Poorly designed tools that fail to reflect the socio-technical system in which
nurses function can have significant negative effects, increasing cognitive workload and distracting nurses
from their primary patient care function.

O’Sullivan, D., Fraccaro, P., Carson, E., & Weller, P. (2014). Decision time for clinical decision support
systems. Clinical Medicine, 14(4), 338-341.

Summary: Paper provides overview of current state of health care IT systems, including impediments to
successful adoption of clinical decision support systems (CDSS) across large-scale medical systems,
suggestions for addressing current limitations and strategies for future design and development.

Method: Literature review and synthesis

Findings: Clinical decision support systems offer a range of supports for clinical practitioners including
improved efficiency and safety. Despite 50+ years of robust research by the academic computer science
community, implementation of CDSS has been limited. Reasons identified in this paper include:

o Volume of high-quality data required for state-of-the-art systems and translation of that data to
machine-readable states

e mapping of CDSS to existing clinical processes and workflows

e  Focus by large-scale commercial developers on well-structured problems such as order-entry and
alarms and alert functions

e Poor interoperability among existing clinical systems that limit development of generic, reusable, and
scalable CDSS



e Systems that are poorly designed and have limited utility due to lack of attention to the socio-
technical context in which clinical practitioners operate

e Reluctance on the part of clinical practitioners to adopt systems that lack transparency re system
algorithms and methodologies

Conclusions: Development of effective CDSS requires close collaboration between computer scientists and
clinicians, so that each community better understands the other. Adoption will require better-informed end
users (e.g. through enhanced training and instruction for clinical practitioners). Authors assert that
technology capability is sufficiently advance to offer meaningful, effective support for clinical decision
makers. What needs to be addressed are the challenges identified above.

Relevance for CCS: Note that the CCS project is an example of close collaboration among system developers,

cognitive engineering professionals and the clinical community. Nonetheless, the team has had to grapple
with several of the challenges noted in the Findings section (e.g. data volume, interoperability issues).

Patel, V. L., Kaufman, D. R., & Arocha, J. F. (2002). Emerging paradigms of cognition in medical decision-
making. Journal of biomedical informatics, 35(1), 52-75.

Summary: A comprehensive and detailed review of theory and research on leading paradigms of decision-
making and their relevance to decision making in healthcare. Authors also provide an examination of
technology-mediated decision-making’.

Method: Critical, integrative review

Findings: Paper is organized in six sections and built around a number of key claims that characterize the vast
literature that is the basis for this review (the reference list contains 123 citations). Claims are described as
hypotheses about the decision-making process that have substantial support in the literature. Authors offer
the following definitions relating to decision making: “decisions involve choosing a course of action among a
set of options with the intent of achieving a goal..... good decisions are those that effectively choose means
that are available in a given situation to achieve as well as possible the individual’s goals.” (pgs. 53-54).

Conclusions: The authors put forth the following Claims which summarize their key findings

e Claim #1: Heuristics and biases significantly impact the process of decision-making had have been
well documented in the context of health-related decisions. This research that supports this claim
is based on rational choice approaches (also referred to as ‘traditional’ or ‘classical’ decision
research) that compare decision making to a normative standard (e.g. subjective estimated utilities
or Bayesian models). Systematic deviations from normative standards are characterized as biases,
and the source of error.

2 Despite its publication date, this paper continues to be one of the best in-depth summaries of decision
research and its application to clinical practice available.



Claim #2: The classical approach and research on heuristics and biases do not adequately
characterize decision-making process. In this section, authors summarize philosophical and
empirical criticisms of rational approach models. The authors conclude that the ‘impoverished
situations presented to physicians in judgment studies may have no true analog in the world of
clinical medicine’ (pg 60).

Claim #3: Medical decision-making research and problem solving research employ distinct
theoretical and methodological approaches that draw on diverse research traditions to study the
same phenomena, resulting in substantially different conclusions.

Claim #4; Decision heuristics and biases often form the basis of robust reasoning strategies by
expert clinicians. Authors refer to ‘medical cognition’ as an overarching concept for studies of
cognitive process, including perception, comprehension, reasoning, decision-making and problem
solving in the health care domain. They note the guiding metaphor for decision research has been
rational choice among alternatives. In problem solving research, a key concept is search of the
problem space, in which the problem solver is seen as performing an operation to move toward a
solution or goal state (e.g. diagnosis, treatment plan). In the very detailed discussion provided,
authors describe several studies that suggest the importance of considering differences in level of
expertise (typically part of the problem solving paradigm) in understanding heuristics and biases.

Claim #5: Conceptual knowledge differs in important respects from procedural knowledge and
has a qualitatively distinct and predictable effect on decision practices. Authors note that
research in the problem-solving tradition indicates that as expertise develops, the clinician’s
knowledge of disease process becomes more depending on clinical experience and is increasingly
guided by examples and analogies, rather than a functional understanding of the system in question.
Understanding of basic science plays a role in reasoning about complex problems, generating
explanations and justifications for decisions.

Claim #6: Decision making in ‘real world’ situations imposes unique demands (e.g. time pressure,
stress, ambiguity) on the decision process and these demands are not adequately captured in
most laboratory decision studies.

Claim #7: Decision making in realistic settings is often characterized by period assessment of a
single option rather than evaluation of a fixed set of alternatives. Systematic weighing of discrete
pieces of evidence is the exception rather than the rule.

Claim #8: Decisions in high stress situations necessitate immediate response behavior and
perceptual cues may play a more prominent role in the decision process.

Claim #9: Team decision-making is characterized by emergent properties that cannot capture by
merely studying individual decision makers. Authors describe several studies that provide
descriptive accounts of team decision making in ICU settings and suggest that the team’s decision
making involves: a) management of multiple information streams; b) communication and
coordination among individuals and across different data sources. They further suggest that the
communication space constitutes the bulk of the information transaction and clinicians time.



e Claim #10: Technologies mediate the decision making process in distinct and often
counterintuitive ways that can produce unintended consequences.

Claim #11: Decision technology does not merely facilitate or augment decision making rather it
reorganizes decision making practices. Authors conclude that technology that directly supports
communication among clinicians should greatly improve how organizations acquire, present, and use
information.

Relevance for CCS: This review shows the complexity of examining decision making in the clinical setting.
Normative decision research is extensive and well-replicated but of limited utility to understand how
decisions are made, how to better supports them, and how to measure/evaluate them. Naturalistic and
problem solving paradigms are more useful, in part because they take into account 1) individual different in

cognitive process as a function of level of expertise, 2) the role of contextual factors (time pressure,
uncertainty); 3) importance of acknowledging the individual decisions are embedded in the
communication/coordination of the clinical team 4) role of technology in mediating and shaping decision
processes.

Patterson, E. S., Ebright, P. R., & Saleem, J. J. (2011). Investigating stacking: How do registered nurses
prioritize their activities in real-time? International Journal of Industrial Ergonomics, 41(4), 389-393.

Summary: Qualitative study sought to describe how nurses organize and prioritize the myriad tasks required
to care for hospitalized patients, and the sorts of replanning and reprioritization required in real-time acute-
care settings. The authors employ the concept of “stacking” to describe how nurses at the bedside prioritize
one task over another, and advance a normative framework of task prioritization that encompasses a 7-level
hierarchy of nursing activities.

Methods: Study participants were 30 RNs representing a range of hospital-based clinical settings. Each
participant was observed for a 3-hour period in the work setting and then interviewed about their
prioritization decisions using semi-structured knowledge elicitation methods. Interviews were transcribed
and coded using 12 categories of tasks.

Findings: Based on coding of 422 prioritization decisions, findings suggest a 7-level hierarchy of prioritization
of nursing activities as follows (from highest to lowest)

e imminent clinical concerns

e high uncertainty activities

e significant, core clinical caregiving and managing pain,
e relationship management

e document, helping other, patient support

e system improvement, cleaning/preparing supplies

e person interactions/social activities (lowest priority). Among the most experienced nurse



Conclusions: Prioritization along this continuum allows nurses to manage and group activities. However,
uncertainty can interfere with efficient management and reprioritization, increase workload and inefficiency,
and fatigue (distance walked).

Relevance for CCS: Reducing uncertainty allows nurses to work more efficiently and provide optimal patient

care, by allowing them to plan and prioritize their tasks.

Pickering B.W., Gajic 0., Ahmed, A., Hersevich V. & Keegan M. T. (2013). Data utilization for medical
decision making at the time of patient admission to ICU. Critical Care Medicine Vol 41,#6, 1502 — 1506.

Summary: Study examined the extent to which information overload in electronic medical record (EMR)
might hinder providers’ abilities to identify important clinical data and in doing so contribute to medical
error. Study objective was to identify clinical information needs of ICU physicians, as compared to
information provided by EMRs. Authors suggest “the workload associated with the extraction of data from
an environment equipped with a comprehensive EMR is large and can be associated with errors of
cognition.” (pg 1503). Authors identify periods of care that are particularly prone to error, including patient
admission, handoff, and discharge where failure to pass along information may lead to patient harm.

Method: Findings are based on observations of ICU admissions conducted between 2008 — 2012 in three
ICUs at a single academic health care center equipped with a comprehensive EMR. Admitting teams
consisted of an attending physician, a senior and a junior resident. Data elements and categories of
information used during initial diagnosis and admission for specific patients were captured using a
guestionnaire, which was completed within three hours of admission. The EMRs of those patients were
examined and the total amount of clinical data available was calculated for pre-selected categories (e.g. vitals
signs, medications, lab results). Outcome measures included the clinical information clinicians reported
using and the total information available to them for each patient, for each of the pre-selected information
categories.

Findings: Findings indicate that physicians use only a small number of available clinical information
categories as they make diagnostic and treatment decisions of patients recently admitted to the ICU. Despite
the vast array of information available through the EMR, the median number of concepts used by any
provider during the admissions process was 11, (6 — 16).

Conclusions: EMRs contain an abundance of infrequently used or never-used data, raising the possibility
that EMRs present a great deal of information to physicians that they neither want nor use. The
overabundance of clinical data may be distracting or overwhelming clinicians. Authors further suggest that
study findings are consistent with other research indicating the negative impact of EMRs on physicians’
abilities to find the appropriate clinical information with which to make time-critical medical decisions. This
study and other research cited indicate the need for clinical information management strategies that allow
access to infrequently used information, and prioritize display of commonly-used information categories.
“Most evidence would suggest that the development of parsimonious views of clinical data, based on user
information needs, has the potential to reduce information overload and improve provider performance” (pg
1506).



Relevance for CCS: Findings from the study align closely with findings from the CCS CTA and
recommendations from Year one. Since the study uses different methodology to arrive at the same set of
conclusions, it provides strong confirmatory evidence of the validity of CCS findings, and the value of the
overarching design approach the team was taken.

Wright, M. C., Taekman, J. M., & Endsley, M. R. (2004). Objective measures of situation awareness in a
simulated medical environment.Quality and Safety in Health Care, 13(suppl 1), i65-i71.

Summary: Article addresses the need for objective measures of performance (including cognitive
performance) that can be used to evaluate the skills and training of individual and teams of clinical
practitioners, and to evaluate the impact of new processes, technology, and equipment. The authors
describe the importance of situation awareness (SA) to decision making and performance in dynamic
environments and, discuss the procedures required to develop objective measures of SA.

Method: focused review

Findings:

o Available assessment instruments include direct and indirect measures of performance, mental
workload measures, and analytic measures of specific aspects of performance (e.g. communication).
Examples include:

o Direct performance measures typically involve a “score” e.g. time on task, error rate, degree
or error (deviation from a defined path). Maybe difficult to define in the medical arena
because there may be many possible solutions to a particular problem. Examples from prior
research with medical simulators include: success/failure at a given task or scenario; time to
identify a problem or adverse events that has been pre-programmed; errors; time to
detection of a problem or diagnosis; task completion time.

o Indirect performance measures typically involve subjective judgments e.g. self-ratings or
observer ratings. Cites research by Gaba that observer ratings of behavior, including
cognitive components such as decision making or team communication skill is considerably
more difficult (and less reliable) than for motor skills or technical performance.

o Mental workload measures include subjective ratings of workload, secondary task measures
(ability to perform a secondary task implies lower workload) and physiologic measures

o Task analytic measures include time and motion studies, time spent on subtask components,
analysis of communications

o Offers a simplified definition of SA as an internal mental model of the current state of an individual’s
environment, along with Endsley’s formal definition, which breaks the construct into three levels
(perception, comprehension, projection into the future).

e Endsley distinguishes SA from decision making and performance but asserts that it is an essential
component of dynamic decision making such that improved SA results in improved decision making.



e Subjective ratings of SA may reflect participants’ confidence in their SA ( accurate or not) rather than
providing a true measure of their SA

e Authors introduce and describe the situation awareness global assessment technique (SAGAT); they
suggest that SAGAT has not been widely used in real-world medical environments and applications,
though it may be useful in simulated medical environments. They cite one study that indicates
limited utility of SAGAT in evaluation of SA in medical environments.

e Authors provide very detailed description and explanation of the technique for developing a task (or
domain) specific SAGAT. The technique appears to have many uses but is extremely resource
intensive to develop the array of materials and knowledge documents it requires.

e Authors note the importance of assessing team SA in complex decision environments.

Conclusions: Future research is necessary to establish the SA requirements for a variety of medical tasks,
roles, and teams. Authors suggest that SAGAT may be a valuable tool for doing that.

Relevance for CCS: Situation awareness is a key component for understanding decision making in real-world

settings. The approaches described in this paper are promising but not fully developed as measures.
However there may be concepts or sub-elements that could be helpful in developing measures for use in the
CCs evaluation.



Appendix AA. Initial Requirements Analysis

Based on the synthesis and integration of findings, the team developed an initial set of system requirements for CCS using the following framework:

e What is the barrier or challenge the clinical team faces?
e What does the clinical team need/require to overcome that challenge?

e  What system or display features could help address that challenge?

e 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 impact 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

e Need to determine optimal timing and
sequence of activities

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

o Means to share the plan

e Means to adapt the plan in real time and
share changes across the team.

e Bedside nurse needs to shift the goals and
priorities

e Means to know how changes in orders
affect/change planned activities

e Means to know what planned events are
and who needs to be there

e Visualization of patient schedule for shift
(patient x time), shareable across team

o Ability to sequence or overlap patient care
activities

e Configurable patient groupings

e Prepackaged text to indicate changes to
schedule (e.g., there’s a %s-hour delay in PT)

e Sequence, time of planned activities

e Provide reason for delay, and remedy (using pre-
packaged text)

e Overview through time, for unit management

e Visually connect interdependent events

e Prompt/notify appropriate person when change
impacts their activity (e.g., when wound care

e Patients get needed
care with fewer delays

e Efficient use of staff
time

e Reduces unmet
treatment plans and
intentions

e Supports replanning —
helps staff identify
windows of opportunity




Problem/Barrier

Needs/Requirements

System Feature Concepts

Anticipated Impacts

coupled

No efficient
communication of
patient status change
across disciplines

e Practitioners need to understand what’s
going on with their group of patients across
the shift (whatever their group happens to
be)

impacts PT/OT and RT)

Updated information
is available but not
readily accessible or
visible to clinicians
(e.g., cultures)

o C(Clinicians need to be aware that updated
information is available, particularly re: lab
cultures

e System provides news feed from lab about
cultures.

e Red/amber/green about status of labs (received
or not; in progress; completed)

e Fewer care delays

e More efficient tracking
and follow up

e Better use of staff time

e Less reliance on verbal
exchanges




Problem/Barrier

Needs/Requirements

System Feature Concepts

Anticipated Impacts

Orders late, missing,
or overtaken/replaced
by other orders

Reliance on verbal
orders and no
standardized way to
share orders

o Need efficient, accurate way to specify
meds, procedures

e Physicians need access to orders from
Charge Nurse’s checklist

e Physicians need prompts to enter orders

e Need indicator of status of order entry (has
it been placed or not?)

e Need indicator of status of order (in process,
completed)

e Physicians need to be aware when entering
order that it’s the same as or different from
previously entered orders

e Changes to orders need to be disseminated
to wider team so that team has common
ground. Changes in orders need to be
apparent to whole team

e Order pick list and window per patient to
support real-time order entry during rounds

e Order status (have orders been received?
Completed?)

e Notify others if needed (e.g., infections control)

e Provide prompt for delayed order entry (based
on programmable timing tripwire)

o Display the information required to make
decisions about an order available with the
order (the relevant parameters)

e Provide molar/aggregated view of delays for a
given patient

o System will track (and possibly highlight) when
an order has been changed.

e System will provide timestamp for orders

e Fewer care delays

e More efficient order
entry and tracking

e Better use of staff time
—reduced need for
repeated follow-ups

e Reduced reliance verbal
orders




Problem/Barrier

Needs/Requirements

System Feature Concepts

Anticipated Impacts

Documentation
requires significant
time from key
members of the
clinical team (RNs,
Residents, RTs etc.)
and is often
redundant

e Information Management tools and

processes built around efficient use of staff
time and effort

e Minimize staff time required to capture
information by reducing redundant
information gathering and entry

e Minimize staff time spent as the ‘system
integrators’ who move data from one
system to another

e Need ‘user-friendly’ interfaces/systems

e System built on a relational database that has all
the information relevant to a given patient, so
that there is true interoperability: ability of
separate systems to cross-populate data, in real
time

e System supports capturing and displaying time-
based, patient-based, unit-based data

e Interfaces support simple data entry and pulling
information (faster, more efficient
documentation; errors/disconnects more easily
spotted)

o System’s ability to recognize ‘repetition” when
new documentation is introduced (e.g., ‘we
already capture that data over here’)

e System features that scan new documentation
requirements for novel
information/redundancies (don’t just add more)

e Decreased time spent
entering, moving,
repeating, re-entering,
data

e More time with
patients; increased
ability to attend to
patient issues and needs

e Decrease cognitive
workload

e Decrease in potential
data entry errors
(repeated entry of same
data increases chance
for error)




Problem/Barrier

Needs/Requirements

System Feature Concepts

Anticipated Impacts

Lags in information
updates means
information in system
is sometimes
stale/inaccurate

e Means to indicate if patient is highly
unstable (because information for unstable
patients can become inaccurate in short
timeframe)

e Means to know whether information in
system is up-to-date (e.g., is this an accurate
reflection of the patient’s status right now?)

e Means to know whether orders are in
process but results not entered into system
yet (e.g., cultures, lab results)

e Means to know recency of information
updates

e Means to capture and disseminate changes
to orders that occur verbally within sub-
teams

e Information should be time stamped
(Q: which information in particular?)

e System should highlight recent results—e.g., lab
results, cultures. And also highlight orders that
are in process

e System should highlight/provide alert when
orders are changed

e System should highlight/alert staff to
contraindications (e.g., patient positioning,
nutrition)

e Optimized patient care

e Better use of staff time
—reduced need for
repeated follow-ups

e Reduced reliance verbal
orders

e Reduced potential for
error

Trends are important
information, but can’t
get them from
Essentris or other IT.

