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INTRODUCTION

The development of a civilian corps of first responding emergency medical technicians (EMT)
and paramedics during the past several decades, which was in many ways an extension of that
which has long existed among military corpsmen, has had a very positive impact on the survival
of all types of injuries and acute illnesses. The reality is, however, that the interpretation of a
victim’s clinical problems and therapies instituted are at this time dependent upon the individual
caregiver’s training, judgment, and experience. It is hypothesized that having a virtual physician
present at the scene through the technology of modern telecommunications will have a favorable
impact on patient outcome in many instances. Through the application of telecommunication
technologies, The University of Texas Health Science Center at Houston (UTHSCH) proposes to
virtually bring the physician to the scene of the incident, thereby allowing online physician
evaluation and intervention. .

With recent advances in telecommunication technology, it is now possible to decrease even
further the time lapse between the incident and the institution of appropriate therapy utilizing
digital technology to transmit real time physiologic data and two-way audio visual

communications (see Figure 1). It will be possible to have physicians present on the battlefield or
~ the highway, mentoring the first responding medical personnel which will improve outcomes in
many instances through improved diagnoses, implementation of lifesaving procedures, and
institution of definitive treatments. Wherever possible, new military technologies for combat
casualty care will be integrated into the program.
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Figure 1. Digital EMS Overview




DREAMS™ builds upon an earlier United States Army Medical Research and Materiel
Command (USAMRMC) DAMD 17-98-2-8002, the USAMRMC DAMDI17-00-2-0010
collaborative project at The Texas A&M University System (TAMUS) (January 21, 2000), and
the Advanced Research Projects Agency (ARPA) sponsored project titled “Advanced Fire
Protection Technologies” (June 23, 1995). In the ARPA project, The University of Texas Health
Science Center at Houston (UTHSCH) tested a prototype “Emergency Information Resource and
Response Management System.” This proposal is the no-cost extension to the DAMD17-98-2-
8002 for the period of performance to end October 31, 2003.




ANNUAL REPORT BODY

In line with the scope of work (SOW) for DAMD 17-01-2-0054, this report addresses each SOW
item. Individual items may have references included in the appendices of this report.

a. Work with The Texas A&M University System (TAMUS) to Enhance Current
Technologies within the Digital EMS Vehicle and Associated Hospital Systems. UTHSCH
concentrated work in two main areas to improve the vehicle systems. First, additional
ambulances were put into the procurement process, and detailed medical user testing has begun
on the Digital EMS software and hardware.

During the past project year, UTHSCH completed specifications for the order of 2
additional ambulances. UTHSCH has proceeded with the RFP process for the order of these 2
additional ambulances. This purchase, approved in the DAMD17-98-2-8002 no-cost extension,
experienced delays due to the long build time to correct defective Ford truck chassis and due to
complete new Digital EMS technical modifications for the vehicle TAMUS currently has under
contract with Frazer, Inc.

Quotations have been received for the base Frazer ambulances. Orders have been placed
for 2 additional Frazer units, with Digital EMS modifications to be placed under a separate order
once the TAMUS modifications are complete.

Once final specification changes are completed by TAMUS on the vehicle they procured,
the UTHSCH order will be placed that include modifications specific to the Digital EMS
equipment planned for installation. .

To improve the onboard Digital EMS systems, the UTHSCH medical user test bed was
established at the Institute of Biosciences and Technology (IBT) in the Texas Medical Center,
Houston. Shown in Figure 2, the medical user test bed includes a physician’s workstation and a
mockup of an ambulance complete with cameras and medical monitoring equipment.

Figure 2. Medical user test bed at IBT

Used for both medical evaluation of the onboard systems, and training for both physicians and
emergency medical technicians (EMTs), the medical user test bed will prove invaluable as the
project moves forward to field-testing in the coming year. Through careful study and planning
for how both physicians and EMTs interact with the Digital EMS systems, better operational
protocols will be developed.




The UTHSCH School of Health Information Sciences (SHIS) completed an initial user
evaluation study at the end of the last year. The SHIS study focused on how a medical user
(physician or EMT) would use the system, and how to make the system more user friendly.
Over the past year, the UTHSCH SHIS usability team completed three major tasks.

1. Usability evaluation of Digital EMS Version 1.0. As part of a comprehensive
usability project, UTHSCH conducted a heuristic evaluation of DEMS 1.0 (physician,
paramedic, and driver stations). Fourteen usability heuristics were applied to identify usability
problems. The 14 usability heuristics were violated 161 times (all 3 workstations combined).
Visibility and Consistency are the 2 heuristics with the most violations (48 and 29, respectively).
The next one is Match with 22 violations. There are 6 catastrophic violations that received
severity ratings over 3.50—it is imperative to fix them. Forty-eight violations are major
violations (severity ratings between 2.50 and 3.50) that are important to fix and should be given
high priority. Twenty-seven violations are minor violations (between 1.50 and 2.50) that have
low priority in fixing. Also, there is 1 cosmetic problem that does not need be fixed unless extra
time is available.

The paramedic’s station has the largest number of violations (45). The physician’s and
driver’s workstations had 19 and 18 violations identified, respectively. The average severity
ratings of all 3 workstations is over 2.50, indicating that these are major usability problems that
should be fixed with high priority. For every heuristic violation, a potential solution was
recommended. The recommendations were well received by the developers and most of them
were considered in the revision of DEMS.

2. Performed a preliminary usability evaluation of Digital EMS version 2 mockup.
UTHSCH performed a heuristic evaluation of Digital EMS version 2 mockup that is being
developed to target Liberty County. Fourteen usability heuristics were applied to identify
usability problems. Forty-seven violations were found in the 14 usability heuristics for higher-
level usability design in the mockup. Visibility and Match are the 2 heuristics with the most
violations (13 and 9, respectively). ,

The next 2 categories are Consistency and Language, each with 7 violations. There are 2
catastrophic violations that received severity ratings over 3.50—it is imperative to fix them.
Fifteen violations are major violations (severity ratings between 2.50 and 3.50) that are important
to fix and should be given high priority. Nine violations are minor violations (between 1.50 and

2.50) that have low priority in fixing. For every heuristic violation, UTHSCH recommended a
potential solution.

3. Task analysis of Digital EMS version 2 mockup. SHIS performed cognitive task
analyses on several tasks using the version 2 mockup. The purpose of the task analysis is to

identify deeper usability problems that cannot be identified through heuristic evaluation. SHIS
used hierarchical task analysis, GOMS analysis, and distributed cognition analysis as three
techniques in the tasks analysis. For a task that is not well structured, an alternative was proposed
that is again subject to the task analysis. The current and proposed alternatives are compared to
demonstrate the problem with the existing task and the advantage of the proposed alternative.
The work is still in progress.

Full reports on the SHIS evaluation are included as Appendices 1 and 2. TAMUS is
currently revising the onboard software specific to the Liberty County Emergence Medical
Service (LCEMS) in Liberty, Texas. This is the first of 3 planned field-testing locations, with
LCEMS field deployment scheduled to begin during the first quarter of 2003. The medical user




test bed will be loaded with the revised LCEMS software once completed and will be tested for
user acceptance by SHIS before field-testing begins in Liberty County, Texas.

b. Enhance the Existing Digital EMS System to Accommodate Additional Functionality.
The Naval Research Laboratory continued its motion data collection using the ambulance gyro
(and ambulance satellite terminal, or AST) mounted on a Unites States Marine Corps HMMWV
(See Figure 3). The terminal was then installed on test bed vehicle, a 1988 Ford ambulance
modified to accept the satellite terminal (See Figure 3), for further motion analysis and study.

Figure 3. HMMWY and Satellite Test Bed Vehicles

The AST graphical user interface (GUI) was fundamentally completed, with all modules
tested and operating and providing a simple user interface. Upon direction from the project
manager, no further work will be conducted on this task until the new fiscal year once interaction
with Texas A&M and their software is conducted.

NRL, along with the DEMS program office, developed specifications for the Ku/Ka-band
hub to be installed at UTHSCH, and also assisted in the selection process. UTHSCH released a
RFP on the satellite terminal to be located on the roof of the IBT facility. Proposals were
received and evaluated. The terminal contract is under negotiation currently, with installation
slated to begin in early 2003.

NRL provided input on terminal performance and monitor and control software to Digital
EMS team members.

The NRL GUI was developed with a multi-tiered access, to permit operators access to
some layers, but to only allow technicians access to parameters that could detrimentally affect
the performance of the AST. Task will be extended into FY03.

NRL continues to interact with multiple satellite vendors regarding future Ka-band
opportunities, including Telesat Canada (Anik), Panamsat and Loral Skynet.

NRL has a separate funding agreement with USAMRMC. Complete documentation

regarding the NRL satellite development can be found in documentation submitted under that
award and is not included here.

¢. Evaluate, Select, and Coordinate Decision Support Technologies for Clinical and Non-
Clinical Decision Support Needs of the Digital EMS. No new developments regarding GLIF
adoption have occurred this quarter. We will be talking with investigators at Columbia




University about GLEE (GLIF execution engine) during the AMIA Fall Symposium 2002 in
November, but as a final decision on the expression language has not yet been made, no GLIF 3
execution engine can be developed. Current plans call for the re-expression of DEMS prehospital
care algorithms and protocols as Arden Syntax MLMs during Q2 and Q3 of 2003. The UTHSCH
Digital EMS staff has been tasked to complete this development.

d. Evaluate and Select/Adapt Emergency Medical Data Set and Information Model for use
with Digital EMS. As a first step to the development of the information model and data set to be
used on the ambulances, the Digital EMS staff performed a software functional analysis included
in Appendix 3. The analysis included a software development plan calling for several key
clements to ensure a quality product. These areas are: customer requirements definition,
functional requirements definition, testing plan (includes independent verification and validation
in a dedicated testing environment), and emergency scenario based testing scripts. Together these
elements will provide a foundation to test the Digital EMS software. This document focused on
the documenting of DEMS software development including the interagency interactions (policy
and procedure) specifications and diagrams.

