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ABSTRACT

Lockheed Martin Advanced Technology Laboratorie (IATL) and the U.S.
Army Institute of Surgical Research (USAISR) haesib collaborating to improve
methods of pre-hospital documentation. The collation is focused on creating a
pre-hospital documentation grammar and spoken aatanguage understanding
capability to support a hands-free and eyes-freteraction paradigm. This
interaction paradigm will minimize the impact oretfield medic during treatment
of patients in stressful combat situations. The MB&A-PH (Medical Treatment
and Reporting Assistant: Pre-Hospital) prototypeaigroof-of-concept of this
approach. This paper presents the user-focuseepbaotoperations for MediTRA-
PH, the design and development cycles undertakeh pmeliminary evaluation
results in terms of recognition accuracy and ua#sfaction.

Keywords. Pre-hospital documentation, Military medical cafeauma care, Field
medics, User-centered design, Spoken language siadding, SLICE.
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INTRODUCTION

Pre-hospital trauma care in the military theatahésfirst link in a chain of medical
care as a casualty moves from point of injury tenbat support hospitals and
eventually to larger facilities. At each transfeoimd, there is a high risk of
information breakdown. Beginning at the patient'sinp of injury, there is a
significant lack of consistent documentation of inatly-relevant information,
including: mechanism of injury, demographics, madimterventions performed,
and outcome. Field medics, lacking any other resguoften resort to writing the
details of the patient’s identity and treatmentsbamdages or medical tape on the
patient’s skin. Lockheed Martin Advanced Technolagyporatories (LM ATL) and
the US Army Institute of Surgical Research (USAISkve collaborated on a
prototype system, aimed at improving pre-hospitatwmentation. This system,
MediTRA-PH, or the Medical Treatment and Reportiagsistant: Pre-Hospital,
uses a hands-free, eyes-free spoken-language dbergparadigm. This design
choice was inspired by military medical subject teaexperts (SMESs) input that,
while early and frequent documentation does helglicad¢ providers later in the
treatment chain to be more effective, field mediedl only comply with
documentation requirements that do not interferéh Wwieatment and saving lives.
MediTRA-PH uses LM ATL's Spoken-Language Interfacks Computing
Environment (SLICE) spoken-language understandauipriology as the primary
method of interaction with the system. This papeespnts work to date on
MediTRA-PH, including consultation with military rdecal SMEs on the spoken
language interface to the system, and preliminaaiuation results: recognition
accuracy and user satisfaction.

RELATED WORK

CURRENT MILITARY MEDICAL SYSTEMS

Since 2003, the US military has deployed a progwresseries of components under
the Medical Communications for Combat Casualty GME€4) system. Goals of
the MC4 system include “enabling lifelong electioniedical records, streamlined
medical logistics and enhanced situational awasefies Army tactical forced.
MC4 consists of many different inter-operable systeand each focuses on a
different aspect of the healthcare process. HaddteVices are carried by medical
personnel, allowing them to enter information abioittal treatment procedures so
that it becomes part of the patient’s electronidiced record. However, military
medical personnel we consulted cited MC4's pointapiry care support as

1
https://www.mc4.army.mil/about.asp#how
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cumbersome. Also, interacting with MC4 systems daterfere with patient
interaction because doctors and other medical paedare required to split their
attention between the system and the patient. Biothese limitations are targets of
the MediTRA-PH prototype system described in tlipgr. MediTRA-PH will be a
hands-free, eyes-free, point-of-injury componentMiZ4 that integrates with the
electronic medical records (EMR) pipeline created anabled by MC4.

SPOKEN LANGUAGE UNDERSTANDING SYSTEMS

To build the MediTRA-PH prototype, we leverage ospoken language
understanding capabilities, called Spoken Langubmgeraction for Computing
Environments (SLICE), and our experience buildingltimodal systems for the
Office of Naval Research (ONR) and DARPBased on nine years of spoken
language understanding research begun under thePBAFOMmMunicator program,
SLICE (Daniels & Hastie, 2003) provides hands-fregeration of computer
systems, allowing warfighters in the field to us@ce to interact with distributed
information sources. Other spoken language systwawe been developed for the
medical domain, such as Q-Med (Johnson et al, 198®%) Dragon Medical
(Nuance, 2008). However, these systems have focoise@cognition rather than
understanding and are used primarily for dictaiod diagnostic interviews during
office visits. The environments in which MediTRA-R$lused impose much more
demanding challenges on the software, includingiamtmoise levels, faster pace,
and potentially nonresponsive patients.

