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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-PI 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. An integrated 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 Illness 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 
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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 

Phase 1  

Developed a valid understanding of the Burn ICU work domain, and individual and group cognitive work: 

Task 1.1:  

Initial Observation of the Burn ICU 

Through observation and informal interviews, ARA identified care 

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:  

CTA Structured Interviews and 

Observation 

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

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

clinicians identified the processes, tools and cognitive artifacts, and data 

they use during their patient care and unit management activities. 

Task 1.3:  

Integrated Data Analysis and Model 

Development 

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

representations of the BICU cognitive work, information sources and 

clinical team members. 

Task 1.4:  

Decision Model and Design 

Requirements 

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

requirements that are necessary for care management in the BICU. 

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:  

Scoping and Planning 

ARA and USAISR translated the Phase 1 findings into detailed software 

requirements. 

Task 2.2:  

Analysis 

The ARA and USAISR analyzed software requirements and developed 

preliminary information designs of user interfaces and architecture. 

Task 2.3:  

Design Phase 

ARA and USAISR developed the software designs including coding and 

communication details. 

Task 2.4:  

Implementation, Integration and 

Testing 

ARA and USAISR performed routine testing throughout the software 

coding effort. 
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Phase 3  

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

Task 3.1:  

Participatory Design 

ARA and USAISR developed initial scenario drafts. We reviewed initial 

concepts with AISR clinicians. 

Task 3.2: 

Evaluation Testing 

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

assess the CCS prototype concepts. 

Task 3.4:  

Usability Assessment 

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

determine how well the CCS supported individual decision making. 

Task 3.3:  

Validation Testing 

ARA and USAISR developed two scenarios and used them in simulations 

at AISR to determine how well CCS supported team decision making and 

communication. 

Task 3.5:  

CCS Clinical Implementation and 

Transition 

ARA and USAISR identified the transition requirements and submitted a 

draft transition plan for the completed prototype CCS. 

b. List of CCS Deliverables

 Approved Human Use Protocol: Final approval completed February 27, 2013, Amended protocol approved

April 30, 2013

 Interview Guide: Developed January 2013, refined May 2013

 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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  c. Project Gantt Chart:
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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. (2016, 

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
th

 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
th

 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
th

 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  I.) 

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 I.) 

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. Albuquerque. (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: 

 an archive of health care research,  

 a compilation of literature from earlier in the project,  

 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: 

 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:  

 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.  

 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  

 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:  

 The system shall enable team members to push data to multiple systems through one data entry 

process.   

 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:  

 The system shall enable team members to designate patients as unstable/high risk.  

 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:  

 The system shall provide a time-history of trend information at selectable time scales for key patient 

measures/parameters. 

 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). 

 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:  

 The system shall enable caregivers to select, modify, and annotate completion of prerequisite steps. 

 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 

this particular moment, for this patient, and this 

situation/aspect of care. 

Nothing currently: There is very little support for this 

component of cognitive work in current IT systems; in 

fact, the flood of detailed data makes this cognitive task 

much harder than it might otherwise be. 

Managing Attention – clinical providers need to 

figure out where to focus attention and how to 

filter out what is not so important.  What 

information to seek and/or notice is a critical 

aspect of cognitive work in this clinical setting. 

What would help? Clinical systems that can respond to 

just-in-time information needs and that help people focus 

their attention on the important data/information at any 

given point in time and circumstance.  

Reducing uncertainty; managing the 

ambiguity that is inherent in highly dynamic 

environments such as the BICU. 

Timely, accurate information; ability to get to the 

particular info needed ‘right then’ efficiently; IT that 

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. 

 

 

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 eICU 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 API uses open standards including Representational State 

Transfer (REST) and JavaScript Object Notation (JSON). ARA developed the CCS User Interface (UI) 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 (UI) 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 UI 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 UI 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. 

 
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.  

 
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), GI, 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 (GI) 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). 

 
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. 

 
FIGURE 8. VENT TAB 
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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. 

 
FIGURE 12. GRAPHICAL ORDERS WIDGET 
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FIGURE 13. ORDERS VIEW SHOWING ORDER DETAILS 

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). 

 
FIGURE 14. MESSAGING WIREFRAME. 

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.  

 
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). 

 
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 17. MESSAGING PATIENT SELECTION 

 
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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FIGURE 19. MESSAGING FEATURE 

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. 

 
FIGURE 20. TASK LIST 
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Checklist. The checklist (Figure 21) was 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. 

 
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 

task allocation and reallocation throughout the day can optimize how unit resources are used to meet patient needs. 

 
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.  

 
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: 

 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). 
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 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 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). 

 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.  

 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. 

 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%).   

 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 PHYs, 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 

Scenario 1- Preparation for Surgery 

Legacy CCS 

(slowest) 

CCS 

(median) 

CCS %faster 

 

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 I/Os, what do you recommend 

for fluids: increase, decrease, or remain the same? 