A final data dictionary has been negotiated with our TAMUS partners. TAMUS has the
final implemented data dictionary; however the final proposal from UTHSCH that was used in
the negotiation process is attached as Appendix 4. There are 208 main concepts and 587 codes
that may be used to fill in the coded concepts. In addition to the data dictionary, UTHSCH has
developed a database schema for persistent storage of patient information in an operational
system. This schema may also be used for persistent storage at Liberty County EMS. This
schema is shown in Appendix 5 attached. The design rationale and goals are best stated by
Ms. Vijaya Mekala:

“Prehospital EMS is a system that ensures that patients with acute traumatic and medical
conditions are provided medical care outside the hospital and are transported to an appropriate medical
Jacility. These systems vary in their ability to collect patient and systems data and to put these data to use.
To facilitate the proper usage, EMS systems must have methods of collecting and sharing it with others.
As with other medical specialties, EMS providers also are required to prove their effect on patient
outcome as a justification for their existence. This database is designed in a generic way so that it would
not only collect the ambulance and patient information but also connect to the local hospital database,
Jacilitating research efforts, facilitate billing and reimbursement, and providing valuable information on
other issues or areas of need related to EMS care. The database can be modified and is scalable
according to the needs, constraints, and special considerations of the project. These include, but are not

limited to, any preferred software packages, considerations of business rules, time constraints, and
overall goals and objectives of the completed software.”

e. Develop/Evaluate Online Treatment Protocols. The Liberty County EMS personnel
have adopted new medical protocols which necessitated the recoding of portions of existing text-
based protocols, as reported in the October 2002 TSR. UTHSCH has reformatted these protocols
for display in the Digital EMS systems, and TAMUS has integrated the changes into the software
revision currently underway for Liberty County EMS. See Appendix 6.

As was discussed above, SHIS completed the phase I user evaluation study of the Digital
EMS software. The new LCEMS software will be evaluated by the SHIS team once the
completed treatment protocols are loaded in the IBT medical user test bed. This evaluation is
slated to begin during the first quarter of 2003.

f. Integrate Online Treatment Protocols and Medical Records Information into the
Existing System for Enhancing System Functionality. Integration of the online treatment




protocols and medical records information is still on hold pending the finalization of the data set
and information model and the evaluation of the treatment protocols. UTHSCH and TAMUS
have had a series of joint task force meetings to address this challenge. The 2 partners are in
agreement on the strategic objectives and final goals for integrating treatment protocols and
medical records information, but there are still some initial hurdles to be overcome. UTHSCH
completed data model and data dictionary studies in the past year. These are included as
appendices as referenced above .

8. Enhance the Existing Infrastructure for Supporting a Network of Multiple Digital EMS
Vehicles and Hospital Systems in an Integrated Environment., UTHSCH has formulated an initial
plan for linking Memorial Hermann Hospital (MHH) with private fiber to the IBT facility.
UTHSCH has located space within the MHH emergency room area for placement of the doctor’s
station for the Digital EMS system. UTHSCH has a basic plan for calling the supervising
physicians to the Digital EMS workstation to supervise and coordinate care from an in-route
rural ambulance.

UTHSCH identified the hardware and met with the MHH decision makers to authorize
access to the network in order to create the network link between MHH and the Digital EMS
project. As reported previously, significant concerns were brought to our attention by the MHH
legal team. With continuing delays to security and privacy as a part of the HIPAA regulations,
this goal is taking longer than anticipated to complete. In the next quarter, Dr. James Duke plans
to meet with MHH representatives to define the link between the facility and Digital EMS and to
further define how the Digital EMS system will work within the MHH network.

In support of this effort, UTHSCH has begun the development of a standardized notification
engine to be used to alert the physicians at MHH when a field medic requests assistance.
Ms. Mekala and Dr. Matthew Sailors have been drawing up functional requirements for the
notification system. As part of this effort, Ms. Mekala has conducted an analysis of the Jabber
platform as a potential basis for this system. Her analysis is attached as Appendix 7.

h. Develop and Test a Prototype Digital EMS Vehicle in Diverse Urban and Rural
Settings for Evaluation and Performance Analysis of Integrated Digital Technologies. UTHSCH
and TAMUS staff developed a detailed plan for the deployment in Liberty County, Texas. Plans
for a civilian prototype have been finalized and are moving forward at this time. UTHSCH will
execute these plans in collaboration with TAMUS during the next quarter of the project.

Work to complete human testing approvals for volunteer subjects was completed and
submitted to the USAMRMC IRB at the end of 2002. Consent documentation was finalized
between the UTSCHS and TAMUS IRB along with supporting documentation required by
USAMRMC. Once approved, volunteer testing in Liberty County will move forward in first
quarter 2003. UTHSCH continues to complete the State of Texas community consent
requirements leading to approval for human subjects testing without informed consent in the
cases of real ambulance trauma runs. Specific waiver of 10 USC 980 will be needed from the

Department of the Army Surgeon General to allow this project to follow accepted Texas
guidelines.

i. Evaluation of Life Flight Patient Population to Determine Additional Medical
Functionality Needs. The additional medical functionality added to MHH Life Flight vehicles
has not been fully identified. During this project period, UTHSCH personnel met with Life
Flight for initial meetings for scope of our project in Life Flight’s operations. During the
beginning of the next year, the feasibility study is scheduled to begin.
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While waiting for the feasibility work to begin, the Digital EMS project looked to a peer’s
interest in a novel study on pre-hospital data. Entitled “UT-Capture and Analysis of
Physiological Data for Prediction of Life Threatening Conditions in Trauma Injuries,” and
headed by John Holcombe, MD, this work captured all data from the Lifepaq physiological
monitor carried on the Life Flight helicopters. Once loaded into the flash memory of a personal
data assistant (PDA), a research nurse loaded the patient data into a database without patient
identifiers.

A Web-enabled database system went fully online on June 2, 2002 (hosted at
http://traumavitals.tamu.edu) and currently maintains 600 records including patient history,
lifesaving interventions, and vital signs (if available). The trauma vitals team implemented an
initial database-querying engine in August 2002, with the ability to query the underlying
database for patients based on selection criteria. The system could then export results to a XML
file on local machine through a data viewer/editor finalized completed in November 2002. The
database also allows for the import and export of XML waveform/numeric information for post
processing editing and modification.

This part of the Digital EMS project has been very successful, and has already generated
research interests. Currently there is a team of physicians using the retrospective research
database for their own studies scheduled for completion in the next year.

J-  Study and Facilitate Integration of Existing Emergency Medical Records Databases.
UTHSCH personnel participated in HL7 meetings in this quarter and focused in part on the
application of advanced technology in medical records or hospital database systems. In the
changing environments since HIPAA, security and privacy of medical data could not be over
emphasized. UTHSCH met with authorities at MHH to plan for the integration of the Digital
EMS systems into the existing pre-hospital medical records system. The initial meeting did not
resolve many issues related to the access and security of these data. Initially, data will only flow
from the Digital EMS systems into the MHH clinical data repository using the same HL7-
message-based pathways as other external data sources (such as outside laboratory results).
Negotiations to access a constrained, emergency-medicine specific data set are still ongoing.

k. Develop Methodologies for Using New Local, State, and National Network
Infrastructures for Providing the Digital EMS Vehicles with High Speed Terrestrial Connectivity
fo the Hospital Nodes. UTHSCH personnel participated in HL7 and AMIA meetings in the past
year. Each conference focused in part on the application of advanced technology in medical
records or hospital database systems. :

The effects of HIPAA security and privacy constraints on these networks are still being
considered. UTHSCH plans careful steps related to the medical data in item 11(j) above. This
data will ride not only on the local networks at MHH, but also on distributed state and national
networks. HIPAA compliance remains a significant challenge, and one that UTHSCH and
TAMUS staff continues to address.

L. Participate in Military Tests, Evaluations, and Exercises. UTHSCH personnel await
notification from USAMRMC for a venue for military testing of the Digital EMS system.
UTHSCH plans to participate in the planning and execution of the military tests of the Digital
EMS systems and will travel and participate, where possible, as requested by USAMRMC.

UTHSCH is participating an Integrated Product Team (IPT) tasked to establish
specifications for a military prototype. The IPT, under the direction of Ms. Cheryl Merritt,
USAMRMC, will plan the testing and evaluation of this prototype during the coming year. The
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United States Marine Corps expressed the most interest and will probably be the first ones to use

a military prototype. The schedule and locations of the exercises are still to be specified, but
UTHSCH is ready to fully support the IPT.

m. Evaluate and Pursue Opportunities to Develop and Implement the Digital EMS System
in Disaster Response Scenarios. UTHSCH personnel, in partnership with TAMUS, will identify
opportunities to transfer lessons learned and technologies developed to enhance disaster response
and preparedness. With the action of the newly created Defense of Houston group locally,
Digital EMS is tracking the issue of disaster preparedness in the local area as well as nationally.
This work will continue in the next year.

n. Publish Findings and Results in Appropriate Conference Proceedings and Journals
and Demonstrate Capabilities of the Digital EMS Ambulance. Publications are listed in the
“Reportable Outcomes™ section of this report.