MEDITRA-PH PROTOTYPE

DESIGN PROCESS AND METHODOLOGY

We engaged in a hybrid user-centered design prazsksd Interface Design for
Engineering and Advanced Systems (IDEAS) (Reglir&roulet, 2007) to create a
demonstration interface that shows the spoken-kggwnderstanding in action.
IDEAS, an extension to traditional User-Centeredife (UCD), directly facilitates
discussion and translation between engineeringestibbpatter experts and domain
subject matter experts. The LM ATL team worked withitary medical personnel
early and often while designing the MediTRA-PH ptgpe to ensure the eventual
prototype system would meet target end-user g#AISR arranged a two-day
workshop early in the effort to accomplish two paity goals: (1) to elicit the
context in which the system would be used; andd3licit specific grammar and
vocabulary requirements. USAISR provided four fietedics (two from the US
Army, and two from the US Army Ranger Regiment)e &5 Army nurse, one US
Army flight surgeon, and one US Army Reserve phgsi¢o consult on this panel.
Day one of the workshop was organized as a foaugpgrin which the LM ATL
team asked directed questions designed to eliaitaito context information and to
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engage the medical SMEs in the process of devajopinision for the MediTRA-
PH system. Day two involved engaging the field rmedn scenario role-playing
activities to allow the system designers, as welht stakeholders, to witness re-
enactments of several trauma care incidents inlese do the natural context as
possible. Two of the medics each performed two @gterre-enactments of actual
events they experienced (minus any identifying itltan two situations: (1) care
under fire and (2) tactical field care. These raements revealed that a fielded
MediTRA-PH system would have to be extremely ropftiekible, and ruggedized,
as well as passive and non-intrusive, in ordeutzassfully integrate with the field
medic’s environment and context, confirming thditytiof a hands-free and eyes-
free spoken-language interaction. To inform theigte®f this spoken-language
interaction, we used both direct and indirect &iddn methods to define the
vocabulary and grammar that medical personnel mggsd field. In the structured
interviews, we asked the field medics to direcdpart commands that they would
like to give to the system. In the re-enactments recorded the language that they
used in context. Both types of elicitation are impnt because users often cannot
explicitly describe how they do a task once it bmes second nature (Beyer &
Holtzblatt, 1998). After the workshop, the LM ATkedam sent follow-up questions
and intermediary design artifacts to the medicaESMbr review and comment, to
keep them involved and engaged as the prototypéterasively developed.

PROTOTYPE CONCEPT OF OPERATIONS

Based on the workshop, we developed the followiogcept of operations for the
MediTRA-PH system. A warfighter sustains an injutyring contact. As a field
medic moves within treatment distance, the medigiggedized handheld platform
buzzes to indicate connection with the patients&bnic information carrier (EIC),
similar to a traditional identification tag, or “ddag.” The medic says “get PHR”
(Personal Health Record), signaling his MediTRA-@Vice to query the patient’s
digital dog tag for complete medical history anégamt a visual summary of the
most important elements. The medic can also redhasthe information be read in
his headset, or ask to be warned only if a propdesstment is contraindicated
based on prior medical history. As the medic tréfa¢spatient, he speaks aloud his
treatment steps, and MediTRA-PH passively captthhesnformation. It adds this
information to the incident report as well as tretignt's PHR. Throughout the
treatment, the patient’s digital dog tag receivgslaies from MediTRA-PH to
ensure that documentation from this point of injtrgatment care episode is carried
forward when the patient is evacuated from the .aifethe medic is working on
several patients, as in for example a mass casenadtyt, the digital dog tag syncing
solution ensures documentation is mapped to thet pagtient. When the medic
returns to base, he docks his handheld platformatélediTRA-PH-enabled
machine, which can assist him in filling out hisjuged paperwork, leveraging the
data captured from the field. Using the desktopriace, field medics can update
MediTRA-PH’s vocabulary as new treatments and n&itios are deployed.
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RECOMMENDATIONS FOR REPORTING SYSTEMS

Although the main product of this effort is a priyfme system, another important
result is the generation of design recommendatifmns medical domain field
reporting systems. These design recommendatiors dexeloped as a result of our
interactions with medical SMEs during this effoaind reflect the participatory,
collaborative nature of our design process, whiclvoives end users and
technologists in developing a user-centered viaiaah, ultimately, system. We have
divided the recommendations into three areas: €beral interaction preferences;
(2) spoken language reporting; (3) other desiratufes and functionality.