No ability to keep
track of patient status
over time >

24 hours.

e Clinicians need trend information

o Need view of patient that is more than just
this shift. Both macro level view of
indicators and over longer time spans

e System should display trend information for key
parameters (to be identified by clinical staff)

e System should provide trend information over
different time slices

e Provide access to views of patient beyond
current 12 or 24 hours

e Optimized patient care

¢ Increased ability to spot
changes in patient
status, intervene more
quickly

What clinical staff are
currently on the unit?

e Need to know who is available, and where
to find them

o Need access to nurse assignments by shift,
by patient

e Means to access assistance, guidance,
decision makers

o Names of who is working on unit that day, with
patient assignments by room

e (Call/staff assignment roster

e Shareable across disciplines

e Map view of floor and display showing location
of staff.

o Allows staff to readily
know who is available
so they do not spend
time away from patient
trying to locate staff

o More efficient




Problem/Barrier

Needs/Requirements

System Feature Concepts

Anticipated Impacts

e Need to know which specialty is assigned to
each patient (e.g., RT) and patient acuity

Text paging/pre-populated messages
ID with RFI tag

communication
e Mitigates care delays
e (Can get help whenitis
needed

Is patient ready for
upcoming surgical
procedure

e Need means to know whether patient is
prepared for procedure (have they gotten
blood products, antibiotics, consent,
pregnancy test)

e Provide roster of needed items
(e.g., blood, antibiotics) and indication of
whether those items have been satisfied

Prevent delay in
procedures

OR RN does not know
enough about
upcoming procedure

to prepare surgical
suite properly

Bedside RN does not
know enough about
surgery as it is being
performed to prepare
properly for patient’s
return

e OR nurse needs procedure specific
description (need to know more about
specific information needs)

e Bedside Nurse needs means to know what
to expect re patient needs following
procedure (e.g., what was worked on, how
much blood given or lost, sedation?)

e Provide information about intended procedure
e  Provide information about surgery in process
and patient status

¢ Nursing staff better
prepared to care for
specific patient needs
at earliest opportunity

Rounding Checklist
not readily
available/accessible to
all members of clinical
team

e Means to construct checklist in real time
(during Rounds) or immediately after

e Means to post checklist so all staff have
ready/easy access

e Means for staff to ‘check off’ completed
items, makes notes re: hold ups,
changes/revisions

e Means for incomplete items to ‘roll over’ to

e Checklist needs to interact with order and other
clinical systems

e Unit level view that is easy to access and track

e “Roll up” function: ability to look across
patients/shifts/types of activities to examine
when there are particular activities consistently
missed/delayed; or care for a particular patient
consistently delayed

e Fewer care delays

e More efficient order
entry and tracking

e Better use of staff time

e Reflect on/improve on
checklist performance

e Potential unintended
consequence:




Problem/Barrier

Needs/Requirements

System Feature Concepts

Anticipated Impacts

Impact of dropped
tasks, gaps, and lapses
not known or tracked

Checklist management
is unclear
(responsibility for
making sure items are
completed is unclear).

populate next day’s check list and to be
reviewed at next-day Rounds

e System supports task tripwires (e.g., timing).
Ability to recognize disconnects between orders
and implementation (e.g., order entered, but not
reviewed)

e Provides alerting function when tripwire is
crossed

e Tripwires are definable by the staff

alarm/alert fatigue

Reliance on clinician
to mentally integrate
data

e Clinicians need a holistic/macro-view of the
patient’s trajectory (e.g., are they getting
better or getting worse over last 24 hrs.?)

e Provide trend data and key indicators (e.g., for
each of the main bodily systems)

e Trends on vitals, wound healing, medication
dosing, infections

Clinician better able to
focus on problem
detection, anticipate
need for changes in
treatment plans,
optimize decision
making around patient
care




Appendix AB. Usability Memo and Slide Enclosures

HRH APPLIED RESEARCH ASSOCIATES, INC.

30 January 2016

From: Christopher Nemeth, PhD

To: LTC Jeremy Pamplin, MD
Cc: Maria Serio-Melvin, MSRN

Subj:  Summary of Qualitative Data Findings from November Usability Assessment

Encl: (1) Ratings Analysis
(2) Priorities and Recommendations for CCS System Revisions
(3) CCS Usability Assessment-Qualitative Data Analysis-Rating Responses
(4) CCS Usability Assessment-Qualitative Data Analysis-Open-Ended Question Responses

5 The CSD team recently analyzed data from the 2-5 November 2015 usability assessments of the
CCS. We collected data from 42 BICU clinicians as they performed two clinically-relevant scenarios.
Enclosures (1) through (4) provide details to support the following summary findings.

2. Process

The user study was focused on gathering data regarding our prototype CCS system in terms of interface
design, functions, and usability. We were interested to learn:
= How usable is the CCS system in terms of ease of use, interface, perceived efficiency, and
supporting cognitive work?
* How usable is it compared to the legacy system?
The system was evaluated for performing tasks in two clinically relevant BICU scenarios: a new
admission and preparing for surgery.

Two types of qualitative data were collected: usability ratings and responses to open-ended
questions. In the first, users rated the usability of the CCS system on several dimensions after
completing each scenario, then compared the CCS to their own experience with the legacy system.
Details from the rating analyses are found in the tables in Enclosures (1) and (3). Second, qualitative
data analyses are based on participants’ responses to open-ended questions posed after each scenario
(i.e., “Were there aspects of CCS you found difficult or challenging to use? Was there any information
you needed for this scenario but were unable to find?”) and at end of the session after rating scales had
been administered (“What aspects of the CCS Interface did you find particularly useful? Would a system
like this be easily adopted?”). Responses were coded using 36 categories of system features and patient
data. Enclosure (1) includes details of the coding scheme and findings from the qualitative analysis.
Finally, based on the open ended questions, a set of recommendations for changes to the CCS system
are described.
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3. Key Findings

a.

Based on the rating analysis, Nurses found it took more effort to get the information they needed
than Physicians did in the surgery preparation scenario, but there was no difference in perceived
effort for the new admission scenario.

. Overall, users rated the CCS system as good as or better than the legacy system on several

usability dimensions (Enclosure (1), Table 4).

. The responses to open-ended questions align well with the rating results, and provide additional

detail.

. In general, participants were positive about the CCS and liked the way in which information is

presented. When asked whether CCS would be easily adopted, over 80% of participants in each
clinical role responded affirmatively (83% PHYs, 85% RNs, 90% RTs)

e. The qualitative data suggest that there are differences among clinical providers according to

whether they found particular aspects of the system difficult to use, and what aspects of the

system were particularly useful. Physicians were more positive about the system than were RNs

or RTs.

1) A majority of physician participants (83%) found the information presentation (layout/look &
feel/navigation) particularly useful, while only 25% of RNs and 50% of RTs did.

2) RNs noted the ‘snapshot’ view of the patient as useful (30%) more than did physicians (8%) or
RTs (0%); physicians noted the trend data as useful (42%) more than did RNs (25%) or RTs
(20%).

f. The data also provide insight into aspects of the system that participants found challenging.

1) The most frequently cited challenge was the presentation of patient-specific information
(Identified as challenging by 25% of PHYs, 45% of RNs and 38% of RTs after Scenario 1 and 50%
of PHYs, 45% of RNs and 33% of RT’s after Scenario 2.)

2) Participants in all roles occasionally reported that they needed patient information for the
scenarios but were unable to find what they needed.

3. Improvement Opportunities

One of the purposes of the November Usability Assessment was to identify system features for revisions
in advance of the Validation Assessment scheduled for Spring 2016. We performed a separate analysis
of the qualitative data for that specific purpose. We combined data across scenarios and rank-ordered
system features and patient-specific data elements according to how frequently they were mentioned.
We also looked at the participant’s comments for recommendations and suggestions for revision and
improvement. Those analyses can be found in Enclosure (2).

a. We forwarded Enclosure (2) to the software team on 12 December highlighting high priority items

and specifically mentioning the need to provide an average for ins/outs, develop a Vent and a Labs
tab, and reconsider the time scale controls.

b. Further priorities for system features included:

1) Reduce the amount of scrolling required to find information.

This could be accomplished by reducing the size of widgets as the information design prototype
illustrated, or possibly overlapping widget windows

2) Improve ways to make salient features more evident.

This will likely be improved by clinicians repositioning widgets on the layout to fit their own
preferences.
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3) Revise the time scale control at the top of the Patient View
Time representation was confusing for some participants. Some of that confusion could be
mitigated by users being more familiar with the CCS, but it will be helpful if we can identify ways
to make the feature more user-friendly and intuitive,
4) Revise graphical execution of the interface.
Some participants found the interface formats, colors, and font sizes difficult to see.
c. Priorities for Patient View.
Improve how ABGs, I/Os and Labs are organized and/or displayed. RNs want to be able to see all
Labs in one place rather than distributed among the various tabs. RTs had a similar response to
PEEP/VDR/Vent settings and data.

4. Please let me know if | can answer any questions about the November usability assessment data
analysis.

C Nl
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Enclosure (1)
Ratings Analysis
Study Aims/Background

The user study was focused on gathering data regarding our prototype CCS system in terms of interface
design, functions, and usability. Our specific questions were: How usable is the CCS system in terms of
ease of use, interface, perceived efficiency, and supporting cognitive work? Second, how usable is it
compared to the legacy system? The system was evaluated for doing two common BICU tasks or
scenarios: a new admission and preparing for surgery.

Methods

Participants. Forty-two BICU clinical staff used the CCS system in this user study and 41 provided the
ratings and open-ended responses described below. This included 11 physicians (Phy), 20 nurses (N) and
10 respiratory technicians (RT). Overall in this sample, 23% had less than 1 year of experience in the
BICU, 37% had 1-3 years, and 21% had more than 10 years. The breakdown of BICU years by Role is:

*  Nurse: 90% 7+ years, 50% had 10+ years in BICU

* Physicians: 53% had 7+ years, 31% had 4-6 years

* RT:50% 1-6 years, 50% 10+ years

Users’ years of experience with the legacy system (Essentris) ranged from less than 1 year to 10+ years
with a fairly even distribution across this sample. Years of experience were analyzed using a one-way
ANOVA and comparing results by Role (Physician, Nurse, and RT) and Years in BICU. There was no
statistically significant difference in the average number of years using the legacy system by Role,
F(2,41)=1.28, p=.28, or Years in the BICU, F(2, 41) = 2.13, p =.13.

Most clinicians (76%) reported being very comfortable with the legacy system. There was a main effect
of Role on ratings of comfort with the legacy system. Nurses (M = 6.3, SD = .7) rated themselves as more
comfortable than Physicians (M = 5.38, SD 1.5), while RT (M = 5.8, SD = .63) were in the middle.

Procedure. Users received 5 minutes of orientation/training to use the CCS system, and then
completed 1 or 2 scenarios based on their role. For the preparation for surgery scenario, the questions
were the same for Physicians and Nurses. There were four pieces of information to assess using the
system. For the new admission scenario, each role had a different set of questions (2-4 questions) to
answer using the system.

RESULTS

Users rated each system in terms of the effort it took to answer each question and interface design; the
ratings were not about how each question was answered.

In this section, the first research question focused on evaluating how usable is the CCS system. The data
reported below are the ratings of the overall usefulness on a few different dimensions. We compare
those by role for each information requirement. Then, we asked participants to rate the CCS usability
after both tasks. Finally, we report on data collected from each participant after both tasks and
compared ease of use to the legacy system.
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Scenario 1 Effort Ratings: Preparing for Surgery

Using a t-test analysis, we compared how much effort it took for participants to answer the following
questions: Is the patient’s hemodynamic status getting worse? Is the patient’s pulmonary status getting
worse? Is the patient’s volume status getting worse?

To answer questions about hemodynamic and patient’s volume status; Nurses reported that it took
more effort than Physicians. A MANOVA produced a marginally significant main effect of Role on effort
ratings of finding hemodynamic status, F(1, 30) = 4.03, p = .054, and statistically significant difference on
answering the question about the patient’s volume status, F(1, 30) = 4.87, p = .035 (Table 1). In both
cases, Nurses rated finding the information as more effortful than Physicians (see Figure 1). This is
consistent with qualitative analysis in which Nurses reported that the CCS was designed more for a
Physician perspective, than a Nurse.
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Figure 1. Scenario 1: Ratings of effort by question and role.

Examining Figure 1 further, there was some indication that it took more effort to answer the volume
question using the CCS system, than the pulmonary question. This could be that the information was
deeper in the system, or further down on the page on the screen.

Finally, we examined overall effort ratings by Role for the surgery preparation scenario. There were no
statistically significant differences between Physicians and Nurses on effort, though Nurses reported
slightly higher effort ratings (Table 1).

Table 1: Physician and Nurse Ratings Using CCS: Scenario 1 Preparing for Surgery

Question Mean SD
| am confident in my decision/recommendation. N: 5.2 1.3
(56.3% Agree/Strongly Agree) Ph: 5.7 1.1
The system was easy to use to make this decision. N: 4.7 1.7
(48.4% Agree/Strongly Agree) Ph:5.6 14
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Question Mean SD

The system enabled me to quickly find the information | needed. N: 4.9 1.8
(56.3% Agree/Strongly Agree) Ph: 5.7 1.4
It was straightforward to find the information | needed. N: 4.75 1.8
(53.1% Agree/Strongly Agree) Ph:5.33 1:37

Note: Subjective Ratings 1 (Strongly Disagree) to 7 (Strongly Agree)

Nurses found it took more effort to get the information they needed than Physicians did. The question
now is why? One possibility is that there was a system design fit and this early prototype was designed
from a Physician’s perspective, not that of a Nurse or RT. That can easily be rectified by adding role
specific views to the CCS. Alternatively, it could a system training difference in that maybe Physicians
spent more time training with the system than the Nurses (within that 5 minute window). Finally, it
might be the case that this difference in ratings for two of the information items is to be expected and
reflects the difficulty of the question for each role. Our qualitative analysis may unpack this.

Scenario 2 Effort Ratings: New Admission

In this scenario, Physicians, Nurses, and RT had different questions to answer. Therefore, there were no
analyses by question as in the surgery preparation scenario. Overall, there was a main effect of Role on
Easy to use ratings (Q2), F(1,39) = 3.5, p =.039, and straightforward to find information ratings (Q4),
F(1,39) = 4.24, p =.042. Examining the means, Physicians reported higher ratings than the other two
roles for both these questions. This effect is being driven by RT ratings being lower than the Physicians,
suggesting that RTs needed more time/effort to answer their questions based on the CCS interface
(Table 2).

Table 2: Physician and Nurse Ratings Using CCS: Scenario 2 New Admission

Question Mean SD
| am confident in my decision/recommendation. N: 5.85 0.67
(70% Agree/Strongly Agree) Ph: 6.10 0.73
RT: 5.7 0.76
The system was easy to use to make this decision. N: 5.60 1.2
(57.5% Agree/Strongly Agree) Ph: 6.10* 0.57
RT: 4.8 1.31
The system enabled me to quickly find the information | needed. N: 5.55 1.2
(52.5% Agree/Strongly Agree) Ph: 5.70 1.16
RT: 4.8 1.31.
It was straightforward to find the information | needed. N: 5.50 1.05
(55% Agree/Strongly Agree) Ph: 6.20* 0.92
RT: 4.9 1.37

Note: Subjective Ratings 1 (Strongly Disagree) to 7 (Strongly Agree)

Next, we analyzed whether there were differences across the scenarios in terms of overall effort by
scenario. The CCS would be used in a variety of situations. Therefore it is important to evaluate not just
each scenario, but a comparison of effort across the two Scenarios. This provides information about
whether the system works well in two different situations. We examined whether there were
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differences in perceived usefulness across the two scenarios. Comparing effort ratings from Scenario 1
and Scenario 2, on average participants’ ratings were slightly higher in Scenario 2 than Scenario 1. A
repeated measures ANOVA for Scenario 1 vs. 2 was significant for, Q4: Straightforward, F(1,28) = 4.67,
p =.039 and marginally significant for Q2: Easy to Use, F(1,28) = 3.9, p = .057, indicating that the New
Admission scenario was more straightforward and easy to use the CCS to accomplish, than the Prepping
for Surgery scenario. However, there was no statistically significant difference of Scenario on
Confidence, F(1,28) = 2.8, p = .102, or Quick to Find, F(1,28) = .95, p = .33.

Comparison overall CCS to Legacy

Ratings comparing CCS to the Legacy system in terms of ease of use are below and reported by
percentages. Overall participants agreed that the CCS system was as good, or better than the legacy
system on the following dimensions (Tables 3 and 4).

Table 3: Information Search Ratings Comparing the Legacy and CCS Systems

Legacy Better  Neutral Rating CCS Better

Question (Ratings 1-3) (4) Rating (5-7)

| can fmq the information I need in C(;S 24.4% 9.7% 65.9%
more quickly than | can using Essentris

| ca{1 find the inforrrlation | ne?d more 14.6% 19.5% 65.9%
easily than | can using Essentris
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Table 4: Usability Ratings Comparing the Legacy and CCS Systems

Legacy Better  Neutral Rating CCS Better

Question (Ratings 1-3) (4) Rating (5-7)
The CCS system is easier to use than Essentris 14.5% 19.% 66%
| would feel more confident making future clinical
decisions and recommendations using CCS than 19.5% 22% 58.5%

using Essentris

CCS supports the way | do my work better than

8 17.1% 19.5% 63.4%
Essentris

CONCLUSIONS

Overall, the CCS is a very promising solution. Clinicians with 5 minutes of training using the CCS system
were able to use it effectively. In fact, more than 60% of users rated it easier to use than the legacy
system. Across the two typical scenarios, BICU scenario, overall 50-68% feel the CCS is easier to use
than the legacy system. In each scenario, more than 50% had reported more confidence in their
decision, ease of use and, ease of finding the information compared the Legacy system. Physician and
nurse perspectives differed somewhat on preparing for surgery, but not for the second scenario, new
admission.
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Enclosure (2)
Priorities and Recommendations for CCS System Revisions

The following tables present findings from the analysis of qualitative data collected during the
November 2015 CCS Usability Assessment. We also provide recommendations/suggestions for possible
system revisions, based on participants’ feedback about the system. Tables 1 and 2 present findings
regarding the CCS interface. Tables 3 and 4 present findings regarding CCS presentation of patient data.

Table 1: CCS Features/Capabilities - Priority Rankings and Frequency of Instances (# people) by Role

RN Priority PHY Priority RT Priority

Highest Screens/windows/ | Formats - hard to Screens/windows/
scrolling see; confusing scrolling

Lowest Acronyms/labels Time Rep / Not Acronyms/labels

intuitive

Category RN Freq (# ppl) PHY Freq (# ppl) RT Freq (#ppl)

Acronyms/labels 2 (1 ppl) 2 (2 ppl) 1(1 ppl) 5

Screens/windows/ 10 (8 ppl) 3 (2 ppl) 4 (3 ppl) 17

scrolling

Formats - hard to see; 4 (4 ppl) 3 (3 ppl) 2 (2 ppl) 9

confusing

Time representation (D5) | 4 (4 ppl) 1 (1 ppl) 0 5

Not intuitive or user 3 (2 ppl) 1(1 ppl) 0 4

friendly (D6)

Table 2: CCS Features/Capabilities - Comments, Priority, and Recommendations/Suggestions

Category Example comments Priority  Recommendation
Acronyms/ | e “Spacing to make words and acronyms more Low e Clear spacing
labels clear and different.” (111Phy); e Toggle for meaning of
e “Didn’t know all the abbreviations. ? RT/Exp. acronym
<Solution: Toggle area to fall what that e Bold labels/headers
means>" (102Phy); e Check for any missing
e “Labels for info weren't bold, easy to see.” labels
(211RN);
e “Headers don’t pop out.” (211RN);
o “[lllegible] labels missing.” (103RT)
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Category Example comments Priority  Recommendation
Screens/ “too much scrolling” (202PHY); High e Reduce scrolling or
windows/ “Compress values to reduce scrolling” (202 need for scrolling
scrolling PHY); Make frequently used

“helpful to have lab trend but early on, not features more salient

avail.” (208 PHY); Lose element name

“Just not knowing what was going to come when scrolling (?) — fix

up.” (101RN); Note: we don’t believe

“Order of chart side-to-side should start with that compressing

current and go back in time.” (201 RN); values (as per one of

“Condition of unfamiliar with lay out, where to the comments) is a

look. Lot of info — distracting — not intuitive to good idea given

see logically, how to navigate — blinded.” (209 feedback about font,

RN); etc.

“Looking for more BMP labs — didn’t see them

first time — didn’t scroll down.” (105RN);

“No. Just the scrolling. Would like to see

norms and range on lab values. Or if there’s a

specific value we need to treat | want to see

that.” (110RN);

“...Difficult to find...” (220 RN);

“hard to find when you have to click in each

box.” (101 RN);

“Not but takes getting used to clicking when

you scroll down you have to scroll back up to

the top.” (109RN);

“Knowing where to find things. Some things

could be in multiple tabs e.g. weight is in

ENDO/GI.” (221 RN);

“once figured out scrolling” (117RT);

“The scrolling — where multiple boxes you lose

element name.” (103RT);

“Getting, navigating to resp.” (203RT)
Formats - “Immediately busy. Care Team doesn’t help. Med Use colors to make
hard to Bird’s Eye view — HR, PR, Vent not wound care elements/feature
see; orders.” (202PHY); salient
confusing “Resp. — pH oh graph with 1 data point, can't Contrast

tell if data is there.