0. Provide Project Progress Reports. Included in text form in this document.




KEY RESEARCH ACCOMPLISMENTS

The University of Texas School of Health Information Sciences:

UTD
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Performed a comprehensive usability evaluation of Digital EMS Version 1.0.
Performed a preliminary usability evaluation of Digital EMS Version 2 Mockup
Performed a task analysis of Digital EMS Version 2 Mockup

Performed a document analysis of emergency medicine as related to Dreams Project.

igital EMS project staff: ’

Leadership in standardizing medical knowledge base representations

Development of XML schemas for clinical expression language

Development of local XML standard for representing algorithms (to be used in decision
tree versions of DEMS EMT protocols).

Refinement of LCEMS protocols to remove ambiguity and ready them for decision tree

and computer-execution engine (final versions will not be generated until execution
engine has been decided on)

Development of pre-hospital / emergent clinical concepts data dictionary
Development of information model for representing pre-hospital / ED clinical encounters
Analysis of Jabber messaging protocol / server for possible use by DEMS.

Requirements study and development of initial requirements documents for a notifier
component.

Design and preliminary development of critical care nutrition assistant.

Initial standardization / logic refinement of LCEMS protocols (old protocols)

Survey documenting state of the science of pre-hospital clinical care algorithms
Standardization of formatting for LCEMS protocols (new protocols) and translation of
LCEMS protocols into form displayable on DEMS computer systems.

Work on developing XML schema to represent clinical decision support knowledge
bases. Based on published ANSI-/ISO-recognized standards.

Development of generic decision support system message XML schema for consideration
by DEMS and Clinical Decision Support Technical Committee (CDSTC) of Health Level
Seven, Inc. (HL7) Schema refined from draft proposal submitted to CDSTC in 2000.

The University of Texas Health Science Center at Houston Trauma Vitals Subproject:
Design and implement a system capable of the following:

Capture a trauma patients critical vital signs from incident pickup until delivery to
hospital
Merge and correlate hospital information and captured data
Provide a research system for extracting data relationships
Web accessible to researchers
Provide a basis for trauma patient injury and research.
Web enabled database system went fully on line 6/02.
o http://traumavitals.tamu.edu

o Currently maintains > 500 patients including patient history, life saving
interventions, and vital signs (if available).
Database querying engine implemented 8/02




o Ability to query the underlying database for patients based on selection criteria.
o Export to XML file on local machine

e Data viewer/editor finalized on 11/02

o Imports/Export XML waveform/numeric information for post processing editing
and modification.

Naval Research Laboratory Satellite Development:
¢ Build Very Small Aperture Terminal (VSAT) - 60 cm antenna, transmit PA = 80 watts.
¢ DSSS waveform for transmit, conventional narrowband receive.

* Modify tracking hardware and software for ambulance use, which required numerous
terminal retrofits due to gyro problems.

Verify and characterize VSAT operation under motion.
Motion study started on HMMWYV, replicated on ambulance in 2002
Feedback provided to terminal vendor for improvements in Fall 2002
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REPORTABLE OUTCOMES

Abstracts and Posters:

Jiajie Zhang, Todd R. Johnson, Zhihua Tang, Elmer Bernstam, Matt Sailors, and Douglas
Tindall. Usability evaluation of a digital medical information system. Poster presented at UT
Houston 2002 Research Day, Houston, Texas, University of Texas Health Science Center at
Houston, November 1, 2002.

Tindall, R. Douglas, Casscells, S. Ward, Sailors, R. Matthew, Bernstam, Elmer V., Galloway,
Carolyn §., and Dukes, James H. Saving Lives in Real-Time: A Pre-Hospital Telementoring
Case. Poster presented at the American Medical Informatics Association (AMIA) 2002
Symposium, San Antonio, TX, November 11, 2002. See Appendix 7.

Mekala, V. Master of Science in Health Informatics, The University of Texas Health Science

Center at Houston, Spring Semester 2002. State of the Science Paper: Computerization Of
Clinical Practice Guidelines — A Review On Clinical Care Algorithm.

Sailors, RM: A Proposed Classification Scheme for Multi-Step Clinical Care Algorithms.

Journal of the American Medical Informatics Association. 8(Symposium Supplement): 1015,
2001. See Appendix 8.

Sailors, RM: ArdenML: The Arden Syntax Markup Language (or Arden Syntax: It’s Not Just
Text Any More!). Journal of the American Medical Informatics Association. 8(Symposium
Supplement): 1016, 2001. See Appendix 9.

Conferences:

Participation in the 2002 American Telemedicine Association annual conference help in Los
Angeles, California. June 1-6, 2002.

Participation in the 2002 Texas EMS Conference in Austin, Texas. November 24-27, 2002.




CONCLUSIONS

Work completed in past year:

Trauma vitals subproject: ‘

A web enabled database system went fully on line 6/02. (hosted at:
http://traumavitals.tamu.edu) and currently maintains greater than 600 patients.including patient
history, life saving interventions, and vital signs (if available). The trauma vitals team
implemented an initial database-querying engine in August of 2002 with the ability to query the
underlying database for patients based on selection criteria. The system could then export results
to a XML file on local machine through a data viewer/editor finalized completed in November
2002. The database also allows for the import and export of XML waveform/numeric
information for post processing editing and modification.

This part of the Digital EMS project has been very successful, and has already generated
research interests. Currently there is a team of physicians using the retrospective research
database for their own studies scheduled for completion in the next year.

Informatics and data modeling

During 2002 the UTHSCH informatics team has been heavily involved in the
development of XML-based representations of clinical knowledge bases and the elemental
expressions (algebraic manipulations) used in these knowledge bases. While many of these
representations will remain strictly internal standards, several have been presented to standards
development organizations for consideration as formal, open standards. Additional work on
standards on standardized decision support system output message formats and notification
components has taken place. The informatics team has also developed information models for
representing pre-hospital and emergent clinical care encounters and an associated concept data
dictionary. The information models and data dictionary’ have been reconciled with an
implementation plan developed by TAMUS.

The clinical protocols that were originally developed by our partner EMS provider have
been logically refined and prepared for clinical use as an online reference source. Our EMS
provider partner has asked that we provide only this functionality in the initial release of the
protocols. Two competing formats for representing these protocols as decision trees have also
been developed. An analysis of these formats and comparison with recently published formats
has not yet be completed.

Local human subjects approval for healthy, normal volunteers has been obtained from
both UTHSCH and TAUMS. Submission for USA approval has occurred.

'A data dictionary is a set of tables that list concept names, definitions, references to standardized
terminologies, and where appropriate the enumerated list of values that a concept may hold, e.g. patient
sex can be “male” or “female.” Data dictionaries DO NOT address how data is organized in any given
instantiation, e.g. a database or encrypted table, nor do they explicitly endorse any specific information
model; they only bound the content space.




Digital EMS vehicle procurement:

During the past year, UTHSCH completed the process for the procurement of two
additional Digital EMS vehicles. The digital EMS team issued requests for proposals and
quotations were received. The actual contracts for the execution of these orders are still being
negotiated, anticipating construction to begin in the first quarter of 2003.

UTHSCH and TAMUS Digital EMS teams are writing testing and training plans for the
field-testing of these vehicles in Liberty, Brazos, and Webb counties within Texas. The goal of
this testing is to operate the vehicles in remote areas with different terrain environments and with
different EMS services. Once this is completed, retrospective study can be done on the research
databases built with prehospital patient data.

" Work to be completed in next year:

The principal trauma vitals subproject goals for 2003 are:
e Make sensor inputs more effective.
Automate data clean up at capture or post processing time — need subject matter expert.
Miniaturize and increase the ruggedness of data collection system.
Establish more effective management of large datasets.
Querying engine for continuous (and semi discreet) data.
Data mining of real time data.

The principal informatics and data modeling goals for 2003 are:
* completion of the decision tree representation of the EMS protocols.
final adoption of computer-interpretable guideline format(s).
representation of EMS protocols in computer-interpretable format(s).
negotiation of a data transfer format and data set with partner hospital.
adoption / development of computerized decision support system engine.
continued work with standards development organization to promote DEMS-developed
tools and methods as formal standards.

* USA and local IRB approvals to allow use of DEMS with actual patients in communities.

The principal Digital EMS vehicle procurement and field-testing goals for 2003 are:

e Completion of the two Digital EMS ambulances.
o Implement the revised Digital EMS onboard software as developed by TAMUS.
o Test the new software and hardware with the SHIS evaluation team.
Train physicians and EMTs on the Digital EMS system in the IBT test bed.
Support the field-testing of the ambulances in Liberty and subsequent counties.
Establish the research prehospital database for retrospective study.

Install and field-test the mobile satellite terminal system developed by the Naval
Research Laboratory
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0. INTRODUCTION

A complete usability engineering project of Digital EMS includes four major components: user,
functional, task, and representational analyses (see Figure 0). Heuristic evaluation, which is
reported in this document, is at the level of representational analysis and it is one of the major
techniques at this level. In this introduction section (Section 0) we briefly introduce these four
analyses. In Sections 1, 2, and 3 that follow, we will report the results of a heuristic evaluation of
Digital EMS. It should be noted that a heuristic evaluation identifies only potential usability
problems in the existing interface. It does not indicate the elements of the system that correctly
follow usability guidelines. Nor does it reveal major missing functionality. Other usability
engineering techniques at the levels of functional analysis, user analyses can indicate what is
right with the system and identify the most appropriate functionality.

