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Abstract in English

This PhD thesis in human-computer interfaces (HCI, informatics) studies the case of
the anaesthesia record used during medical operations and the possibility to
supplement it with speech recognition facilities.

Problems and limitations have been identified with the traditional paper-based
anaesthesia record, but also with newer electronic versions, in particular ergonomic
issues and the fact that anaesthesiologists tend to postpone the registration of the
medications and other events during busy periods of anaesthesia, ch in turn may
lead to gaps and inaccuracies in the anaesthesia record.

The thesis first studies the role and the importance of the anaesthesia record as a work
tool during operations. Related work procedures are alsodescribed in detail. Some
small-scak surveys are conducted, which corroborate the observationamentioned
above.

Supplementing the electronic anaesthesia record interface with speech input facilities
is proposed as one possible solution to a part of the problem. A discussion paper made
with a socioergonomist describes some of the short and longterm consequences if
such an idea is to be deployed.

The thesis then investigates the possibilities and technical limitations of the most

widely used speech recognition system in Danish for medical aplications. Of

particular interest is the deleterious effect of various background noises found in
medical operation theatres. While loud noises in the operating room can have a
predominant negative effect, recognition rates for common noises are found tobe only

slightly below performances obtained in an office environment. Other factors have a
major impact as well such as the words to be recognised, participants, the type of
speech recognition system (natural or constrained language) and the type of
microphone. Finally, a proposed redundant architecture succeeds in improving the
reliability of the recognitions.

After that, a prototype of electronic anaesthesia record interface with speech input
facilities is developed on the basis of the knowledge gainedat the previous steps as
well as interviews with some anaesthesiologists.

The next phase is based on fulkcale anaesthesia simulations involving the prototype
to compare it with the traditional touch -screen and keyboard interface. Inspired from
the mathematical queuing theory, a special metric for characterizing differences in
mental workload is developed to compare the two interfaces. Results show that the
speech interface leads to much shorter registration delays and to a greater accuracy of
the information than the traditional electronic interface.
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The simulation-based experiments alsopermitted the testing of some speech input

strategies chosen for the prototype (handsfree vocal interface activated by a keyword;

combination of command and free text modes), which were successful, even with the

ambient noise. Speaking to the system while working appeared feasible, although
improvements in speech recognition technologies are stillnecessary

The above experiments form the main results of the thesisThey are followed up by
secondary investigations

An opportunity is taken to study via questionnaires and other indicators the
deployment, acceptance and success of a speech recognition system sharing
technological similarities with the above-mentioned prototype z used to produce
patient records in a Danish hospital. Physician satisfaction with the use of the system
is modest, yielding a posteriori an approximately even balance between thosén favour
of, and those against theintroduction of speech recognition to transcribe medical
introduced simultaneously with the speech recognition technology which requires
physicians to spend more time on producing the records

In order to get more objective data on the effect of introducing this speech recognition
system on the quality of the medical records, a blinded comparison is done between
former and new work procedures. The resuls show that records produced with the
new work procedures involving possible use of speech recognition contain more errors
than the ones produced with the former method where a secretary is in charge of the
transcription. However, the difference between speech recognition and secretary based
transcription is relatively small in terms of number of transcription errors, and does
not apply to records that follow a fixed and recurrent pattern. These results may
therefore not be construed as showing that speech recognition does not bring
advantages when consideing the gains, e.g.in total turnaround time.

The conclusion is that speech recognition is a very interesting modality that should be
used when appropriate and only for tasks for which it is efficient when compared to
other alternatives.
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Résumé en francais (abstract in French)

Cette these en interaction hanme-machine (IHM, informatique) étudie le cas du

ET 00T Al ABAT AOOET OEA OOEI EOi AOMEAN Hi ARDAIT OF
son interface avec des fonctions de reconnaissance vocale.

Des problémes et des limitations ont été identifies dans le cas de la version papier
OOAAEOQEITTTAITA AO ET OOTAI A6 AT AOGOEiT OEAN
électroniques, en particulier a propos deconsidérations ergonomiques et le fait que les
anesthésiologistes ont tendance durant les périodes chargéesa délayer la saisie des
médicaments et autres événements, ce qui entraine des manques et des inexactitudes

AAT O 1 A0 ET 601 AOGw AB6AT AOOEiT OEAS

La thése étudieen premier lieul A OET A A0 | ©Bi Bi OGANAARAOCDHET B
NOGT OOEI AA OOAOGAEI DPAT Auket @ travdil@ondeméeOBBDET T O
décrites en détail. Des enquétes a petite échelle sont menées et corroborent les
observations mentionnées cidessus.