Can't see single point in graph for ABG's.”
(119PHY);

“Work on the color a little bit — the trend lines
blend in; a little contrast in between the
different — tables and rows to see faster and
easier. All blends in.” (218PHY);

“ABGs - Hard to see trend on separate charts.”

ABG — make salient
trends on separate

charts

Indicate values that
are unavailable for

that patient (color?
shading?)
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Category

Example comments

(211RN);

Hitting the button (standard time) changes
everything. | didn’t notice right away. Could
cause errors if you’re looking at historical
data.” (107RN);

“Just coloring with Hgt/Hct graph but key
helped.” (205RN);

“Getting used to set up, V Exp — should have
seen something, couldn’t tell if it was
unavailable.” (113RT);

"Spread out vent settings.” (222RT)

Priority

Recommendation

Time
represen-
tation (D5)

“Click on last 24 or 48 hours. Contain [?] the
times would be better.” (102PHY);

“I don't know what the time is.” (213RN);

Can | change the time? | would look at a wider
span of time.” (215RN);

“Just the date thing (see previous questions).
Hitting the button (standard time) changes
everything. | didn’t notice right away. Could
cause errors if you’re looking at historical
data.” (107RN);

“Clicking on — hard to find when you have to
click in each box. Easier over time period.”
(101RN)

Med

e Make time
representation user
friendly

e Include ability to
select frequently used
time scales/span

e Make clock salient

Not
intuitive or
user
friendly
(D6)

“I/O grams — not intuitive, doesn't say where
at a given point.” (202PHY);

“Condition of unfamiliar with lay out, where to
look. Lot of info — distracting — not intuitive to
see logically, how to navigate — blinded.”
(209RN);

“Just confusing and hard to look for this stuff.”
[labs, electrolytes] (212RN);

“Learning curve to manipulate — not intuitive.”
(209RN)

Low

e |/Os

Misc.

“Not knowing where to find notes from
radiology.” (111PHY);

“No. org well. Confusion with Px detail box.
Not match scenario — “Hosp Day 55."” (211RN)

Low

e Notes from radiology
—is there a ‘notes’
section on the
interface?

e Patient detail box is
confusing.

e For validity test —
make sure patient
data matches scenario
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Table 3: Patient Information - Priority Rankings and Frequency of Mention by Role

Priority RN Priority PHY Priority RT Priority All Priority

LABS ABGs Vent LABS
HIGHER 1/0s 1/Os PEEPS/VDR 1/0s

ABGs Xray ABGs

HEM Labs/Lactate Vent settings/data

PEEPS/VDR PEEPS/VDR
LOWER BMP/Xray/ Vent/HEM/IV ABGs

Lactate
Category RN Freq Phy Freq RT Freq Total Freq
ABGs 4 7 1 12
1/0s 6 6 12
Labs 11 2 13
PEEPS/VDR 2 3 5
Vent settings/data 1 4 5
Lactate 1 2 3
LFTs 0
HEM 3 1 4
BMP1 1 1
Xray access 4 1 3 4
\% i q
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Table 4: Patient Information - Comments, Priority, and Recommendations/Suggestions

ABGs

Example comments

e | didn't like the way ABG written —
whole ABG not here. (PHY)

e Didn’t see ABGs, are they there? | didn’t
them...(N)

Priority
HIGH

Recommendation

Clarify with AISR.... Is ABG
data incomplete, or is it
something about the way
displayed?

1/0s

e |/Os. Simple question how much Ins and
Outs looks confusing. Can’t tell if last
hour versus total outputs. Hover over
the graph to see the hourly and total at
the end. Unclear what the net Ins and
Outs are. (N)

e /O not user friendly (N)

e |/O grams not intuitive (PHY)

HIGH

Need review by AISR... what
are specific changes needed
to fix confusion mentioned
here

Labs

e Lab —used to having them in a single
spot. Multiple clicks to diff areas —
compartmentalize it. I'm looking for all
the labs — including blood gasses which |
didn't see. (N)

e My entire nursing career been used to
looking at a single page with all the labs
in one place and this separates the lab
to each individual tab; probably
something trying to adjust to but not a
significant problem. (N)

e Would like to see norms and range on
lab values. Or if there’s a specific value
we need to treat | want to see that.

HIGH
(esp for
RNs)

Create LABS tab with all LABS
together? (for Validity test)

AISR: importance of norms
and ranges in the display? If
important, how to make
available?

PEEPS/VDR

o PEEP settings for VDR have 2 types. PIP
should be on summary tab. Pulse
Frequency on VDR not there. (RT)

e Need: Current VDR setting, Pulse
frequency, both PEEPs. (RT)

e PEEP settings for VDR 2 types.

PIP should be on summit.
Pulse frequency on VDR.

HIGH
(esp for
RT)

Create VENT tab with all
VENT/respiratory data in one
place?

Vent
settings/data

e The vent settings kind of spread out
compared to our current system where
there is one area for each type of vent
setting of a particular type of vent.
Spread out is harder to follow.

X-ray results weren't available. (RT)

e Need the vent settings, have no idea

what the settings (are) RT

HIGH (esp
for RT)

See above
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Example comments Priority Recommendation
e On vents — not shown, like | see MV
Total looks like code (PHY)

Lactate e Didn’t/couldn’t find LACTATE (PHY) Low Give participants a more in-
depth introduction to system
and more time to explore so
they have a better chance of
knowing how to find
information

HEM e Some of the info under Heme —all the Low Is this addressed with LABS

labs should be there. Or don't call it Tab (see above)
Heme. Because Heme you think BLOOD May need more info on what
— blood results. (N) about HEM is confusing
e HEM confusing (PHY)
BMP e Looking for more BMP labs — didn’t see Low Believe this is the same issues
them first time — didn’t scroll down. as addressed in “LABS Tab”
Didn’t see high/low values — norms above?
available.
e Looking for BMP — Saw BUN, Creatinine, Not clear what the issue is....
the chem should be more, maybe
nothing drawn. (N)
X-ray access | e |sthere a way to look at X-rays (RT) LOwW Still not feasible, correct?
e Would be nice to have X-ray (RT)
\% e Don’t know how it’s set up for IV drips — Low Is it feasible to display IV

would be nice to have the common
drips that showed there —if they aren’t
there maybe it means they were not on
it. If they were showing at least your
eye could follow them — maybe the top
three drips.(PHY)

drips as suggested by this
PHY-participant?

Enclosure (3)
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Research Questions

How usable is the CCS system?
+ Ease, Efficiency, Supporting work

How usable is CCS compared to the legacy system?

+ For doing two clinically relevant tasks: preparation for surgery, new
admission)
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{0 SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Methods

Usability assessment
Quantitative: task performance
Qualitative: subject perception
Interviewed and observed 41 system testers
using the CCS to do two everyday tasks
+ 5-minute orientation and exploration of the system
» Users completed two typical clinical scenarios using new system

- Scenario 1: Prepping for surgery
« Scenario 2: New admission

» Asked questions about effort, ease of use, etc.

Rubin, J. (1994). Handbook of Usability Testing. New York: John Wiley and Sons
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{ / SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Participants
Physicians  Nurses RTs
12* 20 10

BICU experience:
» 23% < 1vyear, 37% 1-3years 21% 10+ years
* Nurse 90% 7+ years, 50% had 10+ years
= Physicians: 53% had 7+, 31% had 4-6 years
* RT: 50% 1-6 years, 50% 10+ years

Years’ experience with legacy:
* Range: <1 to 10+ years, even distribution
= Comfort with legacy: 76% very comfortable

*One physician did not complete scenarios
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Scenario 1:
Preparing for Surgery
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Scenario 1:

How much effort to get information?
(1 - Low; 7 — High)

Question

Is the patient’s hemodynamic
status getting worse?

Is the patient’s pulmonary

status getting worse?

Is the patient’s volume status
getting worse?

* Independent t-test, p < .05  1(32)
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Scenario 1:
Effort Ratings by Role
1--Little Effort 7--Lots of Effort

7

mNurse
m Physician

Hemodynamic Pulmonary Volume
@ www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary’

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Post-Scenario 1:

Preparing for Surgery
1 — Strongly Disagree, 7 — Strongly Agree

| am confident in my decision/ N: 5.2 1.3
recommendation Ph: 57 1.1
(56.3% Agree/Strongly Agree)

The system was easy to use to make this 4 17
decision (48.4% Agr/SA) Ph: 5.6 1.1

The system enabled me to quickly find the [E\NEEe] 18
information | needed Ph: 5.7 1.4
(56.3% Agr/SA)

It was straightforward to find the N: 475 1.80
information | needed Ph: 5.33 137
(53.1 %Agr/SA)

@HRH DRAFT

" www.ara.com © 2015 Applied Research Associates, Inc. ARA Propristary
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Scenario 1 Rating Interpretation

Nurses found it took more effort to get the
information than Physicians

Why? May unpack in qualitative

This could be a system design fit or a system
training difference

§ " Www.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary 9
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Scenario 2
New Admission

@ I !n © 2015 Applied Research Associates, Inc. ARA Proprietary
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Post-Scenario 2:
New Admission
(1 — Strongly Disagree; 7 — Strongly Agree)

| am confident in my : 585 0.67
decision/recommendation - 6.10 0.73
(70% Agree/Strongly Agree) - 570 0.76
The system was easy to use to make this 560 1.20
decision . 6.10% 0.57
(57 .5%Agree/Strongly Agree) - 4.80 1.31
The system enabled me to quickly find the - B55 1.20
information | needed - 570 1.16
(52.5% Agree/Strongly Agree) - 4.80 1.31
It was straightforward to find the information | . 5.50 1.05
needed to make a decision/recommendation - 6.20% 0.92
(55% Agree/Strongly Agree) - 4.00 137
@ﬂvgﬂo:p < '05 © 2015 Applied Research Associates, Inc. ARA Proprietary DRAFT

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Scenario 2: Rating Findings

Overall differences by Position.

* Physicians found it easier to use and find information
than Nurses or RTs.

“ARA
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Overall
Post both Scenarios, and
Comparing to Legacy

“ARA
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

CCS-Essentris Comparison

Legacy Better  Neutral CCS Better
(Ratings 1-3) Rating Ratings
Question (4) (5-7)

| can find the information
| need in CCS more
quickly than | can using
Essentris.

| can find the information
| need in CCS more
easily than | can using
Essentris

“ARA
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CCS-Essentris Comparison (Contd...)

Legacy CCS Better
Better Ratings

Question (Ratings 1-3) (5-7)

The CCS system is easier
to use than Essentris 14.5% 19.5%

| would feel more confident

making future clinical

B 19.5% 22.0% 58.5%
recommendation using

CCS than using Essentris

66.0%

CCS supports the way | do

my work better than 17.1% 19.5% 63.4%
Essentris.

4 ARA
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Conclusions

After 5 minutes of using the system and across
two typical scenarios

* Qverall: 50-68% feel the CCS is easier to use the
legacy system

- 50% + in each scenario
« Confidence in decision
» Easy to use to make the decision
« Efficient to find information
» Easy to find information needed

» Physicians’ and Nurses’ perspectives differed
slightly

“ARA

" www.ara.com © 2015 Applied Research Associates, Inc. ARA Propristary



Enclosure (4)

Open Ended Question Responses

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

+ARA

www.ara.com

Open Ended Question
Responses

HEALTH SOLUTIONS

NATIONAL SECURITY ENERGY & ENVIRONMENT INFRASTRUCTURE

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Participants

= Physicians: 12
= Nurses: 20
= Respiratory Therapists: 10

@ © 2015 Applied Research Associates, Inc. ARA Proprietary 2
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Coding Structure: Open-ended Responses

Developed coding categories based on question and
response topics

Coded each participant’s response for Scenario 1, 2,
and Overall, based on coding categories
+ Allowed multiple codes to apply to a given participant
response

Reported within roles (RN, PH, RT) and across roles

% * www.ara.com ® 2015 Applied Research Associates, Inc. ARA Propristary

i SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Coding Structure: Open-ended Responses

Category: CCS difficult/didn’t work for me
= “Nothing”/’no”/NA/blank

* Patient Information (subcodes: ABGs, 1/Os, Labs,
PEEPS/VDRs, Vent settings/data, Lactate, SFTs, HEM
events, BMP, X-ray, IV, General (e.g., ‘| need more
data’); Other/miscellaneous

* Acronyms/labels/abbreviations

= Screens/windows/scrolling awkward/confusing
* Formats: hard to see, confusing

* Time representation

= Not intuitive/user friendly

* Other/miscellaneous

% " www.ara.com
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Coding Structure: Open-ended Responses

Category: CCS useful

= Nothing”/"no”/NA/blank

= Info presentation: setup/layout/look & feel, navigation
= Global View

= “Snapshot” of patient

= Trends

= Supports clinical decision making

= Supports teamwork™*

= Ability to see team members/roles™
= Tabs

= User-friendly (ease, efficiency)

= Other/miscellaneous

** neither scenario ‘called for’ these components, but because the system is designed to support them

@HRH we included them in the coding structure

" www.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Coding Structure: Open-ended Responses

Additional Codes
= System easy to adopt (yes/no)

= Familiarization (need/want more opportunity to
explore and interact )

= Comparative (stated preference for CCS vs.
Essentris)

= Not codable (text entry doesn’t make sense)

“ARA
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Open-ended Responses

Scenario 1 Questions

@ARA
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Scenario 1: Preparing for Surgery

A 69-year old male, 96.6 kg with 54% thermal burns to his face, neck, chest,
arms and legs, has just been admitted to the unit. He was sent from an
outside hospital. The ED team indicates the patient sustained injuries while
disposing of old gunpowder that ignited. The patient is hospital Day 4 and is
going to the operating room (OR) for his first excision and grafting
procedure. He is scheduled as the first case.

Set the calendar/clock icon with a start time of 03 Jan 2023 at 8:00 a.m.
(0800) and end time of 04 Jan 2023 at 6:00 a.m. (0600 hrs.).

Please use the available information to determine whether the patient is
ready for this procedure, tell us your recommendation/decision. Then, circle
your level of effort for each step on the response sheet.

+ Is the patient’'s hemodynamic status getting worse?
« Is the patient’s pulmonary status getting worse?

+ Is the patient’s volume status getting worse?

+ Is the patient’'s hemostasis status getting worse?

@ " www.ara.com ® 2015 Applied Research Associates, Inc. ARA Proprietary 8
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Q. Were there aspects you found difficult to use?

Category Ph(12) RN (20) Al (32)
"Nothing"/"No" 42% 30% 34%
Patient-specific info (e.g, ABGs, 110s, labs) 25% 45% 38%
Acronyms/labels 17% 5% 9%
Screens/windows/scrolling 8% 20% 16%
Formats - hard to see; confusing 8% 5% 6%
Time representation 0% 15% 9%
Not intuitive or user friendly 0% 10% 6%
Misc./Other 0% 15% 9%
Interested in familiarization 17% 35% 28%
©ARA,

SOLVING PROELEMS OF GLOBAL IMPORTANCE

Q. Was there any information you needed
for this scenario, but were unable to find?

Category Ph(12) RN (20) All (32)

No

Yes — patient-specific info (e.g.,
ABGs, I/Os, labs, etc.)

“ARA
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Open-ended Responses

Scenario 2 Questions

“ARA
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Scenario 2: New Admission - Nurse

A 69-year old male, 96.6 kg with 54% thermal burns to his face, neck, chest,
arms and legs, has just been admitted to the unit. He was sent from an
outside hospital. The ED team indicates the patient sustained injuries while
disposing of old gunpowder that ignited.

Set the calendar/clock icon, start time to 01 Jan 2023 at 10:00 a.m.
(1000 hrs.). Set the end time to 01 Jan 2023 at 10:00 p.m. (2200 hrs.) The
patient is 9 hours post burn.

Please use the available information to determine whether the patient is
ready for this procedure, tell us your recommendation/decision, and write
your decision or recommendation on the line next to the question when you
are ready.

* Based on the vital signs and I/Os, what do you recommend for fluids:
increase, decrease, or remain the same?

= Based on his glucose levels, do you recommend that he be started on an
insulin drip (Endotool)?

» Set the calendar/clock icon to a start time of 25 Feb 2023 at 0500 and end
time of 25 Feb 2023 at 1200. Based on the patient’s lab values, do you
think he should be started on CRRT?

“ARA
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Scenario 2: New Admission - Physician

The nurse calls you about a 69-year old male, 96.6 kg with 54% thermal
burns to his face, neck, chest, arms and legs for low urine output. The
patient is 9 hours post burn and 7 hours into his hospital admission. The
nurse just took over the care of the patient from another nurse who had to
leave urgently and is unable to answer most of your questions. You ask to
talk with the resident, but the Nurse says that he is downstairs in the ED
with another admission.
Set the calendar/clock icon, start time to 01 Jan 2023 at 10:00 a.m.
(1000 hrs.). Set the end time to 01 Jan 2023 at 7:30 p.m. (1930 hrs.).
Please use the available information, tell us your recommendation /
decision, and write your decision or recommendation on the line next to the
question when you are ready.
What do you want to do?
= 1-Change the IV fluid rate? If yes, what amount?
= 2-Add albumin or FFP? If yes, what amount?
= 3-Add high dose |V vitamin C?
= 4-Add CRRT? If yes, what prescription?
= 5-Add vasopressors?

“ARA
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Scenario 2: New Admission - RT

The patient is a 69-year old male, 96.6 kg with 54% thermal burns to his
face, neck, chest, arms and legs who was admitted to the BICU. The
patient is on Day 2 of his hospital stay.

Set the calendar/clock icon to a start time of 01 Jan 2023 at 2:00 p.m.
(1400 hrs.) and an end time of 02 Jan 2023 at 09:00 a.m. (0900 hrs.).

Please use the available information, tell us your recommendation, and
write your recommendation on the line next to the question when you are
ready.

Based on the bronchoscopy results and current vent settings:

= Do you recommend that the patient stay on the VDR or transition to
another ventilator?

= |f yes, describe your recommended changes to the ventilator or vent
settings?

AR
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Q. Were there aspects you found difficult to use?

Category Ph (12) RN (20) RT (9) All(41)
"Nothing"/"No" 25% 25% 11% 22%
:?gt;‘?’l‘;sse;ﬁ‘)’ T3 (B 218, 50%  45%  33%  44%
Acronyms/labels 0% 0% 0% 0%
Screens/windows/scrolling 17% 20% 33% 22%
Formats - hard to see; confusing 8% 10% 1% 10%
Time representation 0% 10% 0% 5%
Not intuitive or user friendly 8% 0% 0% 2%
Misc./Other 0% 5% 0% 2%
Interested in familiarization 17% 15% 11% 15%
@ARA .

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Q. Was there any information you needed for this
scenario, but were unable to find?

Category Ph(12) RN (20) RT (10) All (42)

No 50%

40% 38%

Yes — patient-specific info (e.g., 58% 30% 50% 43%

ABGs, I/Os, labs, etc.)

“ARA
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Detail for “Patient-specific information”

»

“Difficulf to use/couldn’t find” “Needed for this scenario

Info Type (# comments) (# comments)

RN Ph RT All RN  Ph RT All
ABGs 2 2 1 3
I/Os 2 1
Labs 6 6 1 1
PEEPS/VDR 0 2 5
Vent (settings/data) 2 2 1
Lactate 1 1 1 1
LFTs 0 0
HEM events 1 1 0
BMP 0 1 1
X-ray access 2 2 1 0
IV 0 1
Other/Misc. 0 1 3 1 5

@ n . General 2 1 3 1 DRAET
Www.ara.com R e e e 18
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Overall Questions

Post- Both Scenarios

@ * www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary
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Q. What aspects of the CCS interface did you find
particularly useful?