3:25 4:00 1:27 58 

2--Based on his glucose levels, do you recommend that he be 

started on an insulin drip? 

0:53 :45 0:25 57 

3--Based on the patient’s lab values, do you think he should 

be started on CRRT? 

2:45 5:25 1:04 61 

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.     



W81XWH-12-C-0126 

 

38 

  



W81XWH-12-C-0126 

 

39 

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: 

 Identification of the facilitator(s) and their roles in the scenario 

 How to treat the simulated patient as if he/she were a real patient 

 How to document care for the simulated patient 

 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. 

 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:  

 initiation (delivery) of antibiotic therapy,  

 decision to perform diagnostic procedure (i.e., diagnostic peritoneal lavage or exploratory laparotomy),  

 decision to perform exploratory laparotomy or transition to palliative care, 
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 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 

to sepsis, unknown source 

10:43  Res- Suspect sepsis  

 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 

courses of action 

09:51  Attend-  If he gets worse we’re going to code 

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 

Messages 

Nurse- 

initiated 

Percent to 

Multiple Recipients 

Longest 

Thread 

Median Response 

(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 

decisions. 

Legacy 

Novel 

4.667 

6.000 

1.211 

1.2649 

6 

6 

I am confident in my decision / 

recommendations using this system. 

Legacy 

Novel 

5.000 

5.667 

0.8944 

1.3663 

6 

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. 

 
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 UI. Eight key components of the system are: 

1. Data Explorer 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. 

2. Data Sync, & 

Staging 

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. 

3. NLP Concept 

Parsing 

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 ICD-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 

Layer 

This component provides structured access to data repositories. Because the data in the 

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 

Analytics 

These components are used to directly support interactive features of the UI, where 

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 

Analytics 

These components read in-time series patient data and write out aggregations, 

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 

Analytics 

These components use ML to model temporal sequences where the ordering and 

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 

Analytics 

These components compute correlations between factors in the data to learn models for 

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 

Analytics 

These components instrument the CCS ML system so that we can measure 

performance, identify issues, and better estimate scalability and stability. 

a. Use Cases 

During Phase 3 we addressed three key use cases: 

 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 

FOR WELLNESS POINTS FOR EACH COMBINATION OF 

WINDOWING AND ALIGNMENT 

Point MWAE* 
Window 

Only 
Full Stay 
Aligned 

Full Stay 
Clustered 

Simple Mean 0.031 0.036 0.025 

Expert Directed 0.015 0.012 0.014 

PCA Derived 0.024 0.019 0.022 
 

TABLE 14. MWAE FOR WELLNESS TRAJECTORY 

SLOW FOR EACH COMBINATION OF WINDOWING AND 

ALIGNMENT 

Slope MWAE 
Window 

Only 
Full Stay 
Aligned 

Full Stay 
Clustered 

Simple Mean 0.006 0.006 0.010 

Expert Directed 0.003 0.003 0.005 

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 

 

 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 UI. 

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 
Condition 

Modified SOFA 

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 

relevant to SME. This is due to low death rate in data. 

The ML model assessed this patient’s Wellness 

relatively close to the SME’s estimates. 

  

FIGURE 25. SAMPLE OF TWO PATIENT’S WELLNESS TRAJECTORIES FOR COMPARING EXPERT 

ASSESSMENT (RED), MODIFIED SOFA (GREEN), AND OUR WELLNESS CONDITION (BLUE). 

 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 UI 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 
(>day 1) 

CR 

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 AI) 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 



W81XWH-12-C-0126 

 

54 

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 

Illness 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 II 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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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 Legends, and Tables 

 

 

 

 

Figure 1: Novel IT System Prototype Patient View 

Copyright © 2016 Applied Research Associates. Used by permission. 

 

 



 

 

 
 

Figure 2:  Novel IT System Text Messaging Feature 

Copyright © 2016 Applied Research Associates. Used by Permission. 
 

 

 

  

 
Figure 3:  Usability and Validation Assessment on the BICU 

Copyright © 2016 Applied Research Associates. Used by Permission. 
 



 

 

 

 

 

 

 
 

Figure 4. Process Model of Intervention   

Copyright © 2016 Applied Research Associates. Used by Permission. 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

Figure 5. Effort ratings for key tasks by role. 

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

Team Day 0 Day 1 Day 2 

1 Orientation Sepsis Scenario 

Legacy IT System 

ARDS Scenario 

Novel IT System 

2 Orientation ARDS Scenario 

Novel IT System 

Sepsis Scenario 

Legacy IT System 

 
 
 
Table 2: Validation Assessment Scenario Key Decision Points 

Scenario 1 
Abdominal Sepsis 

• initiation (delivery) of antibiotic therapy,  
• 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 

 

Scenario 2 
Severe ARDS  

• initiation (delivery) of antibiotic therapy,  
• paralyze the patient,  
• 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 

 

Scenario 1- Preparation for Surgery 

n=1 

 

n=20 

(median) 

 

1--Is the patient’s hemodynamic status getting 

worse? 