, 6 AT OEAEEOOAT ABOARAROBGEDOEA AOAA AAO &I 1T AOE]
est proposé comme une solution a une partie du probléme. Un article de réflexion écrit
avec un socieergonome décrit les conséquences envisagées a court et long terme si

une telle idée venait a éte déployée.

La thése examine ensuite les possibilités et les limitations techniques du systéme le

plus utilisé de reconnaissance vocale en danois pour les applications médicales. Un

intérét particulier est accordé aux effets délétéres des différents bruitsh A &£l T A A S C
OAT T A Ad61T Pi OAOEI T8 4AT AEO NOA 1T A0 AOOEOO £
effet prédominant, les taux de reconnaissance en présence de fonds sonores communs

sont mesurés comme seulement légerement inférieurs aux performancesbtenues

AAT O O1 AT OGEOITTAI AT O eutsfont Au® GubsAud anpakttmajéug O A O
comme les mots a reconnaitre, les participants, le type de reconnaissance vocale (texte

libre ou contrdl€) ainsi que le type de microphone. Enfin, une architectureredondante

est proposée et réussia améliorer la fiabilité des reconnaissances.

I DPOT O AAI Ah O bDHOi 01 OUPA ABEIT OAOEAAA bl OO
reconnaissance vocale est développé en se basant sur les connaissances acquises aux
étapesprécédentes et sur des entrevues avec des médecins anesthésistes.

, 61 OAPA OROEAGATHIBOA OEAT AAO AAT O O1 OEI Ol AOA(
AAOGOETi AGO U AiipPAOAO 1A Dol Oi OUPA AOGAA
constituée A5 OT i« AIOAT AOAADEI Al AGEAO8 wl OB8ETI OPEOC
AAOG ~EEI AO ABAOOAT OAh OT A 11 OOENOA Obi AEAI
différences de charge mentale de travail, et pour permettrein fine de comparer les
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deux interfaces. Les résultatsi T T OOAT O NOA 1 6ET OAOZAAA OI AAI
A8 AT OACEOOOAI AT O AEAT DI OO AT 6000 AGn OT A 1A
AT i PAOAEOTT AOAA 186ET OAOZEAAA i1 AAOOTT ENOA OOA
Les expériences de simulatiorpermettent aussi de tester des strdst CEAO A8 AT OO0i A O
choisies pour le prototype (interface vocale mainlibres activée par un mot clef ;

combinaison de texte libre et contrél€), qui ont été satisfaisantes, méme en présence

de bruit de fond. Le fait de parler au systeme est apparenvisageable malgré des
progres nécessaires déa part de la technologie de reconnaissance vocale.

Les expériences présentées -@essus forment les résultats principaux de la these. lls

OTT O OOEOEO AGET OAOOECAOQOEI T O OAATT AAEOAOS

Via des questionnaires et autresi AEAAOAOOOR OT A 1 bHDPI 0061 EOF A
Ai b1 TEAI AT Oh 1 6AAAAPOAGETT AO T A OOGAAT O Ad Ol
partageant des caractéristigues communes avec le prototype susmentionng utilisé

pour produire des journaux médicaux de patents dans un hépital danois. La

satisfaction des médecins envers le systeme est modeste, avec une répartiticn

posteriori approximativement égale entre ceux en faveur et ceux opposésu

déploiement de la reconnaissance vocale pour transcrire les journaurmédicaux. Une

AAO OAEOIT O DPOET AEPAI AO Agbpl ENOAT O 16ET OAOEO,
nouvelles procédures de travail simultanément au déploiement de la technologie de
reconnaissance vocale, et qurequiérent un plus grand investissement entemps de la

part des médecins dans la production des journaux.

Qu

P EET AA AT 11 AAOCAO AAOG AiT1Ti A0 Pi OO T AEAAOEOAO
reconnaissance vocale sur la qualité des journaux médicaux, une comparaison en

aveugle est effectuée emme les anciennes et les nouvelles procédures de travail. Les

résultats montrent que les journaux produits avec la nouvelle méthode, impliquant

1 800EI EOAOEIT DI OOEAIT A AA 1T A OAATTT AEOOAT A (
Cependant, b différence négative entre la reconnaissance vocale et les secrétaires est

OAl AGEOGAT AT O mAEAT A AT OAOI A AA 111 AOA ABAOO!
les journaux qui suivent un modele fixe et utilisent des phrases routinieres. Ces

résultats ne doivent en conséquence pas étre interprétés comme montrant que la
reconnaissance vocale ne fourniD A O A A,Géroud AnCclrSidérant les autres

bénéfices comme par exemple das la réduction des délais totaux de production des

journaux.