Category Ph(12) RN (20) RT (10) Al (42)
"Nothing"/"No"/NA/blank 0% 0%  10% 2%

Info Presentation - 0 0 0 0
setup/layout/look/feel/navigation 83% 25% o0% 48%

25% 20% 20% 21%

8% 30% 0% 17%

42% 25% 20% 29%

Supports clinical decision making 0% 0% 0% 0%
Supports teamwork 0% 5% 0% 2%
Ability to see team members/roles 0% 10% 0% 5%

Tabs 8% 15% 30% 17%
User-friendly (ease, efficiency) 33% 5% 10% 14%
Misc./Other 0% 30% 10% 17%

4 ARA DRAFT
" www.ara.com @ 2015 Applied Research Associates, Inc. ARA Proprietary
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Q. Were there aspects you found difficult to use?

Category Ph(12) RN (20) RT (10) All (42)
"Nothing"/"No" 42% 30%  30% 33%

Patient-specific info (e.g. ABGs, 8% 30% 30% 249
/Os, labs, etc.) ? ° ’ ?

Acronyms/labels 0% 5% 0% 2%
Screens/windows/scrolling 0% 10% 10% 7%
Formats - hard to see; confusing 8% 5% 10% 1%
Time representation 8% 0% 0% 2%
Not intuitive or user friendly 0% 5% 0% 2%

Misc./Other 17% 10% 0% 10%

“ARA
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Q. Would a system like this be easily adopted?

Category  Ph(12) RN (20) RT (10) Al (42)

Yes 83%

85% 90% 86%

No 17% 10% 10% 14%

“ARA
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Appendix AC. Trip Report to AISR Scientific Review Conference (Enclosure)
5-7 January 2016

From: Chris Nemeth, PhD
To: Tony Story, CDMRP

Subj:  Trip report: AISR Scientific Review Conference Jan 2016

Encl: (1) AISR Science Symposium: A Cooperative Communication System for the Advancement of Safe,
Effective, and Efficient Patient Care
(2) System Orientation
(3) Usability Assessment Facilitator Script
(4) System User Response Sheet

1. On 6 January, Dr. Nemeth visited AISR to give an invited presentation on the CCS to members of the
technical staff at their regular Science Symposium.

Along with Mr. Greg Rule, he used the opportunity to conduct a brief usability session with one member
of the clinical staff to provide a comparison using Essentris to perform the same scenarios as the
November CCS usability sessions. Enclosure (1) is the modified script and Enclosure (2) is the modified
response sheet used during the session. Results of the session will be included in the project final report,
along with results from the usability and validation assessments.

2. For further information, contact Dr. Nemeth at 937-825-0707, or cnemeth@ara.com.

C Nl



Enclosure (1)

Presentation to AISR Science Symposium: A Cooperative Communication System for the Advancement of
Safe, Effective, and Efficient Patient Care

[ L SOLVING PROBLEMS OF GLOBAL IMPORTANCE

4+ ARA

www.ara.com
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A Cooperative
Communication System
the Advancement f Safe,

: or

Christopher Nemeth, PhD
CAPT, USNR (ret.)

NATIONAL SECURITY ENERGY & ENVIRONMENT INFRASTRUCTURE HEALTH SOLUTIONS

( yzZ SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Overview

Project Team
Purpose
Methodology

Research Design
Cognitive Systems Engineering

Findings

Barriers
Requirements

Prototype
Evaluation
Next Steps
Summary

Photo: Department of Defense
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Project Team

=~ +ARA

Jeremy Pamplin, MD Chris Nemeth, PhD  Greg Rule, PE
Maria Serio-Melvin, RN Dawn Laufersweiler Dianne Hancock, RN

Sarah Murray, RN Anna Grome Josh Blomberg
Nicole Caldwell, RN Beth Crandall Tony Hamilton
_Kevin Chung, MD Beth Veinott, PhD Chris Argenta
Elizabeth Mann-Salinas, PhD | j;5 papautsky, PhD Randy Frank
Jose Salinas, PhD Shilo Anders, PhD Charlie Fisher

Craig Fenrich Rob Strouse Kyle Foley

Bill Baker Cindy Dominguez, PhD Bill Parquet

Trant Batey Megan Beck
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Purpose

Hypothesis: The CCS support for BICU will improve clinician decision

making and communication by making patient care more efficient,
effective, and less prone to adverse outcomes and misadventures.

Aims: Clinical decision and communication support tool that provides:

* Improved clinician decision making, through presentation of salient
patient data, and machine learning and communication support

+  More efficient, reliable individual and team cognitive work resulting
in improved patient outcomes (e.g., reduced length of stay)

@ © 2015 Applied Research Associates, Inc. ARA Proprietary
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Methodology Cognitive Systems Engineering

complex tasks

« Identify team

structure and
communication

P Knowledge Analysis and
e p <
*+ Understand the
domain, tasks, * Use CTA + Decompose data
Gers methods to into discrete
understand elements
* Identify critical decisions
cognitively + Identify user

decision
requirements

« Identify the
central issues

Application
Design

+ Build prototype

systems and
processes

* Transition

decision
requirements
into design
concepts

* Determine how

Evaluation

* Determine which
metrics would
best measure
performance

* Test whether
system supports
user

* Recommend
redesigns to

and themes to best support provide greater
user decision support
making
Domain - . .
Understanding | Key Decisions | | Leverage Points Design Concepts Impact Estimate
CCS Phase | CCS Phase Il and Il

§ * www.ara.com
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© 2015 Applied Research Associates, Inc. ARA Proprietary

Methodology Research Design

Year One

.

Literature Review

Observation: Five week-long visits to the BICU

Structured Interviews: Typically 15-20 per visit

Artifact Analysis: Collection, de-identification, and analysis of

information sources

Thematic Analysis: Detection of patterns among and across

data elements

Participatory design: Collaboration among ARA and AISR team
members to create interface concepts complementary to BICU

work practice and culture

@ " www.ara.com
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Methodology Research Design

Year Two

+ Validation interviews: Review of representations with clinicians to
confirm, adjust, and enrich findings (lterative development)

« Survey: Research nurse data collection to answer focused
questions, such as requirements priorities

* Rapid prototyping: Development of interface design based on
Year One data

+ Agile prototyping: Initial software development, including initial
machine learning concepts (e.g., similar patients)

g " www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary

/i Y SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Methodology Research Design

Year Three

= Agile Prototyping: Comprehensive software development,
including machine learning (e.g., similar patients, trends)

« Usability Assessment: Determination of CCS suitability for
individual decision making, compared with current IT

+ Validation Assessment: Determination of CCS suitability for team
decision making, compared with current IT

“ARA
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Data Collection, Analysis

Data Collection Data Analysis

Site Visit #1
Initial review & identify emerging themes
Site Visit #2

Site Visit #3 g

Systematic review & coding

A Analysis of:

N AN

S  Cognitive work

7\ Barriers &
challenges

A
Artifacts

Review & Interpretation

Synthesis & integration

Site Visit #4 Develop initial requirements
(Validate with clinicians)

Design Workshop

Storyboard development

" www.ara.com © 2015 Applied Research Associates, Inc. ARA Propriefary
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Review, Emergent Themes

Example Data Excerpts Theme

Surgeon and resident talk among themselves, and residents
sometimes put in critical orders (e.g. blood). As a nurse | Information
don'’t know this until | log in and see the note (bedside nurse) discontinuity

When the Attending changes from week to week, you may
find plans reversed from week to week. You end up with a
yo-yo effect in the care that is frustrating.. .. (intensivist)

it is a little tricky to align my goals with staff, which may vary
from staff to staff (intensivist)

We have 6 or 8 people working on the problem in their lane. Give Lo
it a little time to simmer and then we all come together and sort Negotlatlo
of talk about it. (Head nurse) n

A lot of times with physician orders, there can be multiple
consultants, plus attendings that make orders that are
contraindicated. If that occurs [ will bring it up to the fellow...
(LVN)

“ARA
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Analysis Systematic Review and Coding

CCS - Understanding BICU =3

Users: 3 a | Tide Added | user #Ec | Lench
Resources: 72 22 13y 2013 Obsenabon Teamsd-ockl| 070672012 | sandars 3 [CTE
Descriptsrs: 85 Bum _Imensiviat 10 December 2012doe | 0770872073 | asngers E 28208
Excerp=: 727 Bum_Surgeon_Doc § 2012 doce 07052013 | sandars " 20028
Tooe 38 (2| Clineal_Lizson soex w5201 | sansers s 18063
e Feiem) RN_Dec 10,000 72073 | sansers n e
2 RN December 2012 jpb.doc 0710512013 | sandors 2 12004
e 2| 04_March 2013 infendew_Assist Head | 07052013 | sanders o 22624
B 04_arch_2013_interdew_ch_s8h doc | a7t | sanders = 15208
askin
i 21| 05 march 2013 interviow g oz | 070572013 | sangsrs 5 |
@ iegbsiion 2 05 March_2013_interisw | 070572013 | sanders 5] 15729
@ Trackng sTaskng J Scheduing 06_March_2013_lnteniew_Resioenidoe | 07052013 | sangers 19 16674
& nioaton 28] 07 March 5017 Infeniew Rehan Dirdoc] 47055013 | czndare N aaa1
@ coordinaton
& Clariicaton ! confim
fiesoee. 23 _laly 2013 Interview_CliricollirseSpe Acioiw 0092043 orore  aanders #Coces 4
P — 3 communcalo resource whatwoukdfhoae be:
=& o deciaary cere. resource of e, ot or hin o be there.
@ Probem Cetecton o i b irproved. Lt things 3ad 35t aurss ot
g
Fenn 23_Jaly_ 2013 Interview ClinicalliurseSpe Acieiw 10092013 Uirar=  sanders cees 3
& Cocumeniaion Anciary service disconnects:
‘iﬁm G nirana g s ying evary e vou g0
o sources == varv stan tera & cin M6 NS 07341 RSS2 00 Va3 MOF NG CTE aANE. PR 6.1,
ot wons e
Fesoce 23 laly 2013 Intorview_ClivicallurseSpe “ciciw 10092013 Uircre  sanders ¢ Coce 2
@ @ecirers What chennek of 7o sxchinge most ubuient?
Communcston  the cnery
o £ 21 b ol of system ouch pints, when have moveen:of paten: s a siess poi, Gangerocs for paen: T
othr
L ez s 23_JU_2013 INtErview_ CINIGAINITS6Sne Aossaw 0N Uismeme  sanders 7o 1
@ scenns nat 50 18w nirses atrugge win?
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Example of a data record in Dedoose

Queston hou srgen i iffeentel o e s CU.

Lz,
AL pateats o JCU, When ot

s o s s U o
Ladtont ey o
e nfo looking for and & i
I fact that vou.
| [
Iﬂmmmmummwmm e 2 . AL e, St o

(L] £
[T

g sy sy

etsin

o

w 10 hosuta fy wis. reatmes, we opecatz 01 (§Cericain orim
who 212 ‘v e seemd in i i i
Wt e [r——

N = KT and e, 1 (Pncenleetin
o
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I e ool
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Analysis Review and Interpretation

Category: Procedural Drag

Title: 22_July 2013 Interview OR-RN.docx

Additionally, smetimes blood is not ardered early nough, and if we know there is gomng
10 be lots of bleeding, thea we will wait aad delay the case. ln icul
sitoation, the blood was notin the OR, the anesthesiologist had the patient ready; but the
decision was made to wait, o do &y incision and prafiing The blood bank was not as
quick as we wanted them to be. Usually the anesthesiologist ordere blood in Eseentris I
he patient in Jeast or gy we may need to note. | assume thet the majoriy of our patients
are likely to need blood. 1 will ask about bleod when [ check in Essentris in the moening
and it s not ordered. The nes tech or an OR runner will go gt blood in cooler then put it
ina fidge i the OR.

Title: 2May 2013 Nurse Burn interview transcriptdoc
‘sometimes the on call just doesn't see the smportance. Maybe they just want to go
through 1t real quick , but they are very busy and T understand fhat ICU patientsare sk,
soofien | think they overlosk these people that are doing wel, in their eyes and they just
‘want o throw over to 4E, but what they really need to do is review all those orders. And
T tuean, this s beem years. say years,before my time of being hired thatthey weee
‘arving issues with these on call residents. You know, where the ordars aren’t wriien
it for the trasferso ['m going to block the transfer. ' poing o say call on cal, hey:
Tneed this, this and this order fixed. And then they came down on us like a0, no you
can't be blocking transfers you kmow, but then my orders are imappropriate

Title: 21May 2013 Nurse_Burn_intprview_transcriptdoc

alsg whatbothers me from pharmacy is doing thet mapy medications in pixss.
Something that we are always good at because it 15 not 1n stock in our pixes then why
doa’t you send 1t the day before so that you can always have it m stock and ready to go.
SaTnend tn eall v ecane dav? dnd harass ian swen dav foe #? O chonld wan et
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What are the main
takeaways?

What cognitive
activities are the
individuals/or team
engaging in?

What challenges are
they facing?

What’s getting in the
way of them doing
their work?

What is getting in the way

of efficient, effective

patient care and team
coordination?




SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Develop Initial Requirements

Comprehensive Integrated View of Patient

Barrier Needs System Features Impact
Reliance on Clinicians need a System should provide trend Reduced clinician time
clinician to holistic/macro-view of data on key indicators (e g, for to locate data
- the patient's trajectory each of the main bodily
integrate data (are they getting better  systems) Reduced clinician time
or getting worse over to synthesize data
last 24 hrs?)
Reduced time to achieve
consensus among
clinicians
Lack of Minimize staff time spent System built on a Relational Reduced clinician time
interoperabilit as the ‘system database that has all the info spent enfering, moving,

integrators’ who move relevant to one patient, so that  repeating, reentering,

plamiond data from one systemto there is true interoperability: data.
systems another. ability of separate systems fo
(addressed in info cross- populate data, in real Increased time with
management category)  time patients; increased
ability to attend to
patient issues and
needs
Decrease cognitive
workload
@ ﬁvgﬂom © 2015 Applied Research Associates, Inc. ARA Proprietary 15
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Analysis to Representation
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SOLVING PROBLEMS OF GLOBAL IMPORTANCE

CSE Using Genotypes

Phenotype: Clinicians talk among each other,

spend a good deal of time writing at terminals
Work-around

\

Genotype: — Barrier: —> Requirement: ———> Features:

Disconnected No effective System shall Current patient status and
databases means to provide access fop-level assessment
synchronize to a plan of Goals and goal priorities
Source of and adapt patient care, Changes/updates, such as
brittleness  dijfferent aspects visible to all indication that plan is
of patient care care givers being updated when one
over the course responsible for caregiver is working on it
of a shift, across that patient Schedule of activities and
caregiver team. any changes, timeline
Source of Orders and their status
Blocks resilience Patient’s care team identity
synchronization and contact information
Facilitates
@ HRH synchronization
" www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary

Findings
Descriptive Model of Cognitive Work

Function Unit Activities Unit Tasks Unit
Members Perform Members Perform Members Perform

Reduce uncertainty
Manage ambiguity

Manage conflicting agendas
Manage communication

Clarification

Develop shared awareness of the Patient
Coordinatio Get and keep common ground
Manage the care plan and treatment goals

Coordinate resources
Synchronization —

Identify alignment, gaps/differences
Negotiation —| _(€:8- agendas)

Manage conflicting agendas
Manage communication

Anticipation—{ Forward thinking

“ARA

www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary
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Findings

Information Sources

Charge Nurse
Bedside nurse
Attending

Attending

[Point of care testing
Residents/imed students

’,

Al staff members —Cell phone

L Al
blood gas

Land line
phone

Email
on phone

Communications
\

\

\
\

r
and Paper \ Computer —|

\
Information
Sources

Fellow
Bedside nurse rterial
Respiratory therapist
Altending | | Computes
Bedside nurse Pelie
Operating Room staff signy
monitor
printout
Bedside nurse
Head Nurse [—Protocols
Residents/med students
Charge nurse Daily
Wound care team leader “wound
care plan /
Residents/med students Sign out |
sheet | PaPer
Charge Nurse | Charge
Bedside nurse Nurse
Residents/med students |  checklist

“ARA

" Www.ara.com
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it SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Findings

Patient health record Al staff members

| Residenis/med students

Outpatient health recard — Fellow
Aftending

| Residents/med students
Lab, radiology orders ‘1 Fellow
Attending

Blood glucose management — Bedside nurse

Murse scheduling —— ﬁ:z’ﬂ‘; g‘;’;e

Radiology images FR:”s;lientsimed students
Attending

Al staff mombers (during rounds)
Wound Flow [y el TeTere update
Bum resusciation
decision support

Bedside nurse

Dietician

Dietary program
Email Al staff members

Databases that
populate system

Problem: No effective means to synchronize and adapt different
aspects of patient care over the course of a shift, across caregiver team.

Requirement: System shall provide access to a plan of patient care,
visible to all caregivers responsible for that patient that includes:
+ Current patient status and top-level assessment;

+ Goals and priorities for those goals;

» Changes/updates (e.g., indicating that plan is being updated when

one caregiver is working on it);
» Schedule of activities and any changes, timeline;
« Orders and their status;
+ Identity and contact information for patient’s care team.

4 ARA

Www.ara.com

2015 Applied Research Associates, Inc. ARA Proprietary
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CCS Elements N

Machine S
learning

finds relevant

@ @ patterns
== o

Joint Cognitive

System includes Synthesizes,
patient, staff, care presents
providers, family & salient data

information sources u
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Prototype Unit View

Information Design

T [ e oD
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Prototype Patient View

Information Design

Software

= P B WG B WO e Mo W
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Prototype

RN N
e DO T T e G, oo [l i e T R Fess s W | St A Coprn | G ] oo 80 [ et () e

ccs

@ H https:/Mww.cesunite.com/unit/dT
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Prototype

Comparison with Essentris

| can find the information | need in CCS more quickly than | can using Essentris.

S —
24.4 9.7 659

| can find the information | need in CCS more easily than | can using Essentris
S —
146 195 659
The CCS system is easier to use than Essentris
[ N —
145 19.5 66
| would feel more confident making future clinical decisions
and recommendation using CCS than using Essentris
[ E—
19.5 22 58.5
CCS supports the way | do my work better than Essentris.
[ |

174 19.5 63.4

www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary
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Publications

Book chapter (1)
Journal paper (2)

Proceedings paper (2) Cognitive Systems
Abstract (8) Engineering in Health (u;e
Report (1) o ;

Ann M. Bisantz
Catherine M. Burns @9 <fCe,
Rollin J. Fairbanks

“ARA
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P
x
Benefits

Patient Safety. Successful implementation of the CCS in the clinical
environment has potential to reduce the incidence of medical
misadventures.

Patient care efficiency. Safety and effectiveness of patient care
can be increased by increasing the speed at which clinicians can
make accurate clinical decisions.

Patient care intensity. Clinicians provided more direct interaction
time with patients, by reducing the time burden to find, use needed
information.

Broad applicability. Can provide the same real time decision
support in clinical settings other than military facilities.

@ Wwww.ara.com ©2015 Applied Research Associates, Inc. ARA Proprietary

| ( SOLVING PROBLEMS OF GLOBAL IMPORTANCE )

Next Steps

Propose bridging project: TRL5 to TRL8
Conduct validation assessment
Complete prototype

Write final report

@HRH Photo: Department of D

www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary 28




SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Summary

Research: Cognitive Systems Engineering methods successfully
enabled the team to create an ecologically valid decision making and
communication support IT system. JPC-1, TATRC, CDMRP, and USAISR
support for publishing was a great help getting word to the professional
community.

Development: Coordination with USAISR to map data elements from the
Essentris healthcare record posed a challenge that the team needed to
manage constantly through Year Two into Year Three.

Administrative: Institutional Review Board and Defense Health
Information Technology security regulations posed challenges throughout
the project.

Transition: lterative development through the integration of end users to
establish early buy-in is critical for successful implementation.