164 130.5 199.91 

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 I/Os, what do you 

recommend for fluids: increase, decrease, or remain 

the same? 

205 87.5 84.42 

2--Based on his glucose levels, do you recommend 

that he be started on an insulin drip? 

53 25.5 42.87 

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

should be started on CRRT? 

165 64.5 78.67 

 

         
 
 
 
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. 
(56.3% Agree/Strongly Agree) 

Nurse: 5.2 
Physician: 5.7 

1.3 
1.1 

The system was easy to use to make this decision. 
(48.4% Agree/Strongly Agree) 

Nurse: 4.7 
Physician:  5.6 

1.7 
1.1 

The system enabled me to quickly find the 
information I needed. (56.3% Agree/Strongly 
Agree) 

Nurse: 4.9 
Physician: 5.7 

1.8 
1.4 

It was straightforward to find the information I 
needed. 
(53.1% Agree/Strongly Agree) 

Nurse:  4.75 
Physician: 5.33 

1.8 
1.37 

 
Scenario 2-New Admission 

  

I am confident in my decision/recommendation. 
(70% Agree/Strongly Agree) 

Nurse: 5.85 
Physician: 6.10 

RT: 5.7 

0.67 
0.73 
0.76 

The system was easy to use to make this decision. 
(57.5% Agree/Strongly Agree) 

Nurse: 5.60 
Physician: 6.10* 

RT: 4.8 

1.2 
0.57 
1.31 

The system enabled me to quickly find the 
information I needed. (52.5% Agree/Strongly 
Agree) 

Nurse: 5.55 
Physician:  5.70 

RT: 4.8 

1.2 
1.16 
1.31 



 

 

It was straightforward to find the information I 
needed.(55% Agree/Strongly Agree) 

Nurse: 5.50 
Physician: 6.20* 

RT: 4.9 

1.05 
0.92 
1.37 

 
 
 
 
 
 
 
 
 
 
 
Table 5: Participant Ratings Comparing the Legacy and Novel IT Systems 

Ratings: 1 (Strongly Disagree) to 7 (Strongly Agree) 
 

 

Information Search 

Legacy Better 

(Ratings 1-3) 

Neutral 

(Rating 4) 

Novel Better 

(Ratings 5-7) 

I can find the information I need in 
[the novel IT system] more quickly 
than I can using [the legacy system] 

24.4% 9.7% 65.9% 

I can find the information I need 
more easily than I can using  [the 
legacy system] 

14.6% 19.5% 65.9% 

 

Usability 

   

The [the novel IT system] is easier to 
use than  [the legacy system] 

14.5% 19.% 66% 

I would feel more confident making 
future clinical decisions and 
recommendations using [the novel IT 
system]  than using [the legacy 
system] 

19.5% 22% 58.5% 

[The novel IT system]  supports the 
way I do my work better than  [the 
legacy system] 

17.1% 19.5% 63.4% 

 
 
 
 
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. 

 



 

 

 



 

 

 



 

 

 



 

 

 

 

 

  



 

 

Appendix F. Support for Salience: IT to Assist Burn ICU Clinician Decision Making & Communication. 

IEEE Systems Man and Cybernetics International Symposium. October 2015. Hong Kong.  

 

 

 



 

 

 

 



 

 

 



 

 

 



 

 

 
 

  



 

 

Appendix G.   Abstract: Evaluation Results for a Burn ICU Clinician Decision and Communications Support 

System. The 46th Critical Care Medicine Congress. Honolulu. (In review) 

Authors:  

Jeremy C. Pamplin, MD, FCCM, Maria L. Serio-Melvin, MSN, RN, Sarah J. Murray, MSN, RN, Sena R. Veazey, 

MS, Craig Fenrich, BS, Jose Salinas, PhD, Greg Rule, MS, Christopher Nemeth, PhD,  

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.  

 

 

 

 



 

 

Appendix I.  Abstract: Getting the Message: Health IT Can Improve Team Communication. Southern Region 

Burn Conference., Atlanta. (Accepted) and the 46th 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  

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.  

  



 

 

Appendix J.   Abstract:  Supporting Salience: Valid IT Improves Burn ICU Decision Making, Human Systems 

Division 2017 National Conference, National Defense Industry Association, Sterling, VA. 

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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix K.  Abstract: Evidence of Decision Support for Burn ICU Clinicians. Military Health Systems 

Research Symposium.  

 

 

 

 



 

 

Appendix L. Abstract: NIH‐IEEE Strategic Conference on Point of Care Technologies for Precision 

Medicine.  