User analysis is the process of identifying the characteristics of existing and potential users, such
as expertise and skills, knowledge bases, education background, cognitive capacities and
limitations, perceptual variations, age related skills, cultural background, personality, time
available for learning and training, frequency of system use, etc. User analysis can help us design
systems that have the right knowledge and information structure that match that of the users. For
a distributed human-computer systems, it is critical to analyze the group properties of users, such

as division of cognition and activity, overlap of knowledge and skills, communication channels
and styles, social status, and so on.

Functional analysis is the process of identifying critical top-level domain structures, goals, and
ideal spaces that are largely independent of implementations. It is more abstract than task and

representational analyses because it does not involve details of task processes and representation
details.

Task analysis is the process of identifying system functions that have to be performed,
procedures and actions to be carried out to achieve task goals, information to be processed, input
and output formats that are required, constraints that must be considered, communication needs
that have to be satisfied, and the organization and structure as well as the information categories
and information flow of the task. One important function of task analysis is to ensure that only
the necessary and sufficient task features that match users' capacities and are required by the task
will be included in system implementations. Extra fancy features and features that do not match

users' capacities or not required by the task will only generate extra processing demands for the
user and thus make the system harder to use.

Functional and task analyses are concerned with the functions, structures, and processes of
systems. The interface between systems and users is handled by representational analysis.
Representational analysis is the process of identifying an appropriate information display format
for a given task performed by a specific type of users such that the interaction between users and
systems is in a direct interaction mode. With direct interaction interfaces, users can directly,
completely, and efficiently engage in the primary tasks they intend to perform, not the
housckeeping interface tasks that are barriers between users and systems.
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1. EXECUTIVE SUMMARY

The following report gives the results of the heuristic evaluation of Digital EMR Version 1.0. It
is important to realize that a heuristic evaluation identifies only potential usability problems in
the existing interface. It does not indicate the elements of the system that correctly follow
usability guidelines. Nor does it reveal major missing functionality. Other usability engineering
techniques, such as functional analysis, user analysis, and task analyses can indicate what is right
with the system and identify the most appropriate functionality.

- The 14 usability heuristics used for evaluations were violated 161 times (all three workstations
combined). Visibility and Consistency are the two heuristics with most violations (48 and 29,
respectively). The next one is Match with 22 violations. Note that the Protocol function in

Digital EMS has not been thoroughly evaluated in the current study because it is not fully
implemented yet.

There are 6 catastrophic violations that received severity ratings over 3.50. It is imperative to fix
them. 48 violations are major violations (severity ratings between 2.50 and 3.50) that are
important to fix and should be given high priority. 27 violations are minor violations (between

1.50 and 2.50) that have low priority in fixing. And there is 1 cosmetic problem that needs not be
fixed unless extra time is available.

The Paramedic’s Station has the largest number of violations (45). Note that this number does
not take into account the Protocol function. The numbers of violations identified on the
Physician’s and Driver’s Workstations are 19 and 18, respectively. The average severity ratings
of all three workstations are over 2.50, indicating that these are major usability problems that
should be fixed with high priority.

For every heuristic violation, we recommended a potential solution. Tables 1.1-1.3 and 2.1-2.3
show the details of the violations and recommended solutions.

2. METHODOLOGY

The heuristics evaluation methodology adopted here is a discount usability technique that is used
to identify the major usability problems of a product in a timely manner with reasonable cost.
This technique requires three or more usability experts to independently apply a set of usability

heuristics to a product, identify violations of the heuristics, and assess the severity of each
violation.

The three usability experts (evaluators) for the evaluation of Digital EMS are Dr. Jiajie Zhang,
Dr. Todd R. Johnson, and Ms. Zhihua Tang. They evaluated the user interface and generated a
list of heuristics violations according to the fourteen heuristics described below. This list was
given to the three evaluators who then independently accessed the severity of each violation. The
ratings from the three evaluators were averaged. The averaged ratings are reported. The next two

sections describe the usability heuristics used for Digital EMS and the scale of the severity
rating.




2.1 Usability Heuristics

The following fourteen heuristics were developed by Jiajie Zhang and Todd R. Johnson. The
words in the brackets are the semantic tags for the heuristics.

1.

[Consistency] Consistency and Standards. Users should not have to wonder whether
different words, situations, or actions mean the same thing. Standards and conventions in
web desxgn should be followed.

Sequences of actions (skill acquisition)

Color (categorization)

Layout and position (spatial consistency)

Font, capitalization (levels of organization)

Terminology (delete, del, remove, rm) and language (words, phrases)

Standards (e.g., blue underlined text for unvisited hyperlinks)

o e o

[Visibility] Visibility of System State. Users should be always informed what is going
on with the system through appropriate feedback and display of information.

What is the current state of the system?

b. What can be done at current state?

c. Where can users do?

d. What change is made after an action?

e

[Match] Match between System and World. The image of the system perceived by
users should match the model the users have about the system.

a. User model matches system image

b. Actions provided by the system should match actions performed by users

c. Objects on the system should match objects of the task

[Minimalist] Minimalist. Any extraneous information is a distraction and a slow-down.
a. Less is more

b. Simple is not equivalent to abstract and general
c. Simple is efficient
d. Progressive levels of detail

[Memory] Minimize Memory Load. Users should not be required to memorize a lot of

information to carry out tasks. Memory load reduces users’ capacity to carry out the main
tasks.

Recognitien vs. recall (e.g., menu vs. commands)
Externalize information through visualization
Perceptual procedures

Hierarchical structure

Default values

Concrete examples (DD/MM/YY, e.g., 10/20/99)
Generic rules and actions (e.g., drag objects)

o A o




6. [Feedback] Informative Feedback. Users should be given prompt and informative
feedback about their actions.

Direct perception (7 stage model)
Information that can be directly perceived and interpreted.
Levels of feedback (novice and expert)
Concrete and specific, not abstract and general.
Response time
* 0.1 second for instantaneously reacting
* 1.0 second for uninterrupted flow of though
* 10 seconds for the limit of attention

O /0 o

7. [Flexibility] Flexibility and efficiency. Users always learn and users are always
different. Give users the flexibility of creating customization and shortcuts to accelerate
their performance. ‘

a. Shortcuts for experienced users
b. Shortcuts or macros for frequently used operations
c. Skill acquisition through chunking
d. Examples:
* Abbreviations, function keys, hot keys, command keys, macros, aliases,
templates, type-ahead, bookmarks, hot links, history, default values, etc.

8. [Message] Good Error Messages. The messages should be informative enough such that
users can understand the nature of errors, learn from errors, and recover from errors.

a. Phrased in clear language, avoid obscure codes
* e.g., “system crashed, error code 147”

b. Precise, not vague or general.
* c.g., “Cannot open document”

c. Constructive

~d. Polite

¢ e.g, “illegal user action”, “job aborted”, “system was crashed”, “fatal
error”, etc.

9. [Error] Prevent Errors. It is always better to design interfaces that prevent errors from
happening in the first place.

a. Interfaces that make errors impossible.

b. Avoid modes (e.g., vi, text wrap,). Or use informative feedback, e.g., different
sounds.

c. Execution error vs. evaluation error

d. Various types of slips.

10. [Closure] Clear Closure. Every task has a beginning and an end. Users should be clearly
notified about the completion of a task.

a. Clear beginning, middle, and end.
b. Complete 7-stages of actions.

¢. Clear feedback to indicate goals are achieved and current stacks of goals can be
released.




¢ e.g., dialogues.

11. [Undo] Reversible Actions. Users should be allowed to recover from errors. Reversible
actions also encourage exploratory learning.

a. Atdifferent levels: a single action, a subtask, or a complete task
b. Multiple steps

c. Encourage exploratory learning
d. Prevent serious errors

12. [Language] Use Users’ Language. The language should be always presented in a form
understandable by the intended users.

a. Use standard meanings of words

b. Specialized language for specialized group
c. User defined aliases

d. Users’ perspective

* e.g, “we have bought four tickets for you” vs. “you bought four tickets”

13. [Control] Users in Control. Don’t give users that impression that they are controlled by
the systems.

a. Users are initiators of actors, not responders to actions.
b. Avoid surprising actions, unexpected outcomes, tedious sequences of actions, etc.

14. [Document] Help and Documentation. Always provide help when needed.
a. Context-sensitive help
b. Four types of help
e task-oriented
» alphabetically ordered
e semantically organized
¢ search
c. Help embedded in contents

2.2 Severity Rating Scale

The following scale is used for the assessment of the severity of each heuristic violation.

0 =1 don't agree that this is a usability problem at all

1 = Cosmetic problem only: need not be fixed unless extra time is available onproject
2 = Minor usability problem: fixing this should be given low priority

3 =Major usability problem: important to fix, so should be given high priority

4 = Usability catastrophe: imperative to fix this before product can be released

As a guideline for rating the problems, we consider the proportion of users who will experience
it, the impact it will have on their experience with the product, and whether the usability problem
will be a problem only the first time they encounter it, or whether it will persistently bother them.

A persistent problem with a major impact that most users will encounter will get the highest
severity rating.