“ARA

www.ara.com © 2015 Applied Research Associates, Inc. ARA Proprietary

SOLVING PROBLEMS OF GLOBAL IMPORTANCE

Your questions and
comments are welcome

Christopher Nemeth
chemeth@ara.com
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Enclosure (2)

Usability Assessment: System Orientation

System Overview: In space below document any question the user asked during the system overview
(insight into things that are not intuitive in the interface maybe)

Notes from User system training — what questions did they ask? What did we have to explain more (etc.)?

Next, what you have is up to 6 steps for each scenario by role (e.g., Nurse, Attending) broken down by steps
in each scenario. You will fill out a 1 page Step sheet for each step in each scenario for each user testing the
system. There are now two generic forms — 1 for Surgery and 1 for New Admission.

Scenario 1 for each Step, then three open ended questions on usability Scenario 1. Repeat Scenario 2.

Finally, three open ended questions at the end of the session about CCS overall.

Recommended Priorities of Note Taking:

1) What data element they search for. (1% in top row, 2", in 2" row, etc). Can use acronym table. Or
write out data element.
2) Observed Problems/Errors that they encounter. Shorthand terms. Feel free to refine or add to
these. Just make sure you both agree. These are based in part on what we saw last week.
a. Bad - can be a system error, not getting data one would expect (e.g., like the time range
from last week).
b. Diff — can be a data element that is not where the user expected.
c.
d.
3) Steps to get data element information — in general was it few (less than 5) or more 5 or greater. You
may want to change that rule based on what CCS was designed to do (e.g., 3 steps for the cutoff).

4) Timestamp — we start the clock at the beginning, then you just not the current time for each data
element if you can. If we can, it would be great to start the video and the room clock at the same
time so if you make a note about something we should really look at - that we have a general idea of
the time stamp. This might be hard to get and should be dropped.

5) Perceived difficulty — Observers rating of whether the user found the info easily or not. Just check
the box - did the find the data element — yes, yes with difficulty or no. This can be done for each
data element in real time if you can or at the end of each step - when the person is doing the effort
question at the end of each Step.

Scenario 1: Surgery Preparation (Same for Everyone)

Step 1: Is the patient’s hemodynamic status getting worse?



Step 2: Is the patient’s pulmonary status getting worse?
Step 3: Is the patient’s volume status getting worse?

Step 4: Is the patient’s hemostasis status getting worse?

Scenario 2: New Admission (Different depending on role)

3 steps for Nurses, 5 for Doctors, 2 for Respiratory Therapists

For Nurses: Expected: Heart Rate, Blood pressure especially
arterial MAP, Fluids-Albumin, LR, Urine output

Step 1: Based on the vital signs and 1/Os, what do you (UOP)]

recommend for fluids: increase, decrease, or remain the
same?

Step 2: Based on his glucose levels, do you recommend  Expected: Last 24 hours of insulin requirements
that he be started on an insulin drip (Endotool)? and blood glucose levels. (Subcutaneous insulin)

Step 3: Set the calendar/clock icon to a start time of 25
Feb 2023 at 0500 and end time of 25 Feb 2023 at 1200.
Based on the patient’s lab values, do you think he should
be started on CRRT?

Scenario: Prep for Surgery

Circle Role: Doctor Nurse RT Other:

Circle Step Number: 1 2 3 4

List Data Observed Errors/Problems Notes Num Steps | Success
Element &
Current Time 0=1-4
5=5&up
OFound
OFound w

diff




Time:

ODid not find

Time:

OFound

OFound w
diff

ODid not find

Time

OFound

OFound w
diff

ODid not find

Time:

OFound

OFound w
diff

ODid not find

Time:

OFound

OFound w
diff

ODid not find

Time:

OFound

OFound w
diff

ODid not find

OFound

OFound w
diff

ODid not find




Notes: Not tied to a particular data element




Scenario: New Admission

Circle Role: Doctor Nurse

RT Other:

Circle Step Number: 1 2

3

4

5

List Data
Element &

Current Time

Observed Errors/Problems

Notes

Num Steps

Success

0=1-4

steps

5=5&up

Time:

OFound

OFound w
diff

ODid not find

Time:

OFound

OFound w
diff

ODid not find

Time

OFound

OFound w
diff

ODid not find

Time:

OFound

OFound w
diff

ODid not find

OFound

OFound w
diff




Time:

ODid not find

Time:

OFound

OFound w
diff

ODid not find

OFound

OFound w
diff

ODid not find

Notes: Not tied to a particular data element

Post Surgery Scenario Open Ended Questions

1. Were there any aspects of the system you found difficult to use? If yes, what were they? What made
it difficult?

2. Was there any information you needed for this scenario, but were unable to find? If yes, what was
it?

3. Any other comments you would like to make at this point?




Post New Admission Scenario Open Ended Questions

1. Were there any aspects of the system you found difficult to use? If yes, what were they? What made it
difficult?

2. Was there any information you needed for this scenario, but were unable to find? If yes, what was
it?
3. Any other comments you would like to make at this point?

Post Both Scenario Questions about CCS in General

Post-Both Scenarios Questions (5 minutes)
Open-Ended:

1. What aspects of the interface did you find particularly useful?




2. If yes, which ones and how were they useful?



3. Were there aspects you found difficult to use?

4. If yes, which ones, and what made them difficult?

5. Would a system like this be easily adopted (or integrated into current workflow)? If so why? If not, why
not?

6. Are there any additional comments you’d like to share we haven’t discussed so far?




Enclosure (3)

Usability Assessment Facilitator Script 1 January 2016

I. Introduction and Orientation (5 minutes)

[Introduce self]
Thank you for your time and interest to evaluate this system.
We’re interested today to figure out what about the system works well and maybe not so well, to make it better.

We are interested in hearing your thoughts about whether it helps or impedes your work, and how it can better
meet your needs as a BICU team member.

None of what we do here will identify you as an individual. We’re not evaluating you, just the system

Consent
Thank you for indicating your consent on the sign in form. We won’t record you or use your name.

We’ve positioned this video camera to look over your shoulder will only see the screen as you use the system. Is
that ok with you?

We’d like to make an audio recording of this session to make sure our notes are accurate. Is that ok with you?
[If no: “We can still conduct the session and not record you. Is that okay?]

Please let us know if you’d like to stop at any time.

Overview of Session

We will start by asking you to complete a few general questions about your background on the response sheet.
We’ll also ask you to provide other responses on the sheet as we go along.

We will present you with a clinical scenario and ask you to use the system to perform certain tasks.

As you do, please say aloud whatever’s going through your mind. What you’re looking for, trying to do, or
having trouble with.

When you come to a decision or recommendation, please say it aloud, and note level of effort on the response
form

At the end, we’ll ask a few questions about your experience using the system.



Do you have any questions before we begin?

I1. Collect Background Information (2 minutes)
We’d like to start by gathering some general background information.

Please use the sheet here to indicate your answers where it says “background” and let me know when you’re
done.

lll. Scenario Completion (two 10 minute scenarios with follow-up questions=30 minutes)

We would like provide you with a situation and ask you a few questions using this system to find information
to make a decision or recommendation.

Picture yourself using the system during your regular clinical work.

Remember to say aloud everything that you’re thinking. Make comments. Ask questions. Mention any
difficulties you're having. Tell us what you’re looking for. Any surprises or problems you find.

If you get stuck, or can’t figure out how to get the system to do something, feel free to make your best guess
of what to do.

Scenario 1: Preparing for Surgery
For Attending Surgeon, Anesthesiologist, Burn ICU nurse

Set the calendar/clock start time

A 69 year old male, 96.6 kg with 54% thermal burns to his face, neck, chest, arms and legs, has just been
admitted to the unit. He was sent from an outside hospital. The ED team indicates the patient sustained
injuries while disposing of old gunpowder that ignited. The patient is hospital Day 4 and is going to the
operating room (OR) for his first excision and grafting procedure He is scheduled as the first case.

Please use the available information to determine whether the patient is ready for this procedure, tell us
your recommendation/decision, and circle your level of effort on the response sheet.

Is the patient’s hemodynamic status getting worse
Is the patient’s pulmonary status getting worse?

Is the patient’s volume status getting worse?

Is the patient’s hemostasis status getting worse?

kS



After clinician states their decision or recommendation, ask them to complete the following 3
questions also on their system evaluation sheet. Likert-type response format of 1-7 (strongly disagree -
strongly agree)

Please note your response to the Post-Scenario statements on the response sheet.

Following completion of the Likert-type items above, facilitator will ask the following open-ended
questions and note taker will take notes.

e  Were there any aspects of the system you found difficult to use? If yes, what were they? What made it
difficult?

e Was there any information you needed for this scenario, but were unable to find? If yes, what was it?

o Any other comments you would like to make?

3k 3k 3k 3k 3k ok 3k sk 3k 3k 3k sk 3k 3k 3k 3k 5k 3k sk 3k sk sk ok 3k 3k sk ok ok sk ok sk 3k ok 3k sk ok ok ok ok sk ok sk ok sk sk sk sk ok sk ok kk ok

Scenario 2: New Admission

For Nurse:
Set the calendar/clock

The patient is 9 hours post burn.

Please use the available information to determine whether the patient is ready for this procedure, tell us
your recommendation/decision, and write your decision or recommendation on the line next to the question
when you are ready.

1. Based on the vital signs and I/Os, what do you recommend for fluids:
increase, decrease, or remain the same?

2. Based on his glucose levels, do you recommend that he be started on an
insulin drip (Endotool)?

Set the calendar/clock

3. Based on the patient’s lab values, do you think he should be started on CRRT?
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After clinician states their decision or recommendation for each data element, please ask them to
make the post scenario ratings on their response sheet.

Following completion of the Likert-type items above, facilitator will ask the following open-ended
questions:

e Were there any aspects of the system you found difficult to use? If yes, what were they? What made it
difficult?

e Was there any information you needed for this scenario, but were unable to find? If yes, what was it?
e Any other comments you would like to make?

V. Post-scenario Questions (5 minutes)

In this last section, we would like to ask you about your experience using the system. On the sheet, lease
circle the number that best reflects your response.

Facilitator will finish with these open-ended questions.

After using this system on two scenarios:

1. Arethere any aspects of the interface you found particularly useful?
a. If yes, which ones and how were they useful?

2. Are there any aspects of the interface you found particularly difficult to use?
a. If yes, which ones, and what made them difficult?

3. Would a system like this be easily adopted (or integrated into current workflow)?
a. Ifsowhy? If not, why not?

4. Are there any additional comments you’d like to share we haven’t discussed so far?

VI. Conclusion (1 minute). Thank for time and dismiss participant

3k 3k 3k 3k 3k 3k ok 3k 3k ok 3k ok 3k 3k 5k 3k 5k 3k ok 3k ok 3k 3k 5k 3k 3k 3k 3k 5k ok 3k 3k 3k 3k 3k 3k 3k 5k ok 3k 3k ok 3k ok 3k %k %k ok %k ok kok k



Enclosure (4)

Usability Assessment

System User Response Sheet Number: Date: Time:

Background Please circle one response for each:

1) What is your profession? Physician Nurse  Respiratory Technician

2) How many years have you <1year 1-3 4-6 7-9  10+years

been in this profession?

3) What is your clinical role on the BICU? Staff  Supervisor

4) How many years have you <1year 1-3 4-6 7-9  10+years

been working on the BICU?

5) How many years have you <1year 1-3 4-6 7-9  10+years

been using Essentris?

not very
comfortable comfortable
6) On a scale of 1-7, how would you rate your 1 2 3 4 5 6 7
comfort with Essentris?
Scenario 1
Preparing for Surgery Level of effort to answer this question was (circle)
low high

Is the patient’s hemodynamic status getting worse? 1 2 3 4 5 6 7




Is the patient’s pulmonary status getting worse? 1 2 3 4 5 6 7

Is the patient’s volume status getting worse? 1 2 3 4 5 6 7
the patient’s hemostasis status getting worse? 1 2 3 4 5 6 7
Post Scenario 1 Strongly disagree Somewhat Neutral Somewhat Agree Strongly
disagree
System Ratings disagree Neither agree agree
agree
Nor
Please circle the number that di
isagree
best reflects your response.
| am confident in my 1 2 3 4 5 6 7
decision/recommendation
The system was easy to use to make 1 2 3 4 5 6 7
this decision
The system enabled me to quickly 1 2 3 4 5 6 7
find the information | needed
was straightforward to find the 1 2 3 4 5 6 7
information | needed to make a
decision/recommendation
Scenario 2: Nurse Level of effort to answer this question was (circle)
New Admission ,
low high
Based on the vital signs and 1/Os, 1 2 3 4 5 6 7

what do you recommend for fluids:




increase, decrease, or remain the

same?
We are now at Hour 4 of his 1 2 3 4 5 6 7
hospitalization.
Based on his glucose levels, do you
recommend that he be started on an
insulin drip (Endotool)?
We are now 7 weeks post admission. 1 2 3 4 5 6 7
Based on the patient’s lab values, do
you think he should be started on
CRRT?
Post Scenario 2 System Ratings Strongly disagree Somewhat Neutral Somewhat Agree Strongly
disagree
disagree Neither agree agree
agree
Please circle the number that
Nor
best reflects your response. disagree
I am confident in my decision/recommendation 2 3 5 6 7
The system was easy to use in making this decision 2 3 5 6 7
The system enabled me to quickly find the 2 3 5 6 7
information | needed
was straightforward to find the information | needed 2 3 5 6 7

to make a decision/recommendation




Appendix AD. CCS Straw Man Comparison, April 2016

Prep for Surgery, Scenario 1, Task 1-- Is the patient's hemodynamic status getting worse?

Essentris CCSs
Initial screen, vital He’s lightly sedated. On insulin, They
signs to check his stopped vasos,
stability; Began Cardiac tab.
scrolling through “Interesting
visible data Looking for | that temp is
trends and in the
1:15 On ketamine seeing cardiac
what's section.”
I’'m looking at vitals-BP, Temp, tidals, blood available.
glucose, pressors, pain meds HR, BP and
temp.
1:23 He’s off vasopressors.
1:20 | Looking at F
MAPs are good and C
_ . temps,
1:51 Based on vitals, he’s ready to go to OR vasopressin.
2:12 Back to labs H&H, 10.6 is good, platelets are low 1:30 | Looking at
- CVP
2:44 Based on vitals, he’s ready to go to OR
1:40 “Not getting
worse.
Stable.”
Scenario 1, Task 2-- Is the patient’s pulmonary status getting worse?
Essentris CCSs
0:27 Vitals flow Evaluating sats and
sheet respiratory status. Respiratory tab. “Elevated respiratory rate.”
FiO2. “Is the Pt
Resp is 22, O2Sat 98. On mechanically ventilated?”
vent, 60%, not spectacular. “What is BTEXP?” Tidal
Pressure control mode is not volume expired?
annotated. No spike in resp
1:34 PEEP is 8.
Wish | had ABG
1:37 Found vent
He’s not getting worse settings
2:30 Labs. Go to vent tab to double 1:49 Found bronch
check. findings
3:11 Pressure control is SINV, 1:54 Went to vent
check mode notes with history. Found it
pressure Support went from
pressure control




5:02

I would look at ABG

6:35

Pulmonary status is getting
worse. I'd re-verify from the
notes though.

to spontaneous
pressure control
with pressure

Scenario 1, Task 3-- Is the patient’s volume status getting worse?

Essentris

1/0s

Already looked at vitals, H&H
are good. Looking at total
in/out and urine out for foley

1:10

Significant drop, but overall
positive

3:07

Labs

BUN, creatinine, been pretty
much the same. Summary
screen indicate ins and outs.
Main issue, can see high and
low, but not clear on status

4:15

Volume is the same, not
getting worse

support.
2:19 Looked at ABGs. Said “it looked empty.”
2:37 “I don’t think we are getting
worse.”
CCs
Renal tab. . “l don’t know if this is tube
feeding or meds.” | see
Looked at I's ketamine. Pt has a foley.
and O'’s, fluids.
Noted Pt had
some PO intake
0:39 Looking for I's “out more than in.”
and O’s

1:03 “Pt is getting better.” “Not
sure if this is a shift. I'm
assuming the time on the
graph is a shift.”

1:45 “Large dump of urine. “

1:51 “This is not a total.”

2:13 Looking at net | “It's positive. It's only telling

and O'’s. me now. It's not enough
time in the view. They need
to change the time view so
it's not just a 24 hour
period.” Need yesterday
(day prior).”

3:32 Need hours or dates
changed to see a whole
week. That would be more
helpful.”

4:04 “Not getting worse.”

New Admission, Scenario 2, Task 1--Based on the vital signs and 1/Os, what do you recommend for fluids: increase, decrease,

Essentris

Vital signs,

or remain the same?

Having issues with Levofed,

CCs




notes

on-off

MAPS no change
Off hypotensive
Start albumin at 75

MAP improved

Renal tab

Looking at I's and O’s.

1:30

Have to increase fluids to
verify with labs and I/Os

2:20

1/O’s

Steadily increasing LR

He’s “in resuscitation”

3:25

Output increasing 30.12 next
day.

Definitely increase fluids,
don’t need labs.

0:27 Looked at fluids “I've got LR at 1,000.
Albumin, so this must be
active resuscitation.”

0:47 Looked at urine “Not enough.”

output.

0:57 Cardiology tab “I'm looking for
hemodynamic status. HR is
down.”

1:40 Looked at

temperature
1:52 Looked at BP. “I can’t scroll.”
1:58 Looked at MAP,

pressors.

2:19 Looked at CVP. “Not trending.”

2:29 Looked at “Up in fluids, H&H is

lactate. concentrated.”

2:48 “I would go up on fluids”

Scenario 2, Task 2-- Based on his glucose levels, do you recommend that he be started on an insulin drip (Endotool)?

Essentris
Vital signs Evaluate blood glucose at
least 180
0:53 Yes, | would add glucose

Scenario 2, Task 3-- Based on the patient’s lab values, do you think he should be started on CRRT?

Essentris

1 will go through urine output,
BUN, creatinine

0:47

1/0’s

Looking at output, low 40s

CCs

Endo/Gl

0:12 [Reiterated protocol for
starting insulin drip.]
0:16 “Yes, start insulin drip.”

CCs

Renal tab

Looking at urine
output, BUN,
creatinine,
potassium and




Total I/0Os 7k in

No putting out much.

phosphate.

1.03

“Not yet. Do not start
CRRT.”

1:30 I’'m already thinking CRRT
2:22 Labs K'is climbing

BUN and Creatinine
2:45 Yes, | would start.

Lactate isn’t available, |
would look at ABG




Appendix AE. Trip Report to AISR Validation Study, June 2016

N2

19 June 2016

From: Christopher Nemeth, PhD
To: Mr. Tony Story, CDMRP
Cc: Jose Salinas, PhD, Army Institute for Surgical Research

Subj : Trip report : AISR Validation Assessment 8-15 June 2016

1. Executive Summary. Applied Research Associates, Inc. (ARA}is under contract W8 13XXWH-
12-C-0126 to the U.S. Army Medical Research & Material Command’s (USAMRMC)
Congressionally Mandated Medical Research Program (CDMRP). 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 among
providers, this project explores the potential to provide relevant information to support clinician
decision making.

We planned for and conducted the validation assessment to leverage the foundation data
collection, analyses, and prototype development by:
= Determining how well the prototype version of the CCS graphical user interface (GUI)
supports team cognitive work.
= Comparing team performance using the CCS with performance while using Essentris
= Discovering how team members use the CCS messaging feature

2. ARA Staff. Research personnel on this trip included Christopher Nemeth, PhD, Dawn
Laufersweiler, Tony Hamilton, and Greg Rule.

3. Activities. The validation assessment would follow task scenarios, and collect quantitative
data (e.g., ime to complete task) and qualitative data (e.g., subjective report on ease of use).
Findings would be used to compare team performance using the CCS compared with the current
Essentris EMR. All information would be collected in accordance with IRB-prescribed
procedures. Two teams of three BICU clinicians (attending physician, resident and nurse) would
participate in two 4-6 hour clinically relevant scenarios (sepsis, ARDS) held over two days on
the unit using either the CCS or Essentris.