  



 

 

Appendix M.  Presentation. High Fidelity Simulation in a Clinical Care Unit is Feasible and Safe. Southern 

Region Burn Conference. Atlanta. 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 



 

 

Appendix N.  Presentation. Getting the Message: Health IT Can Improve Team Communication. Southern 

Region Burn Conference. Atlanta. 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

  



 

 

Appendix O. Support for ICU Resilience: A Cognitive Systems Approach (CSE) Approach to Build Adaptive 

Capacity. Resilience Healthcare Learning Network Teleconference. 13 October 2016.  (Invited speaker: oral 

presentation) and Support for ICU Resilience: A Cognitive Systems Approach (CSE) Approach to Build 

Adaptive Capacity. Resilience Healthcare Learning Network Teleconference. IEEE SMC International 

Symposium. Budapest, October 2016. (oral presentation) 

  

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 

  



 

 

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. 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix R. Evidence of Salience: Burn ICU IT Evaluation Results. HFES Healthcare Symposium. Human Factors 

and Ergonomics Society. 14 Apr, 2016. San Diego. 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Appendix S. Invited speaker: Adapting to Change and Uncertainty. Pediatric Cardiac Intensive Care Society 

National Conference. 11 December 2015.  

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix T.   Presentat ion:  Bui lding Resil ience.  Texas Chi ldren’s Hospi tal .  11 December 

2015.  Houston,  TX.  

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

  



 

 

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. 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

 



 

 

Appendix V. Presentation: A Cooperative Communication System. Defense Innovation Summit, Austin, TX. 

December 2015 

 

  



 

 

 

Appendix W. NIH-IEEE Point of Care Conference Presentation 10 Nov 2015: Valid Point of Care IT for 

Improved Decision Making Precision 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

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) 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

  



 

 

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 

effective decisions, develop treatment 

plans, assess patient progress, and refine 

care management over time to restore 

patient health following devastating injury. 

However, their decisions are only as good 

as the information that is available and 

evident when the decisions are made. The 

way a problem is presented can either 

improve or degrade clinicians’ cognitive and 

macro-cognitive work [1,2]. Critical 

information needed to make decisions is 

routinely difficult to obtain, often 

unavailable, and difficult to share.   Gaps 

among information sources and among 

care providers impede decision making and 

healthcare delivery.  

     Through a Cognitive Systems 

Engineering (CSE) [3] approach (Fig. 1), 

our project team identified 20 key 

challenges and barriers to cognitive work on 

the BICU (e.g., “no means to synchronize 

care”), and translated them into concise 

problem statements and 39 system 

requirements, (e.g., “system shall provide 

access to a plan of patient care, visible to all 

care givers responsible for that patient”). 

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 

 

 

Fig.1: Research design using CSE (Copyright © 2016 ARA, 

Inc.) 



 

 

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 

(e.g., cardio-pulmonary, or cardio-renal). 

Our usability assessment found over 65% of 

42 BICU clinicians preferred the CCS over 

their legacy IT system.   

 

Figure 2: CCS Patient View (Copyright © 2016 ARA. Inc.) 

 

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:    

a. 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. 

b. 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.  

c. 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.  
c. 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. 
d. 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. 
e. 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).  
f. 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: 



 

 

 Use of a single clinical scenario, and requirements that participants complete their task in a fixed 

sequence.   

 Task was deliberately structured to eliminate variability in clinical questions and responses and 

doesn’t not represent full range of the clinical challenge 

 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: 

 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. 

 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. 

 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.  

 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: 

 A clinician’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 

 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. 

 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:   

 Issues that impact the effectiveness of CDSSs include user acceptance, workflow integration, 

compatibility with legacy systems, system maturity, and upgrade availability. 

 Cheaper, non-computerized alternatives maybe equally or more effective in improving care and reducing 

medical errors. 

 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: 

 Evidence from this systematic review suggests that evidence that 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 evaluation is increasing, and show that many CDSSs improve practitioner 

performance.   

 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)1 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 

                                                             

1 Valentine M., Nembhard, I., & Edmondson, A. (2013) Measuring teamwork in health care settings: A review 

of survey instruments. Medical Care 53, no. 4  e16–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: 

 Volume of high-quality data required for state-of-the-art systems and translation of that data to 

machine-readable states 

 mapping of CDSS to existing clinical processes and workflows 

 Focus by large-scale commercial developers on well-structured problems such as order-entry and 

alarms and alert functions 

 Poor interoperability among existing clinical systems that limit development of generic, reusable, and 

scalable CDSS 



 

 

 Systems that are poorly designed and have limited utility due to lack of attention to the socio-

technical context in which clinical practitioners operate 

 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-making2.     

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 

 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.   



 

 

 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) 

 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 

 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 O., 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 

questionnaire, 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: 

 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 

 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). 

 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.   



 

 

 Subjective ratings of SA may reflect participants’ confidence in their SA ( accurate or not) rather than 

providing a true measure of their SA 

 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. 