3. RESULTS

Figures 1, 2, and 3 show the heuristics violations in Digital EMR along different dimensions. See
the figure captions for explanations. Tables 1.1-1.3 show details of the violations ordered by
places of occurrences for the Paramedic’s Station, Physician Station, and Driver’s Station.

Tables 2.1-2.3 show them sorted by severity ratings. Potential solutions were recommended for
all the violations in the tables.

Frequencies of Heuristics Violations by Heuristics Categories

Counts

Heuristics Categories

Figure 1. The 14 usability heuristics used for evaluations were violated 161 times (all three
workstations combined.) Visibility and Consistency are the two heuristics with most violations
(48 and 29, respectively). The next one is Match with 22 violations. Note that the Protocol

function has not been thoroughly evaluated in the current study because it is not fully
implemented.
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Figure 2. There are 6 catastrophic violations that received severity ratings over 3.50. It is
imperative to fix them. 48 violations are major violations (severity ratings between 2.50 and
3.50) that are important to fix and should be given high priority. 27 violations are minor
violations (between 1.50 and 2.50) that have low priority in fixing. And there is 1 cosmetic
problem that needs not be fixed unless extra time is available.
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Frequencies and Severity Ratings by Workstation
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Figure 3. The paramedic’s station has the largest number of violations (45). Note that this
number does not take into account the protocol function. The numbers of violations identified on
the physician’s and driver’s workstation are 19 and 18, respectively. The average severity ratings

of all three workstations are over 2.50, indicating that these are major usability problems that
should be fixed with high priority.




Table 1.1. Heuristics Violations: by Places of Occurrences

-- Paramedic’s Station

Function:
Section

Problem Description (P)
Recommended Solution (S)

Heuristics
Violated

Severity
Rating |

Overall

P: Function navigation bar is separated from section
tabs within each function. Major functions are located
at the bottom of the screen, whereas the tabs on the
top of the screen represent lower level sections. This
makes it hard to see the connections between the two,
and requires constant moving (and looking) up and
down during navigation. This problem persisted after
we gained experience with the system, indicating that
it will not disappear with experience.

S: Move the function navigation bar to the top, above
the section tabs. Use a two-level tab navigation bar at
the top.

Visibility
Consistency
Match
Memory
Error

3.33

P: Functions “Run Record” and “Report” have a
number of sections that require the paramedic’s input.
It is not clear at all if clicking button “Save Current
Record” (on Run Record: On-Scene) saves all the
information or each section needs to be saved
separately.

S: Provide “Save Data” on each data entry page. This
button should be in the same place on every page. A
more systematic solution is to create a drop-down
menu that contains all the major functions common
for all sections, such as the “File” menu on all
Microsoft products. d.

Visibility
Memory
Consistency
Feedback

3.67

P: There is no visible indication of whether data needs
to be saved or whether it has been saved.

S: If the system does not automatically save after
every entry, provide a salient indication on every
screen that a save is required. One way to do this is by
activating and visually highlighting the Save button
anytime a save is required. If the system autosaves
only when a user switches to a different page, you
must still provide some visible indicator on each page
to let the user know that the data has (or has not) been
saved; otherwise, the user will not know whether or
not the data has been autosaved.

Visibility
Feedback

3.33

P: Pull-down menus in data entry sections also allow
the paramedic to type in information manually, but the
arrow buttons give the impression that one can only
select from the menu.

Visibility
Consistency

233




S: Emphasize this in training; Set default for pull-
down menus as “type or select”.

Run Record: | P: Buttons “Create New Record” and “Save Current | Consistency | 2.33
On-Scene Record” are inconsistent with the rest of the buttons Visibility
‘ and are difficult to see. Match

S: Use a consistent button design. Place “create new | Consistency

record” and “save current record” at the top of the

page, separated from the data fields. Consider adding

a menu bar containing one or more menus at the top

for common and frequent tasks.

P: Patient’s name, currently at the bottom, is difficult Visibility 3

to see, both because of its font size and of its location.

S: Display patient’s name in a more prominent

location (on top, near the section tabs) and in a bigger

font.

P: If no patient’s name is entered, name field only Memory 2.67

displays “,” Visibility

S: The system should designate a default value (e.g.,

patient #1) for patients whose name is not accessible.

P: Create new record does not update the patient’s Consistency | 2.67

name at the bottom. Visibility

S: default to “New Patient.” Feedback

P: Modifying the first or last name creates a Consistency | 3.67

completely new record. Feedback

S: Provide feedback (e.g., display a message) prior to | Error

automatically generating a new record. This should be | Match

associated with the “save” function. Use “save” to

save to current file and “save as” to save to a new file.

Again, the current “save” function needs to be

redesigned.

P: No feedback once “Save Current Record” is Feedback 3.33

clicked.

S: Provide explicit feedback (e.g., change the cursor,

or display a message.) Or completely redesign the

“save” function such as move it to a top menu.

P: If a 2nd record arrives (a new ID is scanned in,) the | Error 3.67

1st record is gone without warning the user. And there | Visibility

is no indication of whether the old is saved or not Undo

saved.

S: Provide explicit feedback (e.g., display a message.)

P: No suggestion on re-saving record once data in a Visibility 3

section is modified.

S: If information in a section is changed, before the

paramedic switches to another function (section),

display a message as a reminder.

P: In the vehicle pop-up menu, if the mouse is on the | Bug 2.33

31




top half of the arrow button when it is clicked, the
menu won’t stay (hitting “van”); if on the bottom half,
then the menu stays;

S: Use radio buttons or small graphics to display
options, instead of the pop-up menu..

Match
Visibility

P: Scan ID in to create a new record. Once you click
on the arrow, the record is gone.
S: fix the bug

bug

Run Record:
Exam/Obser
vation

P: No way to change the image (gender of the patient)
from this page, the user must return to the page
containing demographic data.

S: Set up two radio buttons above the image to allow
the paramedic to change the gender.

Control
Flexibility

P: The question mark besides the Glascow scale is not
clear in terms of its meaning. It should also be put
inside the boundary box surrounding the Glascow
scale.

S: Label the “?” button in text.

Visibility
Memory

233

P: Pull-down menu for consciousness does not cover
the full range of consciousness.
S: Add more options to make the list complete.

Match

2.67

P: The Left, Right Pupil pull-down menus also allow
type-in but each has only two choices.
S: If there are only two choices, it is better to

implement as radio buttons or at least not allow type-
in.

Visibility
Minimalism

233

You can have only one number on the body image,
but it allows you to add more symptom items (Note:
this may not be a usability problem at all if it is ok for
the paramedic to enter symptoms here without
specifying where they are on the body image.)

No connections between the numbers and the GUI
widgets.

Match

1.33

Run Record:
Patient HX

P: What happens if one is allergic to more than one
item in a category (how is the information entered?)
S: Display all allergies in each category and allow the
paramedic to check all that applies; Or ask the
paramedic to type in the fields.

Match
Flexibility

233

Run Record:
Patient TX

P: Medication and dosage/route are not linked (The
latter two are not sensitive to the value in the
medication slot.)

S: Make the options for Dosage and Route contingent
upon input in the Medicine slot.

Consistency
Error

2.67

P: No indication of the format of the time.
S: Specify the format of the time by giving an
example, e.g., 18:45

Memory
Match

2.67




P: The function of the set button following time is not
clear at all. No feedback after it is clicked. What
happens if it is not clicked? Does it have to be clicked
for something to happen? Can time still be changed
after “set” is clicked?

S: Remove it if is redundant.

Memory
Feedback
Visibility

3.33

P: “Responses to TX” is separate from the medication
(listed above.) There could be a number of

medications but there is only one response slot.
S:?

Match

Run Record:
Narrative

P: The function of this section is not very clear.

S: If both the paramedic and the physician can
provide input here, it needs to have two separate fields
for each party for synchronization purpose.

Match

Video/Vital

P: Patient’s name is not displayed. What happens if
there is more than one patient on board?

S: Display patient’s name in a prominent location
(same as with the Run Record function.)

Visibility
Match
Memory

333

Protocols

P: Lots of problems. It needs to be completely
redesigned. Just a few examples of design problems,

1. Structure of the screen protocols appears to be
hierarchical (title with six types,) but in fact they are
parallel;

2. Cursor doesn’t change on html links;

3. When deep in the structure, no indication of the
level;

4. On certain pages, there is an invisible but
functional “back” button.
S: This section needs to be completely re-designed to
conform to web design standards. For example,

1. The first screen should be called “index” page;

2. Always provide a back button on each page.

Visibility
Consistency
Memory
Match

3.67

Map

P: Address fields on the top allow selection by mouse
and appear to be editable, but the user is not allowed
to edit them.

S: Display the information as pure text, not as a text

| box field.

Consistency
Visibility

233

P: On the right panel, Destination, TBD, and Range
are actually pull-down menus but it is impossible to
see this because of low contrast (Background of the

menus is same as that for the whole screen display.)

S: Change their background to increase visibility.

Visibility

P: The middle button of the keypad has two modes
(GPS and scroll.) Exactly what does each mode
mean? Also in scroll mode, clicking on an arrow
causes the mid button to automatically switch to GPS.

Visibility
Memory
Bug

3.33
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S: The middle button should not be used as a mode
button.