Mr. Hamilton arrived a day earlier than planned to resolve issues created by a BAMC IT update
that temporarily made the CCS unavailable for use. Ms. Laufersweiler, Mr. Rule and Dr. Nemeth
used the coding scheme they had developed and practiced to document team activity and also
documented team comments during post-scenario sesslonreviews.

b. USAISR Meetings. Dr. Nemeth and Mr. Rule met with Dr. Salinas on 8 June to discuss plans
for the CCS transition to development.

1750 Commerce Center Blvd. North = Fairbom, OH 45324-6362
Ph: 937.873.8166 - Fax: 937.873.8258
http:/fwww.ara.com/CognitiveSolutions




4 Results. The ARA team collected observer notes for eachrole that noted the kind of cognitive
activity that was observed (e.g , information searches, decisions). We also collected post-
scenario team comments and a brief survey that each participant completed to report on their
scenario experience that day. The ARA team also recorded team activity on video through each
scenario to serve as a back-up in case of questionsthat observer notes could not answer.

5. Further work. Next steps for the project are:

= Analyze the quantitative and qualitative data at ARA offices 27 June-1 July
= Draft findings section for the CCS project final report
= Translate findings into manuscript for submission the journal Critical Care Medicine

6. For further information. contact Dr. Nemeth at 847-865-3621. or cnemeth(@ara.com.

C ol




Appendix AF. CCS Validation Assessment Research Team Field Guide, May 2016

Research Design

Clinicians will be asked for their consent to participate in this validation assessment of the CCS interface
while they perform team based patient care during two simulated clinical scenarios. Participants will be
recruited to participate in one of two clinical teams. Each team will consist, at a minimum, of one
attending physician, one bedside nurse, and one resident, who will also interact with other
multidisciplinary care team members on the BICU service. At the beginning of the session, the clinical
team will be oriented to the scenario.

Two teams will be formed from those who consent. Each team will engage in two simulated
scenarios lasting up to 8 hours each using either the current Essentris-based health record alone or
Essentris with the CCS prototype to access and view clinical data. The first scenario is the team's
response to a patient's potential infection (sepsis). The team must evaluate whether the fictional patient
is becoming septic and how to treat it. The second scenario is the team’s response to a critically ill
patient with severe ARDS who may be a candidate for Extra Corporeal Membrane Oxygenation (ECMO).

On the day after orientation, the clinicians will perform one of the scenarios using the CCS in the
morning, then the other scenario not using the CCS in the afternoon or the following day. The Facilitator
will introduce scenarios during “change of shift” handoffs to scenario participants. The clinical team will
be asked to use either standard of care information sources, or standard of care information sources
plus the CCS to make clinical decisions and care for the patient. The scenario participants will interact
with the simulated patient data over a period of about six hours. Observers will take notes throughout
the session. The Simulation Monitor will note clinical team decisions and advance the scenario “clock” to
the next simulated patient data set. After the scenario begins, the scenario participants will be expected
to review the available simulated patient data and make appropriate decisions based on the information
provided. The scenarios are structured to require specific sets of anticipated clinical decisions.

Scenario 1 * initiation (delivery) of antibiotic therapy,
* decision to perform diagnostic procedure (i.e., diagnostic peritoneal lavage or
Abdominal Sepsis exploratory laparotomy),

* decision to perform exploratory laparotomy or transition to palliative care,
* communicate with the family/patient’s decision maker

Scenario 2 * initiation (delivery) of antibiotic therapy,
* paralyze the patient,
Severe ARDS * order the rotaprone bed,

* initiation or decision not to initiate inhaled nitric oxide therapy,
* consult the ECMO service, decision to cannulate or forgo cannulation for ECMO
* communicate with the family/patient’s decision maker

When the participants encounter a decision point, the Observer will document details, including what
decision is made, who participates in the decision from the core team and extended clinical staff, what
information they use to make the decision, and how long it requires them to identify the information



and complete the decision making process. The scenario will proceed to the next step based on the
decision made regarding the care and treatment of the simulated patient. The scenario team will
complete the exercise while performing their normal clinical duties on the floor.

At the conclusion of the scenario, the Facilitator will ask members of the scenario team several
subjective questions about their experience. They will repeat the process using the alternate scenario

the same day or the next day.

Observation

During Phase One, the team identified tasks
BICU care providers performed that reflect
macro-cognitive activities. The descriptive

model included Clarification, Coordination,
Negotiation, and Anticipation. The research
team will observe clinical team activity during
the validation assessment to document macro-
cognitive activities. Our goal will be to reflect
the

In the notes section,

team cognitive activity as scenario

proceeds. particular
points of comparison will matter between the
Essentris and CCS scenarios. What does the

team do:

Function Unit
Members Perform

Synchronization —

= When they need to find/compare information?

=  When there is a need to communicate?

=  When they need to check trends/patient history?

Activities Unit
Members Perform

Clarification

Coordination——

Negotiation —

AnticipatioH

Tasks Unit
Members Perform

Reduce uncertainty
Manage ambiguity

Manage conflicting agendas
Manage communication

Develop shared awareness of the Patient
Get and keep common ground

Manage the care plan and treatment goals
Coordinate resources

Identify alignment, gaps/differences
(e.g., agendas)

Manage conflicting agendas

Manage communication

Forward thinking

The guide is organized to focus attention on how the use of either Essentris or CCS changes outcomes.

Are outcomes (e.g., efficiency, situation awareness) better or faster using either system and in what

way?

Role (Nurse,
Physician)

Type of
Problem

Individual,
Group,
Environmental
Factors

Legacy ‘

(Essentris)

New: CCS ‘

Intervention:

Tool

Better
Decisions

Faster
Decisions

Better SA

Outcome
Measures



Outcome Measures

Improvements to clinician cognitive work will be manifest in ways we can observe and document. Our
observations need to be sensitive to activity related to these four measures.

=  Salience—CCS presents important patient information

=  Shares awareness—CCS makes important trends evident

= Efficiency—CCS composite view enables clinicians to act more decisively, sooner
= Collaboration—CCS messaging enables clinicians to build consensus, sooner

Searching for information in a system (not from a
Search (S) “I'm looking for X.. I'm looking for Y | person).

and Z info.” .
Uncertainty management-Efforts to overcome

“Where is... Y information?” when something is unknown or not understood.

Developing mental models- Mental imagery and

event comprehension, based on abstract

(as long as they are asking for knowledge and domain concepts and principles.

information from the system.

Perceive “I wonder if it’s X kind of thing Person is able to put information together to

that’s happening.” perceive patterns, describe possible future states,

patterns (P) . . I
and possible scenarios. Fitting data from search

with mental models.

Sense making- Diagnosis of how current state
came about and anticipation of how it will
develop.

Mental Simulation and Storytelling-Enacting
events and pondering how they may lead to
possible futures.

Collaboration Two types of actions: Coordinating between two or more people
(within and outside the team).

Coordination- How team members sequence
Clarification (C) | Clarification: [Push]“l have actions to perform a task.

information.”
Maintaining common ground-- Ongoing

maintenance and repair of a calibrated

[Pull] “Do you have information?” understanding among team members

Question (Q)

Integration-Merges information




Integration (1) with info someone else has

Decide (D) Order entry for either diagnosis Document when orders are entered.
(figuring out what the problem is) or

o ] Problem detection- Ability to notice potential
therapeutic intervention (care plan).

problems at an early stage.
Planning--Changing action in order to transform
a current state into a desired state.

Naturalistic Decision Making- Reliance on
experience to identify a plausible course of action
and use of mental simulation to evaluate it.

We will use an activity analysis format to keep brief but meaningful notes. The challenge will be to keep
the notes simple yet also recognizable. Our records should reflect who did what and when. We've
assembled a table to help each observer to keep track of that information as the scenario plays out. The
table is organized to reflect that with a column for time, role (Nurse, Resident, Attending, RT/PT),
activity, and notes. Rather than write out terms, it’s easier to use codes. We’ve added unique cods next
to each of the macro-cognitive terms that can be jotted into the “code” column. It will help to keep the
table handy for reference.

CCS Validation Assessment Observer: Page:

Research Team Field Guide Day/Scenario:







Crandall, Klein and Hoffman (2006) described the following macro-cognitive activities:

Activity

Description

Naturalistic decision making

Reliance on experience to identify a plausible course of
action and use of mental simulation to evaluate it.

Sense making/
situation assessment

Diagnosis of how current state came about and
anticipation of how it will develop.

Planning

Changing action in order to transform a current state into a
desired state.

Adaptation/re-planning

Modification, adjustment or replacement of a plan already
implemented.

Problem detection

Ability to notice potential problems at an early stage.

Coordination

How team members sequence actions to perform a task.

Developing mental models

Mental imagery and event comprehension, based on
abstract knowledge and domain concepts and principles.

Mental simulation and
storyboarding

Use of mental models to consider the future, enact a
series of events, and ponder them as they lead to possible
futures.

Maintaining common ground

Ongoing maintenance and repair of a calibrated
understanding among team members

Managing uncertainty and risk

Coping with a state or feeling in which something is
unknown or not understood.

Turning leverage points into
courses of action

Ability to identify opportunities and turn them into courses
of action.

Managing attention

Use of perceptual filters to determine the information a
person will seek and notice.




Appendix AG. CCS Machine Learning Validation Report
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HRH APPLIED RESEARCH ASSOCIATES IMC.

Validation Report for the Cooperative Communication System Machine Learning
Use-Cases

Oct 31, 2016
Contract: WBLXWH-12-C-0126

ARA developed three Machine Learning Use-Cases for CCS:

Wellness Trajectory Provides a time-series score reflecting the patients owerall condition. A wellness score is
a real number between O (indicating near death) and 1 {likely ready to discharge from
the BICU).

Patient Cohorting Provides a ranked set of historic patient records intended to give a dinician insight for
the treatment of the current patient by reviewing reverent examples of previous care
and outcomes.

Problem Recommender Provides a set of potential medical problems indicated by performing simple Natural
Language Processing (MLP) on the notes data in the heath record 50 as to cue clinicians
1o consider these possibilities.

In machine learning, we often use expert classification to train our computational models {i.e., supervised learning). This
requires an expert to generate a labeled training set that the model then learns to apply to new (i.e., test set) data. In
these cases, validity is established by executing the model on an expert labeled testing set and measuring the results. In
the case of these three CCS ML Use-Cases, we did not have a labeled data set. All of our data were copied and cleaned
directly from the electronic medical records system (Essentris). Addressing these use cases with this sort of data
required us to use 8 combination of analytics, and unsupervised and supervised machine learning. Unfortunately, this
complexity prevents us from validating by using a split of the data as a test set, because there is no split of the data that
contains the correct answers.

To address these challenges, our methodology for validation incorporates both SME input for @ small set of analytic
comparison values and rules for face validity of the outputs. Given constraints on SME time, these data are woefully
insufficient to train/re-train the models, which would be desirable. When feasible, we compare our ML-produced results
against those that use alternative automated reference methods and evaluate consistently. Due to having no accredited
maodels for these use-cases or this context, results here offer guidance for development but they do not strictly validate
the performance of our models. We detail our validation process for each independently in the next three sections.

4300 San Mateo Bhwd. ME, Suite A-220 - Albugquergue, MM 287110
(505) B81-8074 - Fax: (505) 883-3673 = www.ara.com




Wellness Trajectory Validation

Wellness is a subjective term and the degree of wellness within the context of a BICU is not a universally agreed upon
measure. There are several existing methodologies (such as SOFA and APACHE 2) that have been used to manually
guantify the probability that a given patient will die based on historic cases in general ICUs. We are essentially
developing similar measures using machine learning and other analytics and focusing on modeling a set of historic BICU
patients. Our methods are intended to be exclusively informed by, and executed using, available raw health record data
without human intervention.

Our ML approach for this use-case consisted of wsing the last two days of a patients stay as a representation of the
extremes of wellness. The final days of patients with the disposition of deceased were used as examples of an extremely
low wellness level [noticnally 0.0), while discharged patients final days were assumed to have been high wellness
[notionally 1.0). We trained a set of ML classifiers on these samples, and performed 10 fold cross validation on each
model (see analytic validation below). Each classifier used a different ML strategy and we ensemble their results to
establish the final Wellness Score for each patient for each day of their stay.

There are three significant challenges in validating this use-case:

1. There is no standard for a correct wellness score, particularly one bound by our ranges. It is therefore mot
possible to train our model on labeled cases. To resolve this, our models are derived from data in each historic
patient’s last 48-hour window and labeled based on the final disposition of the patient. Without training data for
known interim wvalues, our models infer a probability for each disposition in any time window. Invalidation, we
will need to check if this scale reasonably approximates the subjective estimates of clinicians.

2. Our models are developed exclusively using an IRE approved 2-year patient data set specific to the Burn ICU.
This limited data set introduces the risk that our models are not sufficiently general. In validation, we must be
sensitive to the fact that in our BICU data, there is limited diversity in presenting problems, and every patient is
actively cared for throughout their stay. Only @ small percentage of the patients pass away during stay, which
biases predictive models.

3. Our models only use available data in the health record; no additional information is to be provided. While mare
flexible, this approach does not leverage the depth of medical knowledge an expert would and therefore may
not capture the nuances of individual cases. In validation, we mustwatch for cases where medical experts would
infer condition information that is not explicit in the data.
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Validation Methodology

We performed validation on the entire stays of 320 patients. Only 4.4% of those patients died during their stay in the
BICU [Table 1). The length of their stay averaged 128 days (min <1 day, max 123 days), a complete histogram of stay by
disposition is in Figure 1.

Tahble 1. Summary of Patient Final Disposition for wellness Trajectory

Avg. Stay
DECEASED 14 4.4% 8.3 days
DISCHARGED 306 95 6% 13.0 days
320 100 12.8 days
50
a5 B OECEASED
a0 B HSCHARGED

2 35
%30
3
E 0

Elg IJ.IJJ | |J|H‘|.||...|..|............|........--~---

o2 4 6 B 1012 14 16 18 302X 24 2T 219 37 3 36 41 43 5 56 64 68 75 86 118173
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Figure 1. Histogram of the number of patients [by final disposition) and the duration of their stay (in days) in the BICU.

Methodology for Domain Expert Validation

We selected a cohort of 5 patients from our IRB-approved data set for assessing wellness trajectories with a SME by
filtering patients with BICU stays of at least 20 days (we needed multiple diverse points within each patient stay), had
data daily, and controlled for final disposition [Table 2).

Table 2. Patients used for Expert Assessment for Wellness Trajectory.

Duration Disposition
Patient A 18 days DISCHARGED
Patient B 57 days DECEASED
Patient C 15 days DISCHARGED
Patient D 22 days DECEASED
Patient E 37 days DISCHARGED

After consenting, we elicited 3 assessments (randomly within in the early, middle, and late portions in their stay) for
each patient from the SME. The SME was free 1o use their own judgement in assessing wellness, but our SME modeled
their assessments after the Phases of lllness Paradigm (POIP) approach with subjective adjustments. We guickly
discovered that the manual process for evaluating Wellness is extremely time-consuming. It required & hours of SME
time to elicit 15 data points, which prevented us from gathering a larger sample for validation. The major reason for this
was that the EMR data was not presented in @ manner amenable to retrospective analysis. Our expert had to manually
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search for data, make assumptions, sometimes try to recall the situation, and read clinician notes to try to decode what
was occurring in historic data. Progressively within this collection, our SME started prioritizing using the flexibility of the
CC5 portal to view larger spans of time graphically and perform more selective gueries into the EMR when necessary to
clarify the meaning of the data they were viewing. We wrote down the final assessment for each patient/time
combination. Due to time and availability constraints, we focused on a single SME and are unable to perform inter-rater
reliability assessments.

Methodology for Analytic Validation

In addition to our Wellness Condition model, we implemented 2 Modified SOFA score. We modified SOFA in two ways:
(1) to accommodate automation using the data available in the EMR, (2) we normalized the scale and inverted it (SOFA s
normally a measure of sickness not wellness). Our modified SOFA algorithm serves as comparisons for our validation
Process.

We calculated the Mean Absolute Error (MAE) for both our ML and Modified SOFA algorithms by differencing the
condition points from SME provided assessments:

1
MAE = P Z ABS(alg, —sme,)
X
X

Strategies with a lower MAE more closely match the SME assessments and are considered supericr. The magnitude of
the MAE is consistent with the normalized Wellness values.

Cross Validation for ML Classifiers

Internally to our code, we train 12 different ML models on the automatically generated labeled training set from the
final 3 days of each patient’s stay. This data set includes 3254 features based on the various data elements discovered in
the EMR, their counts, first derivative, and variance for each day. In practice this feature set is sparse as most patients
do not have most values for most days. We ensemble these models to run against data significantly different from the
training set (i.e., all non-terminal times when the patient falls somewhere between discharge and deceased). However,
we can use traditional ML validation approaches to assess the guality of the individual ML models. We used Weka,
which is a collection of machine learning algorithms for data mining tasks (httpy//fwww . cs.waikato.ac.nz,/mlfweka/), to
execute 10-fold Cross Validation of these models. When repeated, Weka splits the data set into training and test sets (a
fold) and averages the evaluation of the test set across all folds. Our training set incCludes 1250 samples from multiple
patients. A smaller MAE indicates a classifier that more closely models the data (over many folds).

Results for Wellness Trajectory Validation

In patients A [Figure 3) and B [Figure 4], our Wellness Trajectory and Modified SOFA significantly cverestimated wellness
relative to the SME's assessment. Patient C (Figure 5) was closer but still underestimated. Our Wellness Trajectory model
produced results similar to the SME for Patients D (Figure 6) and E [Figure 7). We assessed the difference between SME-
elicited wellness estimates, and generated values and computed mean absolute error {which are already normalized)

Table 3. Mean Absolute Error (MAE) relative to SME assessment.

Wellness Modified

Condition SOFA
Patient A 0.37 0.30
Patient B 0.38 0.40
Patient C 0.13 028
Patient D 0.07 0.36
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Patient E 0.13 0.31
0.22 0.33

ARA’s Wellness Condition values were most often closer to the SME wvalues than the Medified SOFA scores. Both
methods tended to be overly optimistic about the patient’s condition relative to the SME, with our Wellness Condition
above the SME in B0% of the points. Our model likely overestimates because the training data set for our ensemble of
models only includes 4.4% deceased patients, 50 the base rate for disposition is significantly in favor of being discharged.
Since the BICU freguently intervenes on the behalf of their patients this optimism in the model is not unfounded.
Secondarily, our models are based on terminal dispositions, 5o they do not characterize issues that are serious only if left
untreated [but are never left untreated) as detrimental to wellness.

Meodified S0OFA is a pure formula based analysis performed for general ICU use and incledes a wider range of issues than
might be found in the BICU patients. Our approach to normalizing each of the component scores gives credit for not
having high sickness levels in each component. S5ince a patient is unlikely to be at the most sick level concurrently for
every component score and still be alive, these normalized scores tend to overestimate wellness.

E

A B C| D E F & M 1 1 E 1

Figure 2, MAE using 10-fold Cross walidation for each
model in the wellness Condition ensemble.

Cross Volidation Results. The MAE for the 12 individual nor 3
classifiers via 10-fold cross validation indicates that

each model is reasonably accurate (Figure 2. MAE using 10- i
fold cross Validation for each model in the Wellness Condition E
ensemble Figure 2). The mean MAE was 0.05 (min0.02, lw

o
L}
a

max 0.06, sd0.01) Correctly classifiedinstances
averaged 95.8% (Min93.6%, max 98.2%, sd 1.6%) wo
across models. However, given the disproportionate 0o
number of patients being discharged alive, these rates
reflect a bias towards classifying cases as discharged.
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Notice: in the following graphs, weliness trajectory scores are computed for all days where the EMR contains any data. In
some cases, dota is entered into the EMR for patients that have aiready been discharged. These may refiect entry from
notes, charts, or pending lab results. Each method makes its own determination when there is sufficient data to maoke an
O55ESSIMENt.
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Figure 7. Wellness Trajectory Results Comparison for Patient E.