 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. 

 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.   Init ia l  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:  

 

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

 What does the clinical team need/require to overcome that challenge? 

 What system or display features could help address that challenge?  

 What is the anticipated impact of meeting that requirement on team coordination, efficiency, and patient care?   

 

This Appendix contains the full set of initial requirements, the problems they are intended to address, the system features suggested by requirements, 

and initial ideas about how system features might 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 

 Need to determine optimal timing and 
sequence of activities 

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

 Means to share the plan 

 Means to adapt the plan in real time and 
share changes across the team. 

 Bedside nurse needs to shift the goals and 
priorities 

 Means  to know how changes in orders 
affect/change planned activities 

 Means to know what planned events are 
and who needs to be there 

 Visualization of patient schedule for shift 
(patient x time), shareable across team 

 Ability to sequence or overlap patient care 
activities 

 Configurable patient groupings 

 Prepackaged text to indicate changes to 
schedule (e.g., there’s a ½-hour delay in PT) 

 Sequence, time of planned activities 

 Provide reason for delay, and remedy (using pre-
packaged text) 

 Overview through time, for unit management 

 Visually connect interdependent events 

 Prompt/notify appropriate person when change 
impacts their activity (e.g., when wound care 

 Patients get needed 
care with fewer delays 

 Efficient use of staff 
time 

 Reduces unmet 
treatment plans and 
intentions 

 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  

 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)  

 Clinicians need to be aware that updated 
information is available, particularly re: lab 
cultures 

 System provides news feed from lab about 
cultures.   

 Red/amber/green about status of labs (received 
or not; in progress; completed) 

 Fewer care delays 

 More efficient tracking 
and follow up 

 Better use of staff time 

 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  

 

 Need efficient, accurate way to specify 
meds, procedures 

 Physicians need access to orders from 
Charge Nurse’s checklist 

 Physicians need prompts to enter orders 

 Need indicator of status of order entry (has 
it been placed or not?) 

 Need indicator of status of order (in process, 
completed) 

 Physicians need to be aware when entering 
order that it’s the same as or different from 
previously entered orders 

 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 

 Order pick list and window per patient to 
support real-time order entry during rounds 

 Order status (have orders been received? 
Completed?) 

 Notify others if needed  (e.g., infections control) 

 Provide prompt for delayed order entry (based 
on programmable timing tripwire) 

 Display the information required to make 
decisions about an order available with the 
order (the relevant parameters) 

 Provide molar/aggregated view of delays for a 
given patient 

 System will track (and possibly highlight) when 
an order has been changed. 

 System will provide timestamp for orders 
 

 Fewer care delays 

 More efficient order 
entry and tracking 

 Better use of staff time 
– reduced need for 
repeated follow-ups 

 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 

 Information Management tools and 
processes built around efficient use of staff 
time and effort 

 Minimize staff time required to capture 
information by reducing redundant 
information gathering and entry 

 Minimize staff time spent as the ‘system 
integrators’ who move data from one 
system to another 

 Need ‘user-friendly’ interfaces/systems 

 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 

 System supports capturing and displaying time-
based, patient-based, unit-based data 

 Interfaces support simple data entry and pulling 
information (faster, more efficient 
documentation; errors/disconnects more easily 
spotted) 

 System’s ability to recognize ‘repetition’ when 
new documentation is introduced (e.g., ‘we 
already capture that data over here’) 

 System features that scan new documentation 
requirements for novel 
information/redundancies (don’t just add more) 

 Decreased time spent 
entering, moving, 
repeating, re-entering, 
data 

 More time with 
patients; increased 
ability to attend to 
patient issues and needs  

 Decrease cognitive 
workload 

 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 

 Means to indicate if patient is highly 
unstable (because information for unstable 
patients can become inaccurate in short 
timeframe) 

 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?) 

 Means to know whether orders are in 
process but results not entered into system 
yet (e.g., cultures, lab results) 

 Means to know recency of information 
updates 

 Means to capture and disseminate changes 
to orders that occur verbally within sub-
teams 

 Information should be time stamped  
(Q: which information in particular?) 

 System should highlight recent results—e.g., lab 
results, cultures.  And also highlight orders that 
are in process 

 System should highlight/provide alert when 
orders are changed 

 System should highlight/alert staff to 
contraindications (e.g., patient positioning, 
nutrition) 

 

 Optimized patient care 

 Better use of staff time 
– reduced need for 
repeated follow-ups 

 Reduced reliance verbal 
orders 

 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.  

 Clinicians need trend information 

 Need view of patient that is more than just 
this shift. Both macro level view of 
indicators and over longer time spans 

 System should display trend information for key 
parameters (to be identified by clinical staff) 

 System should provide trend information over 
different time slices 

 Provide access to views of patient beyond 
current 12 or 24 hours 
 

 Optimized patient care 

 Increased ability to spot 
changes in patient 
status, intervene more 
quickly 

 

What clinical staff are 

currently on the unit?  