General Interaction Preferences

The medical personnel strongly recommended a systesigned to seamlessly
integrate into existing treatment episodes via ssppa hands-free and eyes-free
interaction paradigm. Medics use both their hamdsdat patients. A trauma care
reporting system should be usable without physicééraction. Furthermore,
medical personnel want to maximize the qualitytad time they spend with their
patients and are unwilling to split attention bedwea computer and a patient, or
ignore a patient completely for a minute or twoaa®port is filled out. Because of
the speed and urgency of treatment episodes dumieghospital trauma care, a
system like MediTRA-PH must be configurable to pdevfeedback on-demand or
not at all. Entering information into the PHR matto be extremely rapid so as not
to interfere with treatment. Point-of-care docuraéinh systems must also support
fluid transition between multiple patients for omemore medics. In mass casualty
events, a medic might be treating multiple patientsrchangeably, jumping back
and forth quickly between injuries. The system miostenable rapid transition,
preferably automatically if possible, so that imf@tion about injuries and
treatments is matched to the correct patient iretbetronic medical record (EMR).
Finally, point-of-care documentation systems mugbp®rt interactions for both
experienced and novice medics. According to oua dadm the workshop, 6500
new medics are trained every year at Ft. Sam Haou#tading to a large influx of
deployed medical personnel who may be seeing biijtieies for the first time.
Stress and inexperience sometimes lead medicsgetfimportant elements of their
training. A system like MediTRA-PH should supporeatment guides and
reminders or alerts when the medic requests ihersiystem detects him faltering.
Rapid deployment is crucial to the military medigabvider, so a system like
MediTRA-PH should require as little end-user tragas possible.

Spoken-Language Reporting

The key reporting modality that can support aleraction preferences and fit well
into the context of trauma care is spoken-languegporting. As our military
medical SMEs told us, many medics already spealtdaighile treating patients,
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and most recognize that this is beneficial in orekeep focused on the moment
and also to interact with the patient to keep himnscious. To best support the
medic and require the least amount of user-trajrangedical voice documentation
system must focus on keywords people use in the fikeady, such as treatment
devices and medication names, as a means of itieragith the system, rather
than introducing new language. Because medics ivaexperience, it is important
for a system like MediTRA-PH to support multiple ygato report a similar thing,
including using expert medical terminology (i.eanterior femur”) and layman’s
terms (i.e., “right thigh”). Also, medical terminology changes frequently as ne
treatment devices and medications are deployedaaydtem for documenting pre-
hospital trauma care must be able to handle alieatirvocabulary. Furthermore,
individual medics might use shorthand or other liaed terminology that vary
from user to user. An essential design recommendlasi to provide an end-user
focused interface for vocabulary editing and reifinthat can be used by medics to
add, remove or change vocabulary terms and polgngwen new reporting
structures to the extent possible with current netdgical capability. Finally, the
spoken-language understanding mechanism must beabhndle a wide variety of
speakers, including people with accents, male amafe voices, and voices of
people in situations of stress, which could chatiggr speaker characteristics.
Furthermore, it must be able to listen passivelg anly capture language that is
medically relevant, ignoring and not recording tipic conversations with other
medical staff or the patient, for reasons of privac

Other Desired Features and Functionality

Although the primary context of use for a systeke IMediTRA-PH is the point of
injury, patient care documentation does not end nwklee medic leaves the
battlefield. Medics need to be able to enter andregorts when they have returned
to the base, to ensure that all information wagwag accurately and completely.
Medics have paperwork obligations that a system MediTRA-PH can make less
tedious by feeding directly into the medic’s inaitleeport forms such as the SF-
600 from the spoken-language report. A system MexliTRA-PH must integrate
into the existing electronic medical records pipeli(i.e., MC4), supplying
information about trauma care into a patient’s kergn health record.

DEVELOPMENT

A working prototype was built for demonstration aghluation of the MediTRA-
PH approach, based on LM ATL's SLICE architectus&ICE converts spoken
audio into a representation of the context-dependeaning, or user intent. The
underlying language model representation providesula-based classification
system that enables the system to process spakguage input to perform tasks.



Accepted for publication at the AHFE 2010 conference

Architecture and Language Model Approach

The MediTRA-PHSLICE implementation uses an XML-based languageehthat
defines the medidomain in terms oivocabularyand contextual relationshi
between categories of conce. Figure 1 shows a diagram of how the langL
model concepts are related to each o

- Word Category

Reg

Namme: greetings
Woaord: hello

Word Category: greetings «

- Word: hi

L]

Quiput Format: Greeiing: <greetings_modifier> <greetings> <greeting_object>i

Figure 1. Language model used in the MediTRA-PH prototype system.