Comms P: All the options are not clickable. Besides, the Consistency | 2.67
option button is under ICM but all the rest are located | Visibility
above their respective channels.
S: If options do not serve any function, remove them.
P: On and Off look like radio-buttons, giving the false | Consistency | 2.33
impression that they are clickable. Visibility
S: If this information is redundant with Throughput,
consider removing it completely.
P: Bandwidth is displayed in numbers. It could be a Consistency | 1.67
bit too complicated for paramedics. Match
S: Could be better implemented as graphs.
Report P: Once you click on “report”, the last section in the 2
previous “report” session is the default. There is no
absolute default page (even across patients.)
S: Set a default section.
P: The text entered for one patient is displayed for bug 4
every patient once the patient name is switched. (Is it
saved? Don’t know.)
S: fix the bug
Report: P: Incident does not tell what should be reported; Error 3
Vitals Date: no format indicated; Dispatch (Time): no format | Visibility
Report indicated; when impossible data are entered, the Memory
system gives no error message. It is not clear what the
two “set” buttons mean? Once clicked, time is still
editable.
S: use examples to show the format. Reconsider the
“set” buttons.
P: Can’t switch to another patient on this page though | Flexibility |3
it seems to allow this. Visibility
S: either remove the patient selection drop-down
menu to disallow the switching of patient or make it
switch-able.
Report: P: Patient name and address should be consistent with | Minimalist | 3.33
Billing the information obtained in other sections. Consistency
S: Automatically fill in the slots from input in other Error
sections.
P: Bill To: options as buttons Consistency | 2.67
S: use radio buttons instead of buttons. _ Visibility
P: Options for relationships are not complete. Match 2.33
S: Should include more choices.
P: Zip code slot and tel # slot allow for text as input. | Error 233
S: These two slots should allow only numbers.
Report: P: Date slots are not constrained, and format is not Error 2.33
Release: specified




S: This slot should only allow number input and
format should be indicated

P: No way to input signature.
S: Should this page be printed out and have patients
sign on paper?

Match

1.67

Report:
Transport/C
rew

P: Patient transported to slot should read directly from
map information.

S: Automatically fill in the slots from input in other
sections. )

Minimalist
Memory

2.33

Report:
Report

P: Ambiguous section meaning. Also print to a printer
in the ambulance or in the hospital?

S: Section should be labeled “Print”. Also should
separate “Print” from “Report”. This can be done by
adding a menu bar that includes save, save as, print,
exit, etc.

Consistency
Match

2.67

P: First 5 items are from Run Record, the last 4 are
from Report.

S: Should provide separation between these two
categories.

Consistency
Visibility

233

P: What if there is more than one patient? In Run
record, one can easily choose a patient. In Report, one
can’t do this. The patient is set to whoever is selected
in run record.

S: either allow switching between patients here or
disallow it by not showing the drop-down button.

Flexibility
Visibility

2.67

P: Once a record is created, everything from the
previous report is copied.
S: fix the bug

bug




Table 1.2. Heuristics Violations: by Places of Occurrences

-~ Physician’s Station

Function:
Section

Problem Description (P)
Recommended Solution (S)

Heuristics
Violated

Severity
Rating

QOverall

P: No indication as to which EMS (of multiple ones)
the current record is from.

S: Display the AmbID/patient’s name on EACH
function/section page, and at a prominent location.

Memory
Visibility
Error

4

P: How does the physician know how to divide his or
her time among different ambulances/patients? The
patient list does not provide information for the
physician to determine priority.

S: more information should be provided such that the
ER physicians can make informed decisions.

Memory

3.33

P: All sections within “Run Record” are much the
same as on the paramedic’s station. However, the
normal text fields and pull-down menus (though
deactivated) give rise to the false impression that the
physician can change the data. There is no indication
that they will never be active.

S: If the data are never editable, display them in pure
text instead of in text box fields. If the
controls/buttons can never be used, remove them from
the screen.. If the controls may sometimes be used,
find a way to make these items look inactive and make
sure the users know how to activate them.

Match
Consistency
Visibility

2.67

Run Record:
On-Scene

P: Message displayed beside the vehicle is
inconsistent with the actual action allowed (the
physician should not set anything for the vehicle
involved.)

S: Take away the message and the arrow button to the
right of the vehicle image.

Message
Consistency
Visibility

233

P: The “Refresh Records” button (a function button)
is embedded in the patient’s data and hard to see. Also
clicking this button gives no feedback.

S: Move this button to a more prominent location (at
the top, near the section tabs.) Provide visual feedback
(change the cursor or display a message) when the
physician clicks this button. Or integrate it into a top
menu bar with other major functions such as “save”.

Visibility
Feedback

Videos

P: AmbID is a pull-down menu but is hard to see
because of low contrast; the patient’s name is not
shown here.

S: Change the background of the pull-down menu to

Consistency
visibility
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increase visibility; Move this pull-down to a more
prominent location (top left corner;) Display patient’s
name along with AmbID,

P: Both of the upper two other cameras are actually
menus but look just like text fields.

S: Change the background of the pull-down menus to
increase visibility.

Consistency
Visibility

233

P: Orientation of the human figure is incongruent with
the spatial orientation of the video image.
S: Align the human figure with video image.

Match

2.33

P: Numbers for the preset are clickable but look like
text, not clickable buttons. Once clicked, the feedback
(the number becomes red) is too small.

S: The two should be combined into one clickable
icon.

Visibility

2.67

P: Preset cam #1 does not work, 2 and 3 are working
S: fix the bug

bug

P: The preset is patient-centered while the zoom
control is physician-centered.
S: Pick either one but not both

Match

P: The zoom controls do not provide sufficient
feedback. For example, when the physician clicks a
zoom button, the system gives no indication about the
zoom level. Even when the camera is already zoomed
in or out, the buttons are still clickable. Also, The
meaning of “-” and “+” signs appear to be arbitrary.
S: Display several zoom levels on a zoom bar and
allow the physician to randomly pick one at any time.
Make this control similar to the one used on the
drivers map.

Visibility
Feedback
Error

3.33

P: If caml is on, the physician should have no control
but the controls are still activated and clickable.

S: De-activate camera controls and make sure they are
visually deactivated.

Visibility
Match

2.67

P: Once an area of interest is selected, if the physician
left clicks the mouse, the red boundary disappears (but
the area is still there.) To take away the area, one has
to right click the mouse. '

8: Action should be done by left-click. Right click is
for selection

Consistency

3.33

P: The small and big video windows are out of sync.
Changes do not happen at the same time. The big
video window changes first.

S: fix the bug

Bug?

P: The two other cameras do not have thumbnail
images as the other three.

Consistency

233




S: Provide consistent thumbnails for all cams

Vitals

P: On the middle panel, the “X” button’s function is
hard to determine.
S: Label this button in text.

Visibility

P: On “Auto BP control” panel, one needs to go
through two steps to set interval (first click a number
and then click “set interval™), and once the interval is
set, there is no visual feedback as to which one is now
in effect.

S: Merge the two steps into one (clicking a number
sets the interval.) The number remains depressed to
indicate the current BP interval.

Minimalist
Feedback

2.67

P: Will “Update BP Now” overwrite the automatic BP
setting? How does it proceed (does the paramedic
need to get the BP or does it get from the paramedic’s
data automatically?)

S: the buttons should be redesigned to avoid the
ambiguity.

Visibility
Match
Memory

Did not find “pause” “unpause” buttons.

P: Drop-down menus for Range and Ambulance
appear to be text fields

S: Change background of the pull-down menus; make
the down arrow visible.

Visibility
Consistency

2.67

P: The middle button on the map control panel
(among the navigation arrow buttons) has two modes
“Center” and “scroll,” but they are not readily visible.
S: The middle button should not be used as a mode
button. Same as on the paramedic’s workstation.

Visibility

233




Table 1.3. Heuristics Violations: by Places of Occurrences

-- Driver’s Station

Function: | Problem Description (P) Heuristics | Severity
Section Recommended Solution (S) Violated Rating
Overall P: Top address fields look like they are editable but Visibility 2.33
they are actually not. Consistency
S: Display the information in text instead of as text
fields.
Select P: Icons are hard to recognize because of low contrast. | Visibility 3
Feature S: Increase contrast.
P: Most icons do not appear to correspond to standard | Consistency | 2.67
symbology and may therefore be difficult to
understand.
S: Improve icon design by using standard icons or
designing more intuitive icons.
P: “Exit” is ambiguous since it is also commonly used | Message 233
in computer dialogue, meaning to close the current
window or application.
S: Change to “Road Exit”.
Street P: No default value for town/city. Flexibility | 2.67
Address: S: Should default to the town/city in which the EMS is | Memory
’ located.
Edit street | P: Radio buttons are used as action buttons. Consistency | 3
map S: Use buttons instead of radio buttons.
Reference P: Reference points are labeled as No.1, No.2, etc. Memory 3
There is no indication as to what a reference point Consistency
represents. Once No. 1 is removed, the original No. 2
becomes No. 1.
S: Allow a user to label reference points. Don’t
change the numbers when a point is deleted.
P: Zoom control is far away from Map Display visibility 2
control panel.
S: Put the two next to each other.
Track P: Once a user initiates “Track Ambulance”, the Feedback 3
Ambulance | system provides no indication about the current mode. | Memory
S: Keep the “Track Ambulance” button depressed, or | Visibility
display a text message on the map. Consider a
checkbox next to track ambulance: if checked the
ambulance is being tracked, otherwise it is not.
P: Once a user initiates “calculating route”, there is no | Control 3.67
way to cancel it, though the button is there. Feedback

Calculating route can take a long time (more than a
minute), giving users an impression that the process
might be dead.