 Need to know who is available, and where 
to find them 

 Need access to nurse assignments by shift, 
by patient 

 Means to access assistance, guidance, 
decision makers 

 Names of who is working on unit that day, with 
patient assignments by room  

 Call/staff assignment roster 

 Shareable across disciplines 

 Map view of floor and display showing location 
of staff. 

 Allows staff to readily 
know who is available 
so they do not spend 
time away from patient 
trying to locate staff 

 More efficient 



 

 

Problem/Barrier Needs/Requirements System Feature Concepts Anticipated Impacts 

 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 

 Mitigates care delays 

 Can get help when it is 
needed 

Is patient ready for 

upcoming surgical 

procedure  

 Need means to know whether patient is 
prepared for procedure (have they gotten 
blood products, antibiotics, consent, 
pregnancy test) 

 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  

 OR nurse needs procedure specific 
description (need to know more about 
specific information needs) 

 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?) 

 Provide information about intended procedure 

 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 

 

 Means to construct checklist in real time 
(during Rounds) or immediately after  

 Means to post checklist so all staff have 
ready/easy access 

 Means for staff to ‘check off’ completed 
items, makes notes re: hold ups, 
changes/revisions 

 Means for incomplete items to ‘roll over’ to 

 Checklist needs to interact with order and other 
clinical systems 

 Unit level view  that is easy to access and track 

  “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 

 Fewer care delays 

 More efficient order 
entry and tracking 

 Better use of staff time 

 Reflect on/improve on 
checklist performance 

 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 

 System supports task tripwires (e.g., timing).  
Ability to recognize disconnects between orders 
and implementation (e.g., order entered, but not 
reviewed) 

 Provides alerting function when tripwire is 
crossed 

 Tripwires are definable by the staff 

alarm/alert fatigue 

Reliance on clinician 

to mentally integrate 

data  

 Clinicians need a holistic/macro-view of the 
patient’s trajectory (e.g., are they getting 
better or getting worse over last 24 hrs.?) 

 Provide trend data and key indicators (e.g., for 
each of the main bodily systems)  

 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.   Usabi l i ty Memo and Slide Enclosures  

 

 

  
 

 



 

 

 

 



 

 

 



 

 

 

 



 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 



 

 

 

 



 

 

 

 

Enclosure (3)  
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Enclosure (4)  

 

Open Ended Question Responses 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

  



 

 

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. 

 

 

 

  



 

 

Enclosure (1) 

 

Presentation to AISR Science Symposium: A Cooperative Communication System for the Advancement of 

Safe, Effective, and Efficient Patient Care 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

  



 

 

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.  (1st in top row, 2nd, in 2nd 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:   

Step 1: Based on the vital signs and I/Os, what do you 

recommend for fluids: increase, decrease, or remain the 

same? 

 

Expected: Heart Rate, Blood pressure especially 

arterial MAP, Fluids-Albumin, LR, Urine output 

(UOP)] 

Step 2: Based on his glucose levels, do you recommend 

that he be started on an insulin drip (Endotool)? 

 

Expected: Last 24 hours of insulin requirements 

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 

Element & 

Current Time 

Observed Errors/Problems Notes Num Steps 
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5 = 5 & up 
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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 

0= 1-4 

steps  

5 = 5 & up 
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Time: 

   Found 

Found w 

diff 

Did not find 

 

 

 

   Found 

Found w 

diff 



 

 

Time: Did not find 

 

 

 

Time: 

   Found 

Found w 

diff 

Did not find 

 

    Found 

Found w 

diff 

Did 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? 

 

II. 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. 

 

III. 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. 

 

1. Is the patient’s hemodynamic status getting worse  
2. Is the patient’s pulmonary status getting worse?       
3. Is the patient’s volume status getting worse?           
4. Is the patient’s hemostasis status getting worse?      

 



 

 

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.  

 Were there any aspects of the system you found difficult to use? If yes, what were they? What made it 
difficult? 
 

 Was there any information you needed for this scenario, but were unable to find? If yes, what was it? 
 

 Any other comments you would like to make? 

***************************************************** 

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? 

 

 

 

 

 

 



 

 

***************************************************** 

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: 

 Were there any aspects of the system you found difficult to use? If yes, what were they? What made it 
difficult? 

 Was there any information you needed for this scenario, but were unable to find? If yes, what was it? 

 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. Are there 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. If so why?  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 

***************************************************** 

  



 

 

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                      <1 year        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         <1 year         1-3           4-6        7-9      10+years 

     been working on the BICU?   

 

5)  How many years have you         <1 year         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  

    comfort with Essentris?  