Words are the base unit of the language model. Adwonsists of a literal te:
representation and one or more pronunciations. ' Categories are logic
groupingsof particular types of words that can be used aitangeably. The worc
may have different meanings, but represent the ggmeral concept in relation
each other. For example “fractured” and “brokeri bath be categorized as bre:
in bones. Rulesdefine logical groupings of categories that musspeken togethe
to have meaning. Each rule provides both optiondlraquired categories, allowil
for flexibility in how much information is requireth satisfy a particular ru. The
order in which wods in each category are spoken is unimportant, eosgiing fol
natural variation in how individuals describe them& event or obje. Rule
Mappings define how to route the data within thd CH. architecture. Particuli
rules can be handled differently than other 1, for example, an injury should |
routed and handled differently than a system conak:

Live Speech Recognition and Segmentation

For the initial prototype development, it is assdntieat the field medic user w
use a key phrase (several variations on “stardg stcorder”) to begin and enc
particular patient’'s record. Once the key phrasettsred, MediTR~PH does nt
require any further explicit segmentation of worplstase or sentenceln order to
support the kinds of language our military mediS8MEs delivered, he speecl
recognizer iconfigured to interpreboth continuous words and bursts of phras
rather han requiring a complete phrasbefore trying to recognize This
configurationresults ina constant streaming of tendcognized from the user’s re
audio, which ismatchedagainst one underlying language model. MediTRA's
language model isonstructecto minimize the amount of information required
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each phrase to be successfully understood, wtiteralnimizing potential conflict
(in the form of redundancy and overlapbetween phrases. Minimizing tl
complexity of language model components altempts to reduce the amount
information lost through misrecognition or otherces. To identify the correc
break between phrasedisambiguation and conflict management pesforme,
allowing for delineation of phrases at the earliest possiblke Icgical pointin order
to prevenerror propagation armaximize language model matching efficiency

Proof-of-concept Graphical User Interface (GUI)

The MediTRAPH prototypeincludes a proof-otoncept graphical user interfa
(GUI) to demonstrate possibvisualizations of treatment episodes. Figurgh@w:
four possible representations of information cléedias injuries, treatments, a
mechanisms of injuryln Figure 2,Section 1 illustrates a categorized display
information representin the basicriformation types captured in separate fields
ease of readability. Section 2 illustrates a movitigeline of categorize
information, vhere the update interval is u-configurable, which illustratewhat
was done and how long ago. Section 3 showandard body injury diagratmat
can be used to quickly assess where injurieslocated. Section 4 shows a ti-
tagged transcript of all available information, walhiis valuable during the pr-
treatment analysis peric These display visualizations araly preliminary anc
require iterative usewriented refinement ensure they meet user needs.

; — Injuries
! 1 | | Soft Tissue Deep: right leg
0 B===-_ ]!
== . L= I 20 saconds ago
== r . === 2 Soft Tissue Deep: right leg
(IS I: -] Injuries
s 1/ RN T |
! ’ ‘_I ' 1 - Tima Tonmad Lo
I | 1 a RIS 3 e ey
| 08:03:16 - Soft Tissue Deep: right leg
3 == = in9-03:-10 - EFran: from iad
08:03:19 - Frag: from led

Figure 2. Proof-of-concept graphical user interface (GUI) for MediTRA-PH.

DEMONSTRATION AND QUALITATIVE FEEDBACK

The MediTRA-PH prototype was demonstrated during the 2009 Advar
Technology Applications for Combat Casualty CareTAECC) conference
Several formal sessions and informal discussiorsuroed with field medics ¢
varying experience, includinsome of the SMEs consultetliring initial concep
developmentReaction to MediTR-PH was positive. Specifically, the harfuse,
eyesfree collection of speech was viewed as a viablehate of nonintrusive
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information capture. We received positive confirimatthat our supported language
model was accurate and of high utility, and recgigenstructive feedback on both
additional vocabulary to support and informatiordisplay in the GUI. Overall, the
SMEs consulted at ATACC indicated that use of thedMIRA-PH prototype was
intuitive and met their conceptual expectations.