La conclusion estque la reconnaissance vocale est une modalité trés intéressante qui
devrait étre utilisée dés lors que cela est approprié mais seulement dans le cas de
taches pour lesquelles ctte technologie est efficacefaceU A6 AOOOAO Al OAOT ADQE(
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Resumé pa dansk (abstract in Danish 1)

Denne ph.d-afhandling i menneske-maskine interaktion (MMI, informatik)
undersgger brugen af anaestesijournaler undekirurgiske operationer samt muligheden
for at supplere disse med ertalegenkendelsesfunktion til journalregistrering.

Problemstilling og -afgraensning er blevet identificeret og fastlagt pa baggrund af
eksisterende papirbaserede aneestesijournalesavel som gennemnyere elektroniske

systemer, herunder seerligt fastleeggelsen afde ergonomiskeforhold og det faktum, at

anaestesileegeunder travle perioder af anaestesiforlgbet har en tendens til at udseette
registreringen af medicinering og andre haendelser, hvilket kan fgre til mangler og
ungjagtigheder i anaestesijournalen.

Afhandlingen indledes med en undersggelse af anaestesijournalens rolle dgetydning
som arbejdsredskab under operationer. Arbejdsgange, der relaterer sig til operationer,
er ogsa behandletEnkelte mindre analyser erblevet udfgrt og bekraefter rigtigheden af
de ovenfor beskrevne observationer.

Det foreslas at suppleregreensefladen til den elektroniske aneestesijournal med en
talegenkendelsesfunktion som en mulig lgsningaf dele af problemerne. Overvejelser
udarbejdet i samarbejde med en ergnom-sociolog beskriver de kortsigtede og
langsigtede konsekvenser, hvis en talegenkendelsesfunktion indfares.

Afhandlingen undersgger herefter mulighederne og de tekniske begraensninger i det
mest udbredte talegenkendelsessystem pa dansk til medicinske apigationer. Af saerlig
relevans er konsekvensen af forskellig baggrundsstgja operationsstuer. Mens meget
stgj pa operationsstuen kan veere af afgerende negativ betydning for graden af
genkendelse, er genkendelsesgraden ved almindelig stgj kun en smule laweend den,
der opnas i et kontormiljg. Andre faktorer, sdsom de ord, der skal genkendes,
deltagerne, typen af talegenkendelsessystem (fri eller begraenset tale) samt hvilken
mikrofontype, der benyttes, har ligeledes stor betydning for genkendelsesgraden.
Endelig medfarer en foreslaet redundant opbygning af systemets arkitektur en stgrre
palidelighed i talegenkendelsen.

Herefter er en prototype af en greenseflade til enelektronisk anaestesijournal med en
talegenkendelsesfunktion blevet udviklet pa baggrund af den viden, der er opnaet i de
tidligere faser og gennem interview med anaestesileeger.

| den efterfglgende fase er foretaget fuldskala simulationer i anaestesnlogi, hvori
prototypen er anvendt til sammenligning med de eksisterende touchscreen og

! Grateful acknowledgements to myfiancée Rikke for her help in doing the Danish translation of this
summary
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tastatur-greenseflader. Inspireret af den matematiske kateori er en saerlig metrik til at
karakterisere den psykiske arbejdsbelastning ved brugen af de to forskellige
greensefladerblevet udviklet for at kunne sammenligne disse. Resultaterne viser, at en
stemmegraensefade medfarer en vaesentlig kortere tid mellem en haendelse indtreeffer
og registreres samtidig med at informationerne bliver mere ngjagtige sammenlignet

med den eksisterende elektroniske greenseflade.

Disse simulationsbaserede forsgg giver endvidere mulighedor at teste de strategier
der er valgt for talegenkendelsesfunktionen til prototypen, herunder handfri
stemmestyret greenseflade aktiveret af et tastatur og kombinationen af kommande og
fri tale-indstillinger, hvilket fremstod som vellykket, selv med omgvende stgj. Det
viste sig endvidere muligt at tale til systemet under arbejdet, selvom forbedringer i
talegenkendelsesteknologien stadig er ngdvendige.