S: Provide a way to cancel this process and show its
progress

P: Once a user selects “mark destination”, there is no
feedback on the map.

S: Mousepointer should change to indicate the mode.

Visibility
Feedback

2.67

P: On the Map Display control panel, N, S, W, E are
also clickable but they do not look like they are.

S: Add arrows on these buttons and put N, S, W, E
outside the buttons.

Visibility

Hide route:

P: There is no feedback to show that the route is there
but hidden.

S: Design a complimentary “Show Route” button
which is only active when a route is available, but has
been hidden.

Feedback
Visibility

2.67

On the map

P: There is no way to find out what an icon means.
S: Once the mouse is pointed to an icon, display a
tooltip to tell what it represents.

Memory

233

P: The map is not directly manipulable. No way to
directly click on the map to give the address input.
S: make the objects on the map manipulable.

control

2.67

P: To mark the destination, one has to click just on the
line for a road. The system doesn’t accept a slightly
off-line click.

S: Make it more flexible while accepting a mouse
click as the input.

Flexibility

P: Can’t re-open a street or remove a landmark
directly on the map.
S: Allow these operations directly on the map.

control

P: When removing a landmark, the button says “set”
S: Label the button “Remove”.

Consistency
language

2.67

P: Once a mode is selected, the mouse pointer doesn’t
change to indicate the mode one is in.

S: Provide feedback by changing the mouse pointer.
Without a mouse pointer (such as with the touch
screen), provide an onscreen visual indication of the
mode the system is in.

Feedback
Visibility

2.67

P: Once calculating a route, the user can’t do anything
before clicking “clear route”.
S: Add a “cancel” button

Control
Visibility

P: No heads-up orientation of the map.
S: Consider providing such a function as this may be
the most useful display for the driver

Match

233

P: When putting in destination, “street destination” is
highlighted. Click again, the system removes the route
and leaves the fields empty.

S: fix the bug

Bug?

3.5




P: The system crashed when the address did not match | Bug? 4
the zip code.

S: fix the bug

P: How does one go back to no-route (to remove the | Control 2.5

route) other than initiate “new route”?
S: provide such an option

System response is too slow.




Table 2.1. Heuristics Violations: Sorted by Severity Ratings

-- Paramedic’s Station

Function: | Problem Description (P) Heuristics | Severity
Section Recommended Solution (S) Violated Rating
Run Record: | P: Scan ID in to create a new record. Once you click | bug 4
On-Scene on the arrow, the record is gone.

S: fix the bug
Report P: The text entered for one patient is displayed for bug 4

every patient once the patient name is switched. (Is it

saved? Don’t know.)

S: fix the bug
Report: P: Once a record is created, everything from the bug 4
Report previous report is copied. :

S: fix the bug
Overall P: Functions “Run Record” and “Report” have a Visibility 3.67

number of sections that require the paramedic’s input. | Memory

It is not clear at all if clicking button “Save Current Consistency

Record” (on Run Record: On-Scene) saves all the Feedback

information or each section needs to be saved

separately.

S: Provide “Save Data” on each data entry page. This

button should be in the same place on every page. A

more systematic solution is to create a drop-down

menu that contains all the major functions common

for all sections, such as the “File” menu on all

Microsoft products. d.
Run Record: | P: Modifying the first or last name creates a Consistency | 3.67
On-Scene completely new record. Feedback

S: Provide feedback (e.g., display a message) prior to | Error

automatically generating a new record. This should be | Match

associated with the “save” function. Use “save” to

save to current file and “save as” to save to a new file.

Again, the current “save” function needs to be

redesigned.
Run Record: | P: If a 2nd record arrives (a new ID is scanned in,) the | Error 3.67
On-Scene 1st record is gone without warning the user. And there | Visibility

is no indication of whether the old is saved or not Undo

saved.

S: Provide explicit feedback (e.g., display a message.)
Protocols P: Lots of problems. It needs to be completely Visibility 3.67

redesigned. Just a few examples of design problems, | Consistency

1. Structure of the screen protocols appears to be Memory
Match

hierarchical (title with six types,) but in fact they are
parallel; .




2. Cursor doesn’t change on html links;

3. When deep in the structure, no indication of the
level;

4. On certain pages, there is an invisible but
functional “back” button.
S: This section needs to be completely re-designed to
conform to web design standards. For example,

1. The first screen should be called “index” page;

2. Always provide a back button on each page.

Overall

P: Function navigation bar is separated from section
tabs within each function. Major functions are located
at the bottom of the screen, whereas the tabs on the
top of the screen represent lower level sections. This
makes it hard to see the connections between the two,
and requires constant moving (and looking) up and
down during navigation. This problem persisted after
we gained experience with the system, indicating that
it will not disappear with experience.

S: Move the function navigation bar to the top, above
the section tabs. Use a two-level tab navigation bar at
the top.

Visibility
Consistency
Match
Memory
Error

3.33

Overall

P: There is no visible indication of whether data needs
to be saved or whether it has been saved.

S: If the system does not automatically save after
every entry, provide a salient indication on every
screen that a save is required. One way to do this is by
activating and visually highlighting the Save button
anytime a save is required. If the system autosaves
only when a user switches to a different page, you
must still provide some visible indicator on each page
to let the user know that the data has (or has not) been
saved; otherwise, the user will not know whether or
not the data has been autosaved.

Visibility
Feedback

3.33

Run Recérd:
On-Scene

P: No feedback once “Save Current Record” is
clicked.

S: Provide explicit feedback (e.g., change the cursor,
or display a message.) Or completely redesign the
“save” function such as move it to a top menu.

Feedback

3.33

Run Record:
Patient TX

P: The function of the set button following time is not
clear at all. No feedback after it is clicked. What
happens if it is not clicked? Does it have to be clicked
for something to happen? Can time still be changed
after “set” is clicked?

S: Remove it if is redundant.

Memory

Feedback
Visibility

3.33

Video/Vital

P: Patient’s name is not displayed. What happens if
there is more than one patient on board?

Visibility
Match

3.33
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S: Display patient’s name in a prominent location
(same as with the Run Record function.)

Memory

P: The middle button of the keypad has two modes
(GPS and scroll.) Exactly what does each mode mean?
Also in scroll mode, clicking on an arrow causes the
mid button to automatically switch to GPS.

S: The middle button should not be used as a mode
button.

Visibility
Memory
Bug

3.33

Report:
Billing

P: Patient name and address should be consistent with
the information obtained in other sections.

S: Automatically fill in the slots from input in other
sections.

Minimalist
Consistency
Error

3.33

Run Record:
On-Scene

P: Patient’s name, currently at the bottom, is difficult
to see, both because of its font size and of its location.
S: Display patient’s name in a more prominent
location (on top, near the section tabs) and in a bigger
font.

Visibility

Run Record:
On-Scene

P: No suggestion on re-saving record once data in a
section is modified. ~

S: If information in a section is changed, before the
paramedic switches to another function (section),
display a message as a reminder.

Visibility

Run Record:
Narrative

P: The function of this section is not very clear.

S: If both the paramedic and the physician can provide
input here, it needs to have two separate fields for
each party for synchronization purpose.

Match

Map

P: On the right panel, Destination, TBD, and Range
are actually pull-down menus but it is impossible to
see this because of low contrast (Background of the

menus is same as that for the whole screen display.)

S: Change their background to increase visibility.

Visibility

Report:
Vitals
Report

P: Incident does not tell what should be reported;
Date: no format indicated; Dispatch (Time): no format
indicated; when impossible data are entered, the
system gives no error message. It is not clear what the
two “set” buttons mean? Once clicked, time is still
editable.

S: use examples to show the format. Reconsider the
“set” buttons.

Error
Visibility
Memory

Report:
Vitals
Report

P: Can’t switch to another patient on this page though
it seems to allow this.

S: either remove the patient selection drop-down
menu to disallow the switching of patient or make it
switch-able.

Flexibility
Visibility

Run Record:
On-Scene

P: If no patient’s name is entered, name field only
displays “,”

Memory
Visibility

2.67




S: The system should designate a default value (e.g.,
patient #1) for patients whose name is not accessible.

Run Record: | P: Create new record does not update the patient’s Consistency | 2.67
On-Scene name at the bottom. Visibility

S: default to “New Patient.” Feedback
Run Record: | P: Pull-down menu for consciousness does not cover | Match 2.67
Exam/Obser | the full range of consciousness.
vation S: Add more options to make the list complete.
Run Record: | P: Medication and dosage/route are not linked (The Consistency | 2.67
Patient TX | latter two are not sensitive to the value in the Error

medication slot.)

S: Make the options for Dosage and Route contingent

upon input in the Medicine slot.
Run Record: | P: No indication of the format of the time. Memory 2.67
Patient TX | S: Specify the format of the time by giving an Match

example, e.g., 18:45
Comms P: All the options are not clickable. Besides, the Consistency | 2.67

option button is under ICM but all the rest are located | Visibility

above their respective channels.

S: If options do not serve any function, remove them.
Report: P: Bill To: options as buttons Consistency | 2.67
Billing S: use radio buttons instead of buttons. Visibility
Report: P: Ambiguous section meaning. Also print to a printer Consistency | 2.67
Report in the ambulance or in the hospital? Match

S: Section should be labeled “Print”. Also should

separate “Print” from “Report”. This can be done by

adding a menu bar that includes save, save as, print,

exit, etc.
Report: P: What if there is more than one patient? In Run Flexibility | 2.67
Report record, one can easily choose a patient. In Report, one | Visibility

can’t do this. The patient is set to whoever is selected

in run record.