SPOKEN LANGUAGE UNDERSTANDING PERFORMANCE

To evaluate the performance of MediTRA-PH in terofs how well it can
understand spoken medical language, we collectedrgus of in-domain spoken
language from 15 participants with varying levefsneedical domain familiarity.
The corpus was comprised of individual treatmentsages with a total of 32
domain-relevant utterances. The audio files fothe@gnette and participant were
fed into MediTRA-PH automatically and the resulfsh® recognition step and the
language model matching step were recorded. Firthiéyresults were compared to
ground truth. Three possible outcomes for eactrante within a vignette were
possible: (1) true positive, or the correct rutedi (2) false positive, or an incorrect
rule fired; and (3) false negative, or a failurdite any rule. Because the corpus did
not contain any out-of-domain utterances, thereewer true negatives. The results
of this analysis are as follows. Over all utteranoethe corpus, 84.89% of them
were correctly classified by MediTRA-PH, meaning ttorrect rule fired, enabling
the system to automatically populate the patiePER from spoken language input.
Of the remainder, only 0.68% were false positivediile most of the errors
MediTRA-PH made were in the form of false negati{®4.43% overall), meaning
that no rule was fired. This occurred because @& thw spoken-language
recognition accuracy achieved by MediTRA-PH's SLIGCEBre in the medical
domain; we computed the standard NIST metric, wardr rate (WER) (Pallett et
al, 1990), to be 73.93%. Speech recognition cartubned to perform better in
domain-specific applications if the recognizer medare trained to specific
dictionaries. It is possible that by decreasing tBeICE word error rate,
performance of MediTRA-PH at matching rules woughgicantly improve.

CONCLUSIONS AND FUTURE WORK

This paper has presented MediTRA-PH, a prototy@blarg hands-free, eyes-free
spoken language reporting of pre-hospital cares Phototype is the product of a
multi-disciplinary collaboration between technoktgi human factors specialists,
and medical SMEs. If deployed, such a system wgtgdtly alleviate the problem
of loss of medical treatment information from podrtinjury contexts and improve
patient treatment and hand-off. Moreover, the tetdgy described here could be
applied to other domains such as disaster reliefjan health records, Homeland
Security, and so on. Further work in this area daounklude the following: (1)

refining the pre-hospital grammar through furthesrkvwith medical SMEs; (2)
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extending the SLICE speech recognition technolagpdrform better for domain-
specific medical terminology, yielding an increaserecognition accuracy and
therefore language model matching accuracy; (3)enformal evaluations of the
refined MediTRA-PH prototype in lab and field exers, including testing of out-
of-domain vocabulary; (4) exploring user interfafesigns and visualizations that
allow practical use of MediTRA-PH during conflictemarios; and (5) expanding
the scope of the work by consulting with other matdSMEs to validate our design
recommendations with the broader military medicahmunity.

ACKNOWLEDGEMENTS

The authors thank the military medical SMEs whotipgrated in the workshops
and demonstrations as part of this effort. Priveagicerns prevent us from listing
them by name. This work was funded and carriedjautly by Lockheed Martin
Advanced Technology Laboratories and the U.S. Armgtitute of Surgical
Research (USAISR). COL David G. Gilbertson, formert the USAISR, provided
invaluable support to this research. The opinionassertions contained herein are
the private views of the authors and are not tocbmestrued as official or as
reflecting the views of the Department of the Aramnthe Department of Defense.

REFERENCES

Beyer, H. and Holtzblatt, K. (1998)Contextual Design. Morgan Kaufmann
Publishers, New York.

Daniels, J.J. and Hastie, H.W. (2003), “The praggsaif taking a spoken language
system out of the laboratory.” IRroceedings of the HLT-NAACL 2003
Workshop on Research Directions in Dialogue Processing, Volume 7, Human
Language Technology Conference. Association for @aational Linguistics,
Morristown, NJ, 16-18.

Johnson, K., Poon, A., Shiffman, S., Lin, R., arab&nh, L.M. (1992)Q-Med: a
spoken-language system to conduct medical interviews. Knowledge Systems,
Al Laboratory (KSL-92-09).

Nuance. (2008)Optimizing clinical productivity: using speech recognition with
medical features vs. a general-purpose solution.  Whitepaper:
http://www.nuance.com/healthcare/pdf/wp_healthcsiie Comparative.pdf

Pallet, D.S., Fisher W.M., and Fiscus, J.G. (1990Qols for the Analysis of
Benchmark Speech Recognition Tests.”Aroceedings |EEE International
Conference on Acoustics, Speech, and Signal Processing, Volume 1, 97-100.

Regli, S.H. and Tremoulet, P.D. (2007), “The IDER®cess: Interaction Design
and Engineering for Advanced SystemAPA Division 21, Division 19, &
HFES Potomac Chapter Annual Symposium on Applied Research. George
Mason University, Fairfax, VA, March 1-2.