De ovennaevnte simulationsforsgg danner grundlaget for hovedresultaterne i denne
afhandling. Sekundaere uindersggelser er derefter foretaget som en opfalgning.

Det har veeret muligt gennem spgrgeskemaer og andre indikatorer at analysere
brugeropfattelsen af indfgrelsen og brugen af et talegenkendelsessysteny der er
teknisk sammenligneligt med den ovenfor naevne prototype z anvendt til indfgring af
notater i patientjournaler pa et dansk sygehus Leegernes iifredshed med brugen af
systemet er beskeden og viser en neesten ligelig fordeling mellem de, defterfglgende
var for og de, der varimod indfgrelsen af stemmegenkendelse til transskribering. En af
hovedarsagerne til brugernes utilfredshed er begrundet i ng arbejdsgange 7
introduceret pd samme tid som talegenkendelsesteknologiery der kraever, at leegerne
bruger leengere tid pa at udarbejde journalerne.

For at opna mere objektive resultater af effekten af indfarelsen af dette
talegenkendelsessystem og kvaliteten af patientjournalernesr der foretageten blindet
vurdering til sammenligning af de tidligere og nye arbejdsgangeved registrering af
notater. Resultateme viser, at journaler udarbejdet med de nye arbejdsgange med
muligheden for brug af en talegenkendelsesfunktion indeholder flere fejl end de, der er
udarbejdet ved den tidligere anvendte metode, hvor en sekreteer er ansvarlig for
transskriberingen. Imidlertid er forskellene mellem talegenkendelses og
sekreteerbaseret transskribering relativt sma for sa vidt angar antallet af
transskriptionsfejl, og der er ingen forskelle for journaler, som fglger et fast og stadigt
tilbagevendende mganster. Resultaterne ma &ledes ikke tages som et udtryk for, at
talegenkendelse ikke medfgrer fordele, seerligt henset til gevinsterne som
talegenkendelse indebaerer, herunder eksempelvis i forhold til det samlede tidsforbrug
ved udarbejdelsen af en journal.

Konklusionen er, at talegenkendelse er en meget brugbar og relevant greenseflade, som
bar bruges nar situationen er egnet hertil men kun til opgaver, hvor den er effektiv
sammenlignet med andre alternativer.
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General introduction

General mtroduction

1 Presentation of the topic

This PhD thesis is rooted in the HCI (humancomputer interaction) field of
informatics, with some considerations about ergonomics andother human factors.
Test cases areonducted in the medical domain.

Common human-computer interfaces are screes, speakers (for output); keyboards,
mouses, microphones, webcamns (for input); or touch -screens (input/output).

This thesis deals with multimodal interfaces, which are human-computer interfaces
with a combination of input and output possibilities, in safety critical work

environments. More specifically, the focus is set onsupplementing existing eectronic
anaesthesia records with somespeechinput facilities during the operation s. Notably, a
prototype was developed to test various hypotheses.

Anaesthesia is the process of inducing, controlling and reverting the loss of some
perception z and of consciousness during full anaesthesig to allow patients to receive
surgery and other medical operations that otherwise would be painful or traumatising,
but also to ensure sufficient muscular relaxation for those medical acts to be possible.
An anaesthesia record is a document for the reporting, either manually or
automatically, of most of the vital signs during anaesthesia(e.g. pulse, oxidation),
medications and gases together with the most important diagnosis, observations and
various events on a time Ine.

1.1 Brief history of the topic

In collaboration with a hospital, t he first project proposals were supposed to address
limitations and problems with the paper -based version ofthe anaesthesia recordsThe
main idea was to design an electronic interface withtouch-screen and basic speech
input in Danish. It wasonly after a few months of literature survey and the beginning
of some interviews in other hospitals that | discovered that electronic versions were
already in use in about half of the hospitals in Demrmark. One semester after the
beginning, the project mostly dropped the paper-based issues to concentrate on
building upon the electronic version of existing anaesthesia record systems, sincthe
latter were already tackling many of the concerns regardingpaper-basedsystems.

Similarly, although some academicspeech recognition engines in Danish (fromAalborg
University) were known at the beginning of the project, it is only a few months later
that | discovered an industrial speech recognition engine in Dansh that freshly hit the
market. The project consequently dropped planned efforts on prototyping simple
speech input in Danish to favour a partnership with the company providing the
commercial system.
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2 Thesis outline

This thesis aggregates some of the artiels published during the two years of my PhD
studies dedicated to this topic (3 years in total from October 2003 to December 2006
minus one semester of studies and another semester of duties)The articles are
included in their chronological order, arranged in such a way that theyoffer a natural

and logical progression with minimal overlap, reinforced by additional transition

chapters.