S: either allow switching between patients here or

disallow it by not showing the drop-down button.
Overall P: Pull-down menus in data entry sections also allow | Visibility 233

the paramedic to type in information manually, but the Consistency

arrow buttons give the impression that one can only

select from the menu.

S: Emphasize this in training; Set default for pull-

down menus as “type or select”.
Run Record: | P: Buttons “Create New Record” and “Save Current Consistency | 2.33
On-Scene Record” are inconsistent with the rest of the buttons Visibility

and are difficult to see. Match

S: Use a consistent button design. Place “create new | Consistency

record” and “save current record” at the top of the
page, separated from the data fields. Consider adding
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a menu bar containing one or more menus at the top
for common and frequent tasks.

Run Record: | P: In the vehicle pop-up menu, if the mouse is on the | Bug 233
On-Scene top half of the arrow button when it is clicked, the Match
menu won’t stay (hitting “van”); if on the bottom half, | Visibility
then the menu stays;
8: Use radio buttons or small graphics to display
options, instead of the pop-up menu..
Run Record: | P: The question mark besides the Glascow scale is not | Visibility 2.33
Exam/Obser | clear in terms of its meaning. It should also be put Memory
vation inside the boundary box surrounding the Glascow
scale.
S: Label the “?” button in text.
Run Record: | P: The Left, Right Pupil pull-down menus also allow | Visibility 233
Exam/Obser | type-in but each has only two choices. Minimalism
vation S: If there are only two choices, it is better to
implement as radio buttons or at least not allow type-
in.
Run Record: | P: What happens if one is allergic to more than one Match 233
Patient HX | item in a category (how is the information entered?) Flexibility
S: Display all allergies in each category and allow the
paramedic to check all that applies; Or ask the
paramedic to type in the fields.
Map P: Address fields on the top allow selection by mouse | Consistency | 2.33
and appear to be editable, but the user is not allowed | Visibility
to edit them.
S: Display the information as pure text, not as a text
box field.
Comms P: On and Off look like radio-buttons, giving the false | Consistency | 2.33
impression that they are clickable. Visibility
S: If this information is redundant with Throughput,
consider removing it completely.
Report: P: Options for relationships are not complete. Match 2.33
Billing S: Should include more choices.
Report: P: Zip code slot and tel # slot allow for text as input. | Error 233
Billing S: These two slots should allow only numbers. '
Report: P: Date slots are not constrained, and format is not Error 2.33
Release: specified
S: This slot should only allow number input and
format should be indicated
Report: P: Patient transported to slot should read directly from | Minimalist | 2.33
Transport/C | map information. Memory
TeW S: Automatically fill in the slots from input in other
sections.
Report: P: First 5 items are from Run Record, the last 4 are Consistency | 2.33
Report from Report. Visibility




S: Should provide separation between these two
categories.

Run Record: | P: No way to change the image (gender of the patient) | Control 2
Exam/Obser | from this page, the user must return to the page Flexibility
vation containing demographic data.
S: Set up two radio buttons above the image to allow
the paramedic to change the gender.
Run Record: | P: “Responses to TX” is separate from the medication | Match 2
Patient TX | (listed above.) There could be a number of
medications but there is only one response slot (Note
this may not be a problem at all.)
S:?
Report P: Once you click on “report”, the last section in the 2
previous “report” session is the default. There is no
absolute default page (even across patients.)
S: Set a default section.
Comms P: Bandwidth is displayed in numbers. It could be a Consistency | 1.67
bit too complicated for paramedics. Match
S: Could be better implemented as graphs.
Report: P: No way to input signature. Match 1.67
Release: S: Should this page be printed out and have patients
sign on paper? ,
Run Record: | You can have only one number on the body image, but | Match 1.33
Exam/Obser | it allows you to add more symptom items (Note: this
vation may not be a usability problem at all if it is ok for the

paramedic to enter symptoms here without specifying
where they are on the body image.)

No connections between the numbers and the GUI
widgets.




Table 2.2. Heuristics Violations: Sorted by Severity Ratings

-- Physician’s Station

Function:
Section

Problem Description (P)
Recommended Solution (S)

Heuristics
Violated

Severity
Rating

Qverall

P: No indication as to which EMS (of multiple ones)
the current record is from.

S: Display the AmbID/patient’s name on EACH
function/section page, and at a prominent location.

Memory
Visibility
Error

4

Videos

P: Preset cam #1 does not work, 2 and 3 are working
S: fix the bug

bug

Overall

P: How does the physician know how to divide his or
her time among different ambulances/patients? The
patient list does not provide information for the
physician to determine priority.

8: more information should be provided such that the
ER physicians can make informed decisions.

Memory

3.33

Videos

P: The zoom controls do not provide sufficient
feedback. For example, when the physician clicks a
zoom button, the system gives no indication about the
zoom level. Even when the camera is already zoomed
in or out, the buttons are still clickable. Also, The
meaning of “-” and “+” signs appear to be arbitrary.
S: Display several zoom levels on a zoom bar and
allow the physician to randomly pick one at any time.
Make this control similar to the one used on the
drivers map.

Visibility
Feedback
Error

3.33

Videos

P: Once an area of interest is selected, if the physician
left clicks the mouse, the red boundary disappears (but
the area is still there.) To take away the area, one has
to right click the mouse.

S: Action should be done by left-click. Right click is
for selection

Consistency

3.33

Run Record:
On-Scene

P: The “Refresh Records” button (a function button)
is embedded in the patient’s data and hard to see. Also
clicking this button gives no feedback.

S: Move this button to a more prominent location (at
the top, near the section tabs.) Provide visual feedback
(change the cursor or display a message) when the
physician clicks this button. Or integrate it into a top
menu bar with other major functions such as “save”.

Visibility
Feedback

Videos

P: AmbID is a pull-down menu but is hard to see
because of low contrast; the patient’s name is not
shown here.

S: Change the background of the pull-down menu to

Consistency
visibility

48




increase visibility; Move this pull-down to a more
prominent location (top left comner;) Display patient’s
name along with AmbID.

Videos

P: The small and big video windows are out of sync.
Changes do not happen at the same time. The big
video window changes first.

S: fix the bug

Bug?

Vitals

P: On the middle panel, the “X” button’s function is
hard to determine.
S: Label this button in text.

Visibility

Vitals

P: Will “Update BP Now” overwrite the automatic BP
setting? How does it proceed (does the paramedic
need to get the BP or does it get from the paramedic’s
data automatically?)

S: the buttons should be redesigned to avoid the
ambiguity.

Visibility
Match
Memory

Overall

P: All sections within “Run Record” are much the
same as on the paramedic’s station. However, the
normal text fields and pull-down menus (though
deactivated) give rise to the false impression that the
physician can change the data. There is no indication
that they will never be active.

S: If the data are never editable, display them in pure
text instead of in text box fields. If the
controls/buttons can never be used, remove them from
the screen.. If the controls may sometimes be used,
find a way to make these items look inactive and make
sure the users know how to activate them.

Match
Consistency
Visibility

2.67

Videos

P: Numbers for the preset are clickable but look like
text, not clickable buttons. Once clicked, the feedback
(the number becomes red) is too small.

S: The two should be combined into one clickable
icon.

Visibility

2.67

Videos

P: If caml is on, the physician should have no control

but the controls are still activated and clickable.
S: De-activate camera controls and make sure they are
visually deactivated.

Visibility
Match

2.67

Vitals

P: On “Auto BP control” panel, one needs to go
through two steps to set interval (first click a number
and then click “set interval”), and once the interval is
set, there is no visual feedback as to which one is now
in effect. ,

S: Merge the two steps into one (clicking a number
sets the interval.) The number remains depressed to
indicate the current BP interval.

Minimalist
Feedback

2.67

P: Drop-down menus for Range and Ambulance

Visibility

2.67
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appear to be text fields

S: Change background of the pull-down menus; make
the down arrow visible.

Consistency

Run Record:
On-Scene

P: Message displayed beside the vehicle is
inconsistent with the actual action allowed (the
physician should not set anything for the vehicle
involved.)

S: Take away the message and the arrow button to the
right of the vehicle image.

Message
Consistency
Visibility

2.33

Videos

P: Both of the upper two other cameras are actually
menus but look just like text ficlds.

S: Change the background of the pull-down menus to
increase visibility.

Consistency
Visibility

2.33

Videos

P: Orientation of the human figure is incongruent with
the spatial orientation of the video image.
S: Align the human figure with video image.

Match

233

Videos

P: The two other cameras do not have thumbnail
images as the other three.
S: Provide consistent thumbnails for all cams

Consistency

2.33

Map

P: The middle button on the map control panel
(among the navigation arrow buttons) has two modes
“Center” and “scroll,” but they are not readily visible.
S: The middle button should not be used as a mode
button. Same as on the paramedic’s workstation.

Visibility

2.33

Videos

P: The preset is patient-centered while the zoom
control is physician-centered.
S: Pick either one but not both

Match

Vitals

Did not find “pause” “unpause” buttons.




Table 2.3. Heuristics Violations: Sorted by Severity Ratings

-- Driver’s Station

Function:
Section

Problem Description (P)
Recommended Solution (S)

Heuristics
Violated

Severity

Rating

On the map

System response is too slow.

4

On the map

P: The system crashed when t