Patient Cohorting Validation

Patient cohorts are used to identify historic cases that may be of value for decision making in the subject case. There are
many ways to cohort, and different methods result in different cohort compesitions. Ideally, the cohort selection
process would be directed towards identifying cases 1o support a specific decision-making situation. We were directed
to analyze the raw EMR data, which was not labeled for any decision context or with examples of cohorting from which
to train our models. In this research, we developed several models assessing how similar a pair of patients’ data are at
some point in time, and how similar their stay up to that peint in time is to other patients’ full-stay. We believe there is
benefit to each, and they are detailed below:

Window-based We compare one patient at one time interval (Bhrs), with all other historic patients at all of
their eguivalently sized time intervals. This identifies the extent to which patient A at time A’
is similar to patient B at time B’, for all patients and all time windows. This is particularly
useful for comparison of immediate/short-duration conditions. We computed windowed
similarity by comparing available data in and near the time interval and statistically
determining how likely two patient's values are 1o being drawn from the same population
(incorporating Student's T-Test). The key factor in ML tailoring of these windows is learning
the weights to apply to each feature, we developed three weighting models:

* Simple Mean — Thizs considered each feature to be eguivalent.

+ Expert Directed — This model increase the relative weights for features indicated by
an SME to be the most important for cohorting.

+ PCA Derived — This model uses weights that were determined through a Principal
Component Analysis (PCA) to be the most significant for differentiating patient
samples. PCA translates data into a multidimensional space based on Eigenvectors

[EVs), and our weighting of factors is determined by the most significant EVs.
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Temporally Aligned We additionally compare one patient to another over the course of their entire stay in the
BICU, where similarity is computed between temporally ordered seguences of windowed
comparisons (using any of the above methods). This identifies patient history similarities and
is expected to be useful for full admission condition comparisons because it identifies the
extent to which patient A has maintained similarity to patient B over the course of their stay
to date. We evaluate two methods for grouping

*  Full Stay Aligned — This considered each feature to be eguivalent.
+* Full 5tay Clustered — This model prioritizes collective similarity by grouping similar
patients, 5o recommended cohorts are mutually similar.
In the validation, we will compare the effective of each approach. It should be noted, that NOME of our methods focus
on the traditional demographic approach to cohorting. In fact demographics are not considered at all, introducing a risk
in making comparisons against domain expert's subject opinion which may consider these factors significant.

Validation Methodology

Due to time reguirements it was infeasible for an SME to manually determine eguivalent cohorts based on direct
temporal windows similarity. However, our SME identified two key factors for face validity based on our graphical user
interface (GUI): (1) at the specific time of comparison, similar patients should have similar Wellness Conditions and (2)
the slope of their Wellness Trajectory should be similar to indicate they are going in the same cverall direction.

Cohort identifications include the following information:
* Patient being evaluated
o Time window being considered (is whole patient record for Full Stay)
» (Cohort patient under consideration
o Time window being considered (is whole patient record for Full Stay)
* Similarity score — which is between -1 with 1 being the most similar possible
For analysis, we compare every Bhr window for every historical patient to every other 8hr window for every other
patient and produce a similarity matrix. We drop similarities below .1 to reduce the overall data set. This results ina very
large data set of weighted comparisons.

Point MWAE. We calculated a Mean Weighted Absolute Error (MWAE) by differencing the Wellness Condition points for
each patient (x at time t, and y at time ty) and multiplying it by the similarity score. These are then averaged over all
patients and time windows for each variation of the cohorting algorithm.

1
BMWAE = |—EE‘}| Z similarity(x tx, v, tv) = ABS( Wellness(x. tx) — Wellness(y. tw))
X, Ve Ty
X ytxty

Combinations that result in a lower MWAE indicate that the cohorts produced mode closely match the SME rule that
wellness should be similar.

Slope MWAE. We similarly calculate a Mean Weighted Absolute Error (MWAE) by performing a linear regression on the
Wellness trajectory and differencing each patient’s slope (x and y) and multiplying it by the similarity score. These are
again then averaged over all patients and time windows for each variation of the cohorting algorithm.

1
SMWAE = oyl Z similarity(x tx, v.tv) = ABS( Slope (WT (x)) — Slope (WT (v1))
Ty
xRty

i@ APPLIED RESEARCH ASS5OCIATES INC




Combinations that result in a lower MWAE indicate that the cohorts produced mode closely match the SME rule that
wellness should be similar. A better method would focus the slope calculation on the times series leading up, but not
exceeding to the comparison windows. However, due to time constraints, this is future work.

Results for Cohorting Validation

The MWAE results for both point and slope-based evaluations demonstrate that the Expert Directed weighting performs
best with respect to the SME evaluation rules. This is not terribly surprising given that the EMR contains a considerable
amount of very noisy data, and our SME has been active in research for useful wellness measures. This does however
show the importance of combining expert domain knowledge with ML analysis. For Point MWAE rates ranged from
0.012 (Full 5tay Aligned - Expert Directed) to 0.036 (Full Stay Aligned — Simple Mean). Table 4 shows Simple Mean
performed worst in every case suggesting that much of the data in the EHR not useful in finding cohorts with similar
degrees of wellness. Numerically, one would expect PCA Derived to find good feature weights, however picking the
features that best differentiate patients may not be consistent with finding those relevant 1o overall wellness.

Table 5 shows the Slope-based MWAE and again suggests Expert Directed feature weights are the most appropriate for
cohorting patients. Because we used slopes for the entire patient stay, the results of windowed and aligned strategies
were indistinguishable (there are differences in lower digits).

Table 4, Mean Weighted absolute Error for Wellness Points Table 5 MWAE for Wellness Trajectory Slow for each
for each combination of windowing and alignment. combination of windowing and aliznment

window Full stay Full 5tay
omily Aligned Clustered

Window Full Stay Full 5tay

Point MWAE* [
imt WA only Aligned Clustered

slope MWAE

Simple Mean 0,031 0.025 Simple Mean
Expert Directed 0.015 0,012 0LoLa Expert Directed 0,003 0,003 0LD05
PCA Derived 0024 0.01s 0022 PCA Derived 0,005 0005 0,007

*one way AMOVA p-value <005

The key differences between methods can be seen in the similarity matrices of Table 6. First windowed patient to patient
comparisons are asymmetric due to handling of missing data. For example, if your patient does not have lab results but
the historic potential cohort does, this will not be counted against the similarity match. However if you have lab results
and the historical cohort does not, this does decrease similarity. The primary difference between the Window Only and
the Full 5tay Aligned is aggregation of the best comparisons resulting in an > B0% reduction in data size and somewhat
less extreme values. This is obscured in the similarity matrices because each block is the average of all comparisons
between that set of patients (for which there is only 1 in the aligned case).

The clustering approaches dramatically reduce the number of cohorts by pricritizing similar groups of patients and
dropping comparisons with all others. The intent of this approach was to attempt to mine classes of patients and
present them as cohorts. This method performed slightly better than Window Only in Point MWAE but slightly worse in
Slope MWAE. Motice Full Stay Clustering drops ~87% of the comparisons (the resolution of these matrices is lower than
the others and it is more spare).
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Problem Recommender Validation

Problems are high level clinically relevant concepts that reflect adverse states of patent; for example: “Sepsis”. Our
Problem Recommender analyzes at the clinical notes data using MLP and attempts to identify and isclate these concepts
5o that they can be called cut to the clinical care team. This is informed by a SME-generated list of terms that were
drawn from the experience of clinically relevant problems in the BICU. Specifically, we process the text in notes entries
to identify concepts and incidences of the use of these concepts. This process simply extracts existing information for us
in providing semantic context for understanding changes in wellness, predicting future issues from cases, and
determining reasons why cne cohort may be superior to ancther.

Validation Methodology

Aside from algorithmic testing and face wvalidity of results, there are not significant measures of accuracy for this use-
case. In reviewing problems in the GUI, our SME noticed correspondences between the problem labels and changes in
the Wellness Trajectory. We would anticipate that the existence of a problem should correspond to a dip in Wellness.

We will assess the correspondence of problem concepts in the notes and dips in the Wellness by measuring the delta in
Wellness Trajectory for from 1 day prior to 1 day after the detection time. Instances where the problem and dip co-
 APPLIED RESEARCH ASSOCIATES INC




occur will be marked as a positive correspondence. Instances where the problem concept is detected but there is no dip
in wellness are marked as negative correspondences. We will compute the ratio of positive correspondences to concept
detections.

cp positive correspondences

concept detections

We hawe 320 patient records that contain 1337 detected problems. Our analysis shows that 64.5% of the problem
concepts detected in the dlinical notes are entered on the day of admission. This suggests that either the relevant data
for on-geoing clinical assessments is not being searched correctly or that clinicians are less likely to document problems in
text as the patient stays progress. One repercussion of this is that there are fewer examples with full data from which to
learn models of various problems. A second issue is that there is no history of wellness on the first day from which to
detect a dip, so we will eliminate all day 0 detections from our analysis.

Results of Problem [dentification

We computed the detections [some instances co-occur on the same day and were merged) and correspondences.
Overall, 59.6% of the problems corresponded to dips in the Wellness Trajectory. Table 7 details the problems detected
[ordered by total counts of occurrences after the first day). These may be conservative as the mention of problem
concepts in terms of prevention and mild problems may not show as dips. Conversely, dips may occur for reasons other
than the problem detected.

Tahble 7. Problem concepts detected and the correspondence ratio (CR) for dips in Wellness,

Concepts Detections CR
(>day 1)

All Concepts 312 59.6%
edema 135 B0.4%
constipation 65 &4.6%
prewmonia 32 BB E%
diarrhea 29 48.3%
thrombosis 18 55.6%
Sepsis 16 56.3%
arthritis 10 50.0%
hepatitis 7 57.1%
cholecystitis 5 B0.0%
tracheobronchitis 4 50.0%
gastritis 3 BE6.7%
osteamyelitis 3 B6.7%
pancreatitis 2 50.0%
endocarditis 1 100.0%
erythremia 1 100.0%
paraplegia 1 100.0%
sciatica 1 0.0%

serositis 1 100.0%
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Summary

The ML capability in CC5 offers innovative analytics that that show promise for improving diagnostic and therapeutic
decision making in the clinical setting. Despite challenges in data access limitations, noisy and missing data in the EMR,
and SME time limitations for labeling of historic data, this first-ever research study demonstrates the potential for
machine learning to extract meaningful patterns without the need for human intervention for the three key use-cases of
wellness trajectory, cohort identification, and problem recommendation. Future research incorporating larger scale data
sets and more rigorous validation will help to make these ML approaches more robust and better calibrated to SME

judgments.
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Appendix AH. Confirmation of Contract Deliverables Receipt (August 2016)

Angust 25, 2016

USA MED RESEARCH ACQ ACTIVITY

820 Chandler St

Fort Detrick, MI> 21702-5014

Aftention: Lance Nowell, Contract Specialist

Reference: Contract Mo, WEIXWH-12-C-0126

Subject: Confirination of Contract Deliverables Receipt

Dear Mr., Nowell,

On behalf of the Critical Care Systems Research Task area at the US Army Institute for Surgical Research
(USAISR), am acknowledging receipt of the following contract deliverables under the Cooperative
Communieation System (CCS) contract Mo, WETXWI-12-C-0126.

a. Phase 2, Task 2.5: CCS code had been delivered to USAISR for implementation in the
ISR Drevelopment environment pending final approval of the technology transition plan,

b. Phase 3, Task 3.5: Draft CCS Technology Transition Plan,

I you have any questions or require additional information, please contact me at 210-539-0806 or at the

following email: jose.salinasd civi@mail.mil.

Sincerely,
e {:_‘__“,
R S A e

Task Area Manager
Critical Care Systems Task Area
LS Army [nstitute of Surgical Research



Appendix Al. CCS Transition Plan

In accordance with Task 3.5, CCS Clinical Implementation and Transition, ARA and USAISR have identified the
transition requirements and finalized the technology transition plan for the completed prototype CCS.

Our transition plan has three main themes: maturation, generalizability, and transition.

a. Maturation: Three capabilities must be completed that the initial CCS research identified as requirements
for clinical work but were beyond the scope of the initial project: data entry, scheduling, checklists, machine
learning algorithm refinement, and medical device integration.

Data entry. The CCS project team identified entry of patient data as an essential aspect of routine
care yet was not permitted to enter data to the Essentris EMR. A data entry widget will make it possible
for clinicians to enter data in the context of the CCS information design. Making data entry possible in
the context of an individual patient’s information will make data entry more efficient and accurate. This
will require close coordination with the developer of the new EMR, e.g., Cerner, mediated by the
Program Executive Office, Defense Healthcare Management Systems (PEO DHMS).

Scheduling. The ability to plan staff assignments will inform the CCS Care Team widget to connect
those on shift to each patient. During the CCS project, the team identified Schedule Anywhere software
as the best match for unit needs but was not allowed to include it, as research funds could not be used to
acquire an operational product. In fact, the feature proved so valuable to clinicians that AISR purchased
the contract using operational funds and began to use it separately from the CCS.

Checklists. Compliance is an important aspect of clinical work. The checklist widget will provide any
unit’s Charge Nurse with needed guidelines and requirements than can be used to ensure unit
compliance appropriate to each individual patient’s care plan.

Machine Learning. Refine and further validate machine learning predictive and pattern recognition
capabilities.

Device Integration. Work with DHA and AISR to use AISR’s Integrated Data Exchange and Archive
(IDEA) server to transfer data from medical devices to CCS.

b. Generalizability: The CCS must be proven effective in multiple environments by implementing it in a clinical
setting other than the AISR Burn Center such as an MTF, CSH, or VA facility. We anticipate three milestones:

1. Perform field study at an alternate MTF. Develop a tailoring plan for CCS to operate in that setting
2. Install, evaluate CCS with the JOMIS./Cerner EMR system at the field site (CHS)

3. Report on results of CCS implementation at the field site

c. Transition

1. The activities across each phase will align the CCS so that it is prepared for entry into the Decision
Gate process. We anticipate three milestones:
a. Complete a Materiel Development Decision (MDD)
b. Develop and submit material needed to initiate FDA approval process
c. Submit a Decision Gate presentation and report

Plans and Strategy for Translation, Implementation, and/or Commercialization



This proposed effort is structured to take the current prototype CCS from a technology readiness level (TRL) 5
based on current system capabilities, to a TRL of 6, which is suitable for entry into Decision Gate and
Advanced Development for clinical trials. The requirements for CCS are based on the Combat Casualty Care
(CCCQ) Initial Capabilities Document (ICD) and the EMR requirements established by Defense Health Agency
(DHA).

The CCS was presented to the Capability Development and Integration Directorate (CDID) to be considered
for a full Integrated Product Team (IPT). Once approved, a requirements memo will be generated to enable
commissioning of an IPT and MDD. This will support further development of CCS functional aspects in the
deployed field medical setting, integration with JOMIS, and validation in a CSH.

For advanced development transition to the MTF, PEO DHMS will need to issue a requirements directive
regarding the integration of CCS into the Cerner EMR. This will enable CCS development to integrate with the
EMR and bedside medical equipment, and CCS validation in an alternate MTF.

Milestone 1: The project team will prepare and present a Materiel Development Decision (MDD) request for
CCS to secure permission to proceed with the transition process. Based on the current technology readiness
level (TRL), we will request entry into Decision Gate at a Milestone B. However, we will be prepared to
proceed at a Milestone A based on IPT direction.

Milestone 2: After a successful MDD the CCS will begin coordinating for FDA clinical trials to validate the
system for full clinical use. These clinical trials will be scheduled at a number of MTFs throughout the DoD.
These trials will be coordinated to proceed in parallel with the deployment of the new Cerner EMR as the CCS
will be designed to interface with that system to support current DoD medical IT requirements. The CCS team
has already begun to coordinate with the Mayo Clinic Project AWARE team to leverage their experience with
gaining Class 2 clinical device approval in civilian hospitals. The AWARE system is also already integrated with
the Cerner EMR in multiple civilian hospitals. Through a cooperative research agreement, we will enable
AWARE capabilities to be integrated with CCS in MTFs, while AWARE will be integrated with CCS capabilities
for civilian commercial healthcare use.

Completion of the clinical trials and full FDA approval will authorize the CCS to operate as a clinical decision
support system and Class 2 medical device. The CCS software will then be packaged and delivered to the
USAISR and PEO DHMS, including all source code under a government-wide limited license. This will permit
the DoD to manage and alter the code for use in MTFs without contractor involvement (unlike previous and
current EMR software). The CCS will be delivered to MTFs through the DHA Medical IT program office. The
field version of the CCS will be deployed to CSH and field medical units in coordination with the JOMIS
deployment. ARA will retain control over the software for commercialization and sales to civilian hospitals
and be available under contract to provide software support and future improvement on an as-needed basis
to the DoD. However, PEO DHMS will retain full rights to build on and improve the code for use in the DoD.



Significance and Uniqueness

The CCS directly supports the two primary goals of PEO DHMS:

e Modernize the Military Health System (MHS) electronic health record (EHR)

e Establish seamless medical data sharing between the Department of Defense (DoD), the Department
of Veterans Affairs (VA), and the private sector

Multiple features the CCS offers make it a unique and desirable interface for medical data, regardless of the
data sources.

a. Common Operating Picture (COP) for clinical data in real time
Access to and visualization of clinical data will be consistent at all MTFs and field hospitals.

Clinical data can be updated in real time from bedside patient monitors, local data management systems, and
the centralized EMR. This leads to better decisions based on current, accurate data and reduced potential for
medical errors.

b. Reflects clinical mental models

The CCS is the result of three years of intense collaboration among human factors researchers, information
designers, developers and clinicians. Usability assessment results confirm it accurately reflects clinician
mental models. The system supports a clinician’s ability to access and use medical data without
compromising the data management needs of the administrative and coding functions hospital managers
require for reporting and compensation.

c. Directly support clinical work processes

CCS Year One research identified seven requirements that are essential to cognitive work that are present in
the CCS.

Patient Identifier: Simple graphic with key condition trend and data enables the BICU staff to scan
among and across patients and recognize care needs at a glance.

Unit View. Organized as a BICU floor plan, the view includes an patient identifiers and facilitates
resource allocation and prioritization, care planning and coordination.

Patient View. Presents all salient, data related to the patient in a single window organized by body
system using a “parent-child” tab/window format.

Tasking, Messaging, and Alerting. Real time message correspondence among care team members
supports the development and maintenance of common ground.



Checklists. An interactive list of quality measures makes it possible for the unit’s Charge Nurse to
ensure that essential evidence-based care is accomplished.

Scheduling. Staff assighment to the unit, and to each patient care team, improves unit efficiency by
matching care resources to needs.

Order Management. Lists all orders from treatments to diagnostic tests, to minimize uncertainty
about diagnostic and therapeutic plans, status, and results.

d. Tailorable to Clinical Roles, Individual Preferences

The Patient View can be customized by the user to change what data are displayed and how they are shown.
Salient information is available and evident, because views are based on role and task requirements.
Variables can be displayed graphically, in either a line graph, or table. This also makes the creation of
relational information displays possible by showing meaningful combinations such as a “cardiovascular,”

III

“cardiopulmonary,” or “cardio-renal” that may help clinicians answer questions about patient condition or

treatment effects.

e. Autodidactic system

The CCS ML feature makes it possible to identify patterns such as trends, comparable patients and care
regimens, and metadata on how clinicians use the system so the CCS can evolve as the unit does.

f. Accelerated Expertise

Machine learning algorithms detect and offer patterns that would otherwise go unnoticed, particularly by
inexperienced clinicians. Clinicians who are assigned to operational medicine but who are unfamiliar with it
will receive the necessary support to make decisions “like an expert.” This leads to faster turn-around for
more diagnostic, treatment decisions.

g. Interoperability

Because the CCS is platform agnostic, it can assemble and present salient data from any number of
information sources including EMRs, databases, and medical devices. It can extract data from an EMR and
available bedside monitors for display in a coherent clinician-centered view. It can also feed data back to the
underlying EMR for storage. The AISR has developed the Integrated Data Exchange and Archive (IDEA) Server
to support in-house medical device monitoring needs as part of the clinical projects within its research and
intensive care units. The Fast Health Interoperability Resources (FHIR) standards will also provide a perfect
standard to drive inter-device communication between monitors, the EMR, and CCS.
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NATIONAL SECURITY ENERGY & ENVIRONMENT INFRASTRUCTURE HEALTH SOLUTIONS

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Overview

Cooperative Communication System (CCS)
Recap

December IPR Review

CCS and the Cerner Electronic Health Record
(EHR)

Maintaining CCS Connectivity

ARA asks for DHA support to:
1-Fund CCS bridging project proposal
2-ldentify program office, IPT for CCS JOF
3-Initiate handshake with Cerner/Cerner POC ' ket

@ WWW. ara com © 2016 Applied Research Associates, Inc. ARA Proprietary 2



[ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Cooperative Communication System (CCS)

The CCS is a real time decision and communication support IT system
based on clinical mental models and work processes.