The first part introduces the main notions, the topic, the rationale, the problem, the
research question and the envisagedolutions (partially based on[Alapetite 2005.a]%).

The following paper [Alapetite & Gauthereau 200%* aims at preparing the work, based
on an extensive literature review, interviews and direct observations. Written in
collaboration with a socio-ergonomist from the ADVISES network, we carefully studied
the work practices in anaesthesia, such as the use of the anaesthesia reco.few
surveys wereconducted to verify the reality of the problems. We then envisaged the
possible consequencef introducing a speech recognition interface in this theatre.
Finally, we sought comments from experts by presenting this work at a conference.

Thereafter, it was deemed necessaryto study experimentally in a laboratory the
possibilities and limitations of the available speech recognition technology in Danish
[Alapetite 2006]° that was to be used in the next prototyping phase Of particular
concern was the background noise found inthe operation room and its direct effects
on speech recognition by altering the audio channd, and indirect effects by affecting
users.Strategies to cope with background noise were also tested at this stage.

Based on theanalysis of thelaboratory experiments and lessons learned from previous
considerations and literature survey, a prototype ofspeech recognition interface for an
electronic anaesthesia record was developed. The graphic user interfage a mimic of

l[Alapetite 2005.a] Alexandre Alapetite. Voice recognition in multimodal systems: the case of
anaesthesia patient journal.In: Proceedings of the first ADVISES Young Researchers Workshop. Hans
H.K. Andersen, Asmatullah Nayebkheil (eds.), Risg National Laboratory (DK), Systemnalysis
Department. RisgR-1516(EN)2005 pp. 59.

2 [Alapetite & Gauthereau 2005] Alexandre Alapetite & Vincent Gauthereau. Introducing vocal modality

into electronic anaesthesia record systems: possible effects on work practices in the operating room

001 AAAAET CO T &£ %! #% 80y ! 11 0AT #1171 A£ZAOAT AA T £ OEA
September 1 October 2005, Chania, Crete, Greece; section |l on Research and applications in the medical
domain, 182196. ACM International Conference Riceeding Series, vol. 132. University of Athens,-20%,

ISBN:9-60254- 656- 5.

® [Alapetite 2006] Alexandre Alapetite. Impact of noise and other factors on speech recognition in
anaesthesialnternational Journal of Medical Informatics (2008) 77(1):687 (available online December
2006). doi:10.1016/j.ijmedinf.2006.11.007
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an existing anaesthesia workstation in use in one of our partner hospital. Subsequent
interviews with anaesthesiaphysicianswere carried out to reach a working prototype.

Once the prototype had been developed it was possible to undertake experiments

[Alapetite 2007]*. In order to ensure control and reproducibility, these experiments
were conducted in afull-scaleanaesthesia simulatorwith real anaesthesia teams. The
methods involved and the analysis of those experiments form the main resuk of the

thesis.

A few questions were naturally raised by this prototype experiment, for instance
regarding the possible deployment of such as systa. Although it was not possible to
envisagelarger scale experiments given the time and budget affected to th project,
there was a chance to studyz via questionnaires and other indicators z the
deployment, acceptance and success of a speech recognitionyssem (sharing
technological similarities with the above mentioned prototype) used to produce
patient records in another hospital [Alapetite, Andersen, Hertzum 2009]°.

Given the mitigated acceptance of the speech recognition system in the later hospital,
there were some doubts that thephysiciansresponding to our survey were not entirely

objective in estimating the impact of the new work procedure involving speech

recognition on the quality of the produced medical records. Therefore, a dedicated
quality survey was conducted[Andersen, Alapetite et al. 2007F, comparing samples
produced with the traditional system using Dictaphones and transcriptions by

secretaries, and samples produced with the new work procedure where thehysicians

are producing the documents themselves directly on a computer, with the possible
help of speech recognition.