1 2 3 4 5 6       7 

    

______________________________________________________________________________ 

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 

 

Is the patient’s hemostasis status getting worse?  1 2 3 4 5 6       7 

 

   

Post Scenario 1  

System Ratings 

 

Please circle the number that  

best reflects your response. 

 

Strongly 

disagree 

disagree Somewhat 

disagree 

Neutral 

Neither 

agree 

Nor 

disagree 

Somewhat 

agree 

Agree Strongly 

agree 

I am confident in my 

decision/recommendation 

1 2 3 4 5 6         7 

 

The system was easy to use to make 

this decision 

1 2 3 4 5 6         7 

 

The system enabled me to quickly 

find the information I needed 

1 2 3 4 5 6         7 

 

It was straightforward to find the 
information I needed to make a 
decision/recommendation 

1 2 3 4 5 6         7 

 

 

 

Scenario 2: Nurse 

New Admission 

 

 

Level of effort to answer this question was (circle) 

low            high 

Based on the vital signs and I/Os, 

what do you recommend for fluids: 

1 2 3 4 5 6       7 



 

 

increase, decrease, or remain the 

same? 

 

We are now at Hour 4 of his 

hospitalization.   

Based on his glucose levels, do you 

recommend that he be started on an 

insulin drip (Endotool)? 

1 2 3 4 5 6       7 

 

We are now 7 weeks post admission.  

Based on the patient’s lab values, do 

you think he should be started on 

CRRT? 

1 2 3 4 5 6       7 

 

  

  

Post Scenario 2 System Ratings 

 

Please circle the number that  

best reflects your response. 

Strongly 

disagree 

disagree Somewhat 

disagree 

Neutral 

Neither 

agree 

Nor 

disagree 

Somewhat 

agree 

Agree Strongly 

agree 

 

I am confident in my decision/recommendation 1 2 3 4 5 6         7 

The system was easy to use in making this decision 1 2 3 4 5 6         7 

The system enabled me to quickly find the 

information I needed 

1 2 3 4 5 6         7 

 

It was straightforward to find the information I needed 
to make a decision/recommendation 

1 2 3 4 5 6         7 

 

 

 

 

 

 



 

 

 

 

Appendix AD.   CCS Straw Man Comparison, April 2016 

Prep for Surgery, Scenario 1, Task 1-- Is the patient’s hemodynamic status getting worse? 

 

Essentris 

ET Activity Verbal protocol 

 Initial screen, vital 

signs to check his 

stability; Began 

scrolling through 

visible data 

He’s lightly sedated. On insulin, They 

stopped vasos,  

 

1:15  On ketamine 

I’m looking at vitals-BP, Temp, tidals, blood 

glucose, pressors, pain meds 

1:23  He’s off vasopressors. 

MAPs are good 

1:51  Based on vitals, he’s ready to go to OR 

2:12 Back to labs H&H, 10.6 is good, platelets are low 

2:44  Based on vitals, he’s ready to go to OR 

 

CCS 

ET Activity Verbal 

Protocol 

 Cardiac tab. 

Looking for 

trends and 

seeing 

what’s 

available.  

HR, BP and 

temp. 

 

“Interesting 

that temp is 

in the 

cardiac 

section.” 

1:20 Looking at F 

and C 

temps, 

vasopressin. 

 

1:30 Looking at 

CVP 

 

1:40  “Not getting 

worse. 

Stable.” 

 

Scenario 1, Task 2-- Is the patient’s pulmonary status getting worse?       

 

Essentris 

ET Activity Verbal protocol 

0:27 Vitals flow 

sheet 

Evaluating sats and 

respiratory status. 

Resp is 22, O2Sat 98. On 

vent, 60%, not spectacular. 

Pressure control mode is not 

annotated. No spike in resp 

  Wish I had ABG 

  He’s not getting worse 

2:30 Labs. Go to vent tab to double 

check.  

3:11  Pressure control is SINV, 

check mode notes with 

pressure support 

CCS 

ET Activity Verbal Protocol 

 Respiratory tab. 

 

 “Elevated respiratory rate.” 

FiO2. “Is the Pt 

mechanically ventilated?” 

“What is BTEXP?” Tidal 

volume expired? 

1:34  PEEP is 8. 

1:37 Found vent 

settings 

. 

1:49 Found bronch 

findings 

 

1:54 Went to vent 

history. Found it 

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 

support. 

2:19 Looked at ABGs. Said “it looked empty.” 

2:37  “I don’t think we are getting 

worse.” 

 

Scenario 1, Task 3-- Is the patient’s volume status getting worse?           

 

Essentris 

ET Activity Verbal protocol 

 I/Os 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 

 

CCS 

ET Activity Verbal Protocol 

 Renal  tab. 

Looked at I’s 

and O’s, fluids. 

Noted Pt had 

some PO intake 

. “I don’t know if this is tube 

feeding or meds.” I see 

ketamine. Pt has a foley. 