@AR
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[ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

Decision & Communication Support Matters

34,000 of 540,000 ICU annual deaths
attributable to diagnostic error

Winters B, Custer J, Galvagno SM, Jr., Colantuoni E,
Kapoor SG, Lee H, Goode V, Robinson K, Nakhasi A,
Pronovost P et al: Diagnostic errors in the intensive care
unit: a systematic review of autopsy studies. BMJ Qual
Saf 2012, 21(11):894-902.

Information chaos contributes to poor
situation awareness and high mental
workload which impairs memory, decision
making, judgment, execution of decisions

Beasley, JW, Wetterneck, TB, Temte J, Lapin JA, Smith
P, Rivera-Rodrigues AJ, Karsh BT. Information chaos in
primary care: implications for physician performance and
patient safety. J Am Board Fam Med, 2011 Nov-
Dec;24(6):745-51. doi: 10.3122/jabfm.2011.06.100255

After visiting 23 high-functioning medical
teams, Dr. Sinsky [AMA VP of Professional
Satisfaction] said she had found that 70%
to 80% of physician work output could be
considered waste, defined as work that
doesn’t need to be done and doesn’t add
value to the patient.

AR
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Beresford, L. (2015, 23 Oct) AMA's Christine Sinsky,
MD, Explains EHR's Contribution to Physician Burmout
The Hospitalist. http:/fwww.the-
hospitalist.org/article/amas-christine-sinsky-md-
explains-ehrs-contribution-to-physician-burnout/



{ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

December IPR Review

Will the CCS get its information from the EHR? How will CCS enter
data into the EHR? (GPM3)
What steps remain for CCS to pull/push information from the EHR
or other devices? (GPM3)
What is your plan to integrate the CCS with Cerner? (GPM3)
Is CCS an application, or does it include hardware? (GPM6)
Will CCS be FHIR compliant? (GPM6)
How will CCS visualization of critical care patient information
complement, supersede, or otherwise integrate with Cerner
visualization?

«  How will clinicians use CCS and Cerner/EMR? (GPM6)

“ARA
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Data Transfer Between CCS and Cerner EHR

Will the CCS get its information from the EHR? How will CCS enter data
into the EHR? (GPM3)

Through an HL-7 bridge, CCS can function platform agnostic, able to
exchange information from the Cerner EHR as well as other devices and
databases
Machine learning (ML) algorithms can fuse data from multiple sources,
just like the interface it can pull data from the EHR and reason about it.

+ Qutputs from ML can be added into the EHR as notes or potentially
existing fields.
ML can also can track how clinicians use the CCS interface, enabling it to
better learn how information is used and evolve its presentation in
response to clinician use patterns, typical needs, and opportunities
Data can be entered in the CCS when we are approved to develop the
data entry feature

“ARA
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

CCS Link to Cerner EHR: Steps Remaining

What steps remain for CCS to pull/push information from the EHR or other
devices? (GPM3

Complete the data entry feature (not possible during research phase)
Link CCS to Cerner through an HL-7 bridge

Install and refine AISR’s Integrated Data Exchange and Archival System
(IDEA) module

Map devices to the IDEA module
Review device mapping through
IDEA/CCS

ROLLO02:Simulated Patient Data 11:01:32

@ HRH IDEA Clinical Client screen

© WWW.ar3.Com 2010 Appied Resesrch Assacstes, nc. ARA Proprietary 7

INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

How the CCS Can Integrate with Cerner

What is your plan to integrate the CCS with Cerner? (GPM3)

CCS Integration Plan will include several steps from planning to
connectivity setup & testing, functional testing, integration testing and
production:

Setup a meeting with Cerner’s integration team (Interface, Security, HIPPA,
Policy)

Identify available inbound and outbound interfaces

Define key initiatives, milestones, workflow and schedule

Document Cerner’s interfacing policies and procedures, including encryption
to ensure HIPAA compliance, protecting patient data

Get data documentation and sample messages, API calls and data structure
formats

Perform final data mapping review and acceptance with Cerner

“ARA
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! INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

The CCS Can Comply with FHIR

Will CCS be FHIR compliant? (GPM6)

.

CCS is not proprietary, so ARA can ensure FHIR (Fast Healthcare
Interoperability Resource) compliance

CCS use of HL-7 architecture for FHIR standard will enable
platform independence

ARA has experience with getting software CCHIT (Certification
Commission for Healthcare Information Technology) certified

Dr. Goldman is a colleague and we would welcome the opportunity
to talk with him

The Army Institute of Surgical Research (AISR) testing facility can
rapidly adopt standards and ensure compliance

@AR
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INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

CCS Visualizes Salient Data

How will CCS visualization of critical care patient information complement,
supersede, or otherwise integrate with Cerner visualization?

CCS integrates with Cerner by:
Integrating multiple data sources into a common view and automatically
populating the Cerner EHR instead of requiring manual entry
Enabling the system to evolve as equipment, needs, and opportunities evolve

CCS complements Cerner by:
Translating EHR data into clinically relevant information design
Finding meaningful patterns in data through machine learning
Making it possible to tailor views to clinical roles, individual preferences
Supporting team consensus and common ground through messaging
Learning from clinician use of the CCS and propose improved information
designs, representations
Cutting need tor clinician training to a small fraction of time and cost
Matching clinician trend to use phones, tablets, etc , to support work

@AR
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{ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

How Clinicians Use the CCS
How will clinicians use CCS and Cerner/EHR? (GPM®6)

Upon Opening CCS a Clinician will: :
+ View a unit status with patient IDs including trends | EEQQQQQE

from CCS ML (current) Ed =
+ View status for assigned patients, with salient Q Q

data from Cerner (current) p
« Read and update notes on patient from Cerner E : _‘[I'

database (current) - ‘E

» Correspond with care team (shown in CCS)
through CCS messaging (current)

« After patient exam, enter notes and orders in
CCS, populating Cerner (prospective)

+ Brief patient condition using CCS [patient view],
with Cerner data (current)

« View patient trends (using CCS ML), based on
data from Cerner (in progress)

@ * www.ara.com © 2016 Applied Research Associates, Inc. ARA Propristary 1

{ INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

How Clinicians Use the CCS
How will clinicians use CCS and Cernet/EHR? (GPMS6)

CCS provides a Clinician with:
A single software interface to view all patient data
A single view of patient and unit data through the CCS interface

CCS will provide a Clinician with:
A single entry point for data exchange data with Cerner and other applications
A reduction in data-entry requirements
Access to data from multiple sources, systems, and devices
Self-learning interface that improves data display based on actual clinician use
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Electronic Health Records and Clinical Decision

Support Systems

Impact on National Ambulatory Care Quality

Max J. Romano, BA; Randall S. Stafford, MD, PhD

Background: Electronic health records (EHRs) are in-
creasingly used by US outpatient physicians. They could
improve clinical care via clinical decision support (CDS)
and electronic guideline—based reminders and alerts. Using
nationally representative data, we tested the hypothesis
thata higher quality of care would be associated with EHRs
and CDS.

Methods: We analyzed physician survey data on 255 402
ambulatory patient visits in nonfederal offices and hos-
pitals from the 2005-2007 National Ambulatory Medi-

more likely in the West and in multiphysician settings
than in solo practices. In only 1 of 20 indicators was qual-
ity greater in EHR visits than in non-EHR visits (diet coun-
scling in high-risk adults, adjusted odds ratio, 1.65; 95%
confidence interval, 1.21-2.26). Among the EHR visits,
only 1 of 20 quality indicators showed significantly bet-
ter performance in visits with CDS compared with EHR
visits without CDS (lack of routine electrocardio-
graphic ordering in low-risk patients, adjusted odds ra-
tio, 2.88; 95% confidence interval, 1.69-4.90). There were
no other significant quality differences.

cal Care Survey and National Hospital Ambulatory Medi-
cal Care Survey. Based on 20 previously developed quality
indicators, we assessed the relationship of EHRs and CDS
to the provision of guideline-concordant care using mul-
tivariable logistic regression.

Results: Electronic health records were used in 30% of
an estimated 1.1 billion annual US patient visits. Clini-
cal decision support was present in 57% of these EHR
visits (17% of all visits). The use of EHRs and CDS was

Conclusions: Our findings indicate no consistent asso-
ciation between EHRs and CDS and better quality. These
results raise concerns about the ability of health infor-
mation technology to fundamentally alter outpatient care
quality.

Arch Intern Med. 2011;171(10):897-903.
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CCS Would Save DoD Money and Time

@AR

www.ara.com

CliniComp Essentris EHR
Weeks of training

©2018 Applied Research Associates, Inc. ARA Proprietary

[ 1 Patens -Views ~ poi Poess - D O @ OO @ & @ Esson

75
20801
LEIEEY

T T")
;

Units. = TEST1 | ROBN PAUL

RO | o m—

e [EE CRR

L&

Apple iPhone
No training



INNOVATIVE SOLUTIONS TO COMPLEX PROBLEMS

CCS & Cerner EHR
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ARA Would Maintain CCS Connectivity

We are well-qualified and experienced with ongoing technical
support for government systems, including SEI CMMI Level 3.

We stand ready to assemble and manage a similar team of
technically qualified professionals to support CCS connectivity. The
support team will be set up to:

= Monitor - Track new device additions within the system

= Develop — Provide an efficient methodology to map data
sources to the CCS from all available data repositories (Cerner,
legacy systems, Softmed, Spacelabs, Meditech, Epic, etc.)

= Evaluate - Verify the relationship performs to specification prior
to implementation

= Implement - Install the new device on the CCS interface

4 ARA
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How ARA Would Integrate the CCS

Interface Logistic Strategy

Conpeclivity Setup and Functionality Testing

and Planning Meeting

Testing

+ Confirm that
message/data in the
expected format

+ Setup a meeting with
integration team (Interface,
Security, HIPPA, Policy)

« Setup a test client
environment
« Create a VPN

* Identify available inbound connection to the « Verify that triggered
and outbound interfaces medical facility’s test events send the correct

» Define key initiatives, interface message (HL7 ADT
milestones, workflow and __ | -« Testsending and message is sentwhen a
schedule receiving test patient is admitted,

« Document the interfacing messages and data discharged or transferred)
policies and procedures « Security and HIPPA + Confirm that CCS sends

proper message
acknowledgements when
required by the medical
facility's interface

+ Get data documentation compliancy
and sample messages,
API calls and data

structure formats

v

Integration Testing

Test Production Procedures Production

& Documentation
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How ARA Would Integrate the CCS

Interface Logistic Strategy Connectivity Setup and Functionality Testing
and Planning Meeting Testing

Integration Testing Test Production Procedures Production
& Documentation

« Message is properly Finalize and post Setup the live client

integrated into CCS procedure environment
« Appropriate Alerts, documentation for - Setup live VPN
Flags and the medical staff connection to
Notifications are + Test downtime medical facility
triggered procedures + Repeat Functionality
+ Test business P + TestLogging e and Integration
processes and data + Setup and Test Testing with live data
integrity backup procedures « Confirm that key
+ Perform Load Testing initiatives, milestones

and workflows were
met and are in place
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ARA is Ready

Capable Development Team:
3 Database Administrators and Architects
4 Software Architects
12 Developers and 4 Testers
Understands Essential Technologies:
Multiple Applications that interface with multiple data structures
o Excel, XML, JSON, PostgreSQL, SQL server, Oracle
+ Interfacing and importing External Data sources
o RADM, NMRS, SKED, MPTE
Experlenced with EHR Interfacing::

Two of our team members have over 25 years combined experience
designing and implementing EHRs and interfacing with hospital software
systems, through the use of HL7 interfaces and web services

+ Cerner, Epic, Meditech, eClinicalWorks and GE

% ARA
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Summary

We have responded to each question the IPR posed in December
CCS and the Cerner EHR complement each other
CCS interface is a match for clinical cognitive work

ARA can maintain CCS connectivity with Cerner EHR, devices, and
other data sources

ARA is qualified and ready to transition the CCS to development

ARA asks for DHA support to:
1-Fund CCS bridging project proposal

2-ldentify program office, Integrated Product Team for CCS
3-Initiate handshake with Cerner/Cerner POC

“ARA

Www.ara.com © 2018 Appiied Research Associates, Inc. ARA Propristary 20



CCS Requirements and Transition Plan

ARA proposes a bridging project to develop functional
requirements for TRL 6.

- Feature maturation (data entry, scheduling, checklists, ML, device integration)
- Clinical generalizability (create, test interface in additional setting)
+ Preparation for transition (apply for FDA device certification)

CCS (TRL5) can be ready for an MDD within 12 months if needed

- Entry into Decision Gate depends on bridging work to address remaining
functional requirements to reach TRL 6
+ Operational fielding to Level Il MTF (CSH) possible through CDID

The CCS directly supports the goals of PEO DHMS

- Modernize the Military Health System (MHS) electronic health record (EHR)
- Establish seamless medical data sharing among the Department of Defense
(DoD), the Department of Veterans Affairs (VA), and the private sector

ARA
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We welcome your
comments and questions

Christopher Nemeth, PhD Principal Investigator
Gregory Rule, PE Project Manager
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14. Acronyms

Acute Respiratory Distress SYNArOME ...... ccccoceies coivriveres coveieeriens sveeeseesreseeseeseenes ARDS
Army Medical Research & Material Command’s .. .......ccce vovvenevins v USAMRMC
Application Programming INterface ......... .o voeiiiiies e e API
Applied Research ASSOCIALES, INC.....ccccvvies coviriieies crerreies creeeeriens seeee e e seeee e ARA
AMAZON WED SEIVICES ... wiiviriiiet cieriiiieiies cerienieies stestesiees crtesreneees cateseereeseeseeseeens AWS
Burn INtensive Care UNIT ........ccc. cooiiiiie s et criesieniees coresiesesesie e BICU)
Clinical Decision SUPPOIT SYSTEIMS......cccves voeiieriens verieeiens crvseeienes eeeeseeseesseeeessenees CDSS
Charge NUISE ROUNGS ... .ocvevvies oriiiiieies crteiieeiens sevsieesies sreseeeenes eeseessessesseseessenses CRN
Cognitive Systems ENQINEEIING ... ....ccoviis ot et erierieniee e CSE
Cognitive Task ANAIYSIS. ....cccviies oo et cereeies crseeree s eeee e ee e CTA
Cooperative CommuNICation SYSIEM ........ vocvviveriers vvrieriens cereerienes eeeeseeseeseeeeseenes CCSs
Combat SUPPOrt HOSPILAD .......coes ot et et e et CSH
Continuous Renal Replacement Therapy... ..ccccceccees vovvveriens vovveerienes ceeeerieseeseeeeeseenes CRRT
Defense Health AQENCY .. c.vcoiviis ciereiiis ceerierieees eriesieees erteseenies cereeeesreseeseeneeneens DHA
DO NOt RESUSCITALE .....vovv evveiiies ceeriiiieiies crerienieiees sresiesiees crresreseees caresteseesessessessesens DNR
Defense Business Information TeChNOIOgY .........cce. vovvereies coevierieies e DBIT
Department OF DEFENSE ... c.vccveviis coeriiiis e ereseees ereseenes crreeee e e seeneeneens DoD
BIQENVECIOS ..o.viiiieiiciiit ceeieiiiies cieisienies ceeiestestes srestesteses cerestestees cetestessesessestesseneans EVs
Electronic Medical RECOIT .......... coovviiiies coieiiiiies st ettt cetesie e EMR
Event Sequence Alignment and CIUSIENING ....cccvvve covverieiis ceveeieies ceeeie e eeenie e ESAC
Extra Corporeal Membrane OXYgenation .. .....ccccccve covverieres coveeriiies ceeeiesieseseesieneens ECMO
Federal Information Processing Standard.. .......cc.cc. vovvievienes ovivinieies e (FIPS
Forward SUrgical TEAM .. ...cccvciies ot crrieieiis erieeiees ereeeenes ceeeeesresreeeeneenrens FST
Graphical USer INTEIFACE . .....ccvccvs corvvieies ceievieeies cevieeiens crrsreeeenes eeeeeeseesreeeeneenees GUI
INEENSIVE Care UNIT ..ot ot it et ertenie s sresteste s sresreseeesreseeseeneenes ICU
INTOrMALION ASSUFANCE. ... .oiiiiiis ettt ettt nies et iees srerbe e ees sbesbe e e e eie b e neens 1A
INfOrmation TeChNOIOQY . ....vocvies s e e e e IT
INFOrMALION ASSUIANCE. ... woviiiiis eeiirieiies erterie s ertesieites sresresreees sresreseeesresreseeneens 1A
Institutional REVIEW BOAIU .......... ccciiieiis ceririeiies erieiieiies creniesieies sresteseeessesreseeseens IRB
JOINt Program COMMITEEE .....ccecs ceeriiiies eririieies crerteeies cetereeies srreeesae e sreeee e s JPC-1
Mean Weighted ADSOIULE EFTOF ... ....ccccvies cviiriiiies cerieiiees ceterieriees cerenieseeresee e MWAE
Multivariate Analysis Of VarianCe ..........cc. covvcvviiet covviiiies e e MANOVA
Military Treatment FACIlItIES ....... cocoviiivis i e e e MTF
MaACHINE LEAIMING ..cvveiviit cveieriint crievieriiss ceertesteaes estesseees esreseesees sareeseessesseseeseessens ML
Natural Language PrOCESSING ...... ccccceveeries coerieriiries sesierieies ceresteseees ceresseseesessessesseneens NLP
NO-COSt EXIENSION ...t ittt ettt sttt et crbente e core b sesie e sre e e NCE
Period Of PEIfOIMANCE ... c.cociiies it it et ettt e PoP
Phases of 11Iness Paradigm StUAY . .......cccce. voeiiiiies coiriiinis e e POIP
Principal Component ANAIYSIS ... ..cccveiees vivvieieiis ceveeiieies eveeienies ceeeee e eee e PCA
Resilient Health Care NEtWOrK ... ....cccciies coiiiiiies e et e RHCN
Scientific Systems COMPANY INC. ....ccviiis oviiiiiiiis e e e SSCI
Sequential Organ Failure ASSESSMENT ....... cccccviieris eiereries cerierieriene erteseereeese e seeneas SOFA
SITUALION AWAIENESS ....ee. ceveiiiiiis et ceierierte s ceiestesres erbesreneese eabesreneesesresbesreneas SA
Structured QUENY LANGUAGE ......c.. worviveiriet veeteiiieies cierisieiens erieienieies sreesieseseesesessesennes SQL
Standard Operating ProCEAUIES.... .....ccovet veeririies ceririeiins e e SOPs
Systematized Nomenclature of Medicine -- Clinical Terms ...........c. coovevvevivviveiveriennn, SNOMED CT
Telemedicine & Advanced Technology Research Center ... .....cccccce. vovevevvieveeiienienn, TATRC
United States Army Institute of Surgical Research . ........c.c. vt v, USAISR

U.S. Army Medical Research & Material Command’s ....... cooccvvvens covevvieeninnnennenenns USAMRMC
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