0:39 Looking for I’s 

and O’s 

“out more than in.” 

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 I 

and O’s. 

 “It’s positive. It’s only telling 

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 I/Os, what do you recommend for fluids: increase, decrease,  

                                                         or remain the same? 

 

Essentris 

ET Activity Verbal protocol 

 Vital signs, Having issues with Levofed, 

CCS 

ET Activity Verbal Protocol 



 

 

notes on-off 

MAPS no change 

Off hypotensive 

Start albumin at 75 

MAP improved 

1:30  Have to increase fluids to 

verify with labs and I/Os 

2:20 I/O’s Steadily increasing LR 

He’s “in resuscitation” 

3:25  Output increasing 30.12 next 

day. 

Definitely increase fluids, 

don’t need labs. 

 

 

 Renal tab 

 

Looking at I’s and O’s.  

0:27 Looked at fluids “I’ve got LR at 1,000. 

Albumin, so this must be 

active resuscitation.” 

0:47 Looked at urine 

output. 

 “Not enough.”  

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 

lactate. 

“Up in fluids, H&H is 

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 

ET Activity Verbal protocol 

 Vital signs Evaluate blood glucose at 

least 180 

0:53  Yes, I would add glucose 

 

CCS 

ET Activity Verbal Protocol 

 Endo/GI 

 

 

0:12  [Reiterated protocol for 

starting insulin drip.] 

0:16  “Yes, start insulin drip.” 

 

 

Scenario 2, Task 3-- Based on the patient’s lab values, do you think he should be started on CRRT? 

 

Essentris 

ET Activity Verbal protocol 

   

  I will go through urine output, 

BUN, creatinine 

0:47 I/O’s Looking at output, low 40s 

CCS 

ET Activity Verbal Protocol 

 Renal tab 

Looking at urine 

output, BUN, 

creatinine, 

potassium and 

 



 

 

Total I/Os 7k in 

No putting out much.  

1:30  I’m already thinking CRRT 

2:22 Labs K is climbing 

BUN and Creatinine 

2:45  Yes, I would start. 

Lactate isn’t available, I 

would look at ABG 

 

phosphate. 

1:03  “Not yet. Do not start 

CRRT.” 

 

 

 

  



 

 

Appendix AE.  Trip Report to AISR Validation Study, June 2016 

 



 

 

 

 

 

 

 

 



 

 

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 

Abdominal Sepsis 

 

• initiation (delivery) of antibiotic therapy,  
• 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 

 

Scenario 2 

Severe ARDS 

 

• initiation (delivery) of antibiotic therapy,  
• paralyze the patient,  
• 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 

team cognitive activity as the scenario 

proceeds. In the notes section, particular 

points of comparison will matter between the 

Essentris and CCS scenarios. What does the 

team do:  

 

 When they need to find/compare information? 
 When there is a need to communicate? 
 When they need to check trends/patient history? 

 

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? 

 

 



 

 

 

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 

Process, Code Example Definition, Macrocognitive Activity 

 

Search (S)  

 

 

“I’m looking for X.. I’m looking for Y 

and Z info.”   

“Where is… Y information?” 

 

 (as long as they are asking for 

information from the system. 

 

Searching for information in a system (not from a 

person).   

    Uncertainty management-Efforts to overcome 

when something is unknown or not understood.  

    Developing mental models- Mental imagery and 

event comprehension, based on abstract 

knowledge and domain concepts and principles. 

Perceive  

patterns (P) 

 

“I wonder if it’s X kind of thing 

that’s happening.”   

 

 

Person is able to put information together to 

perceive patterns, describe possible future states, 

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  

 

Clarification (C) 

 

 

Question (Q) 

 

Two types of actions: 

 

Clarification: [Push]“I have 

information.” 

 

[Pull] “Do you have information?” 

 

Integration-Merges information 

Coordinating between two or more people 

(within and outside the team).  

    Coordination- How team members sequence 

actions to perform a task. 

    Maintaining common ground-- Ongoing 

maintenance and repair of a calibrated 

understanding among team members  



 

 

Integration (I) with info someone else has 

 

Decide (D)  

     

Order entry for either diagnosis 

(figuring out what the problem is) or 

therapeutic intervention (care plan). 

Document when orders are entered. 

   Problem detection- Ability to notice potential 

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:_____________________ 

 

Time Who Code Note 

    

    

    

    

    



 

 

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    



 

 

    

    

    

    

    

    

    

    

    

    

    

 

 

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 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 



 

 

 

 

 



 

 

 

Appendix AH.  Confirmation of Contract Deliverables Receipt (August 2016) 

   



 

 

Appendix AI.  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 

(CCC) 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: 

 Modernize the Military Health System (MHS) electronic health record (EHR) 

 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 assignment 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,” 

“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.  

  



 

 

Appendix AJ.  Transition: Cooperative Communication System (Aug 2016) 
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