Finally, a general conclusion summarises the results and highlights the main findings
and recommendations of the thesis

4 [Alapetite 2007] Alexandre Alapetite. Speech recognition for the anaesthesia record during crisis
scenarios.International Journal of Medical Informatics (2008) 77(7):448160 (available mline September
2007). d0i:10.1016/j.ijmedinf.2007.08.007

® [Alapetite, Andersen, Hertzum 2009] Alexandre Alapetite, Henning Boje Andersen, Morten Hertzum.
Acceptance ofSpeechRecognition by Physicians: A Survey of Expectations, Experiences, and Social
Influence. International Journal of Human-Computer Studieg2009) 67(1):3649 (available online August
2008). doi:10.1016/j.ijhcs.2008.08.004

6 [Andersen, Alapetite et al. 2007] Henning Boje Andersen, Alexandre Alapetite, Peter Ivan Andersen,
Aase Andreasen, Per Hglmer, Stig Jgrring, Claus Varnum. Blinded comparison of quality of medical

records produced with speech recognition or traditional dictation and transcription . To be submitted,

2007.
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3 Publications not included

During this PhD, about a semester of work in total is expected from the student for his
institution(s), namely ADVISES European training network, Risg National Laboratory
and Roskilde University. While most of it is not relevant for this PhD thesis and
therefore not included in the body of the thesis some selectedpublications are cited in
this section to provide the reader with the scientific background knowledge and
experience that have been gained during the PhD period. Undeniably, this has
contributed to the achievement of this thesis.

As part of my work for the TRENDS European project (The Resource Network
facilitating HSEQ (ealth, safety, environmental and qualityd Development for a
Sustainable Energy Industry, | developed an Open Source PHP migratory library for

PHP4/domxml to work under the newer PHP5/dom, which is used in at least a
hundred different products at the time of the writing and was the topic of an invited

publication [Alapetite 2004]2.

As a member of the @GAIN European network of excellenceon Communication by
Gaze Interaction, | have made a publication [Alapetite 2005.b]° on the accessibility of
Web documents.

The result of my participation in the SEE European project onSight Effectiveness
Enhancement, regarding infrared vision experiments in aircraft cockpits, is published
in [Andersen & Alapetite 2006]'°

! [ http://alexandre.alapetite.net/doc - alex/domxml - php4- php5/ ]

8 [Alapetite 2004] Alexandre Alapetite. XML en PHP5 avec la bibliothéque interne DOM (XML in PHP5
with the DOM internal library). Direction|PHP, special issue 1 Tout sur PHP5 (All aboutdP5),
September 2004, Nexen Services SA (Fran¢8pN:1765- 2634.
http://www.directionphp.biz/a_la_une.php?mois=2004 -h1

o [Alapetite 2005.b] Alexandre Alapetite. Content accessibility of Web documents: Overview of concepts

and needed standardsin: COGAIN (European Network of Excellencéhttp://www.cogain.org )

ART EOAOAAT A $58i O30A0A 1T &£ OEA A0S Sopienmbed2005I LangA OAT OAQE]T
version in RisgR-1576(EN)JSBN:87 - 550- 3546- 9, Risg National Laboratory, October 2006

'°[Andersen & Alapetite 2006] Henning Boje Andersen & Alexandre AlapetiteSEEz Sight Effectiveness
Enhancement, Results of the Aeronautical EvaluationSEE (European project) deliverable D6.3, December
2005. RisgR-1573(EN), Risg National Laboratory, November@& ISBN:87 - 550- 3541- 8
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Finally, as part of the compulsory collaboration between the various nodes of
ADVISES, a joint publication [Dokas & Alapetite 2006]* was written with the
University of Paderborn (Germany), mutualising our respective experience on experts
systems, and human computer interfaces with a focus on Web standards and
accessibility.

4 Note about digital references

When available, the scientific references in this thesis provide a DO¥ (Digital Object
Identifier Systen) aimed to easily locate a given article in a persistent manner. For
instance, an article with a DOI such as doi:10.1093/jhered/esh074 can be
retrieved at the following URL [http://dx.doi.org/10.1093/jhered/esh074 ].

Hyperlinks to Web pages are most @ the time provided to the original location of the
resource (without the superfluous wwwsubdomain prefix whenever possible) even if
the resourcehad already beenremoved at the time this thesis was submitted.

To see an archived version of a given Web @Ah OEA O)1 OAOT AO 1 0
- AAE BIm&y be used. For instance, if my Web page at Risg is removed

[http://www.risoe.dk/sys/Staff/[SPM/alal.htm ], an archived copy can be
retrieved by appending http://web.archive.org/ in front of the URL, giving
[http: //web.archive.org/ http://  www.risoe.dk/sys/Staff/SPM/alal.htm ]

An explicit link to the archived version is sometimes provided when there is a need to
point to a precise version rather than to the last available.

11[Dokas & Alapetite 2006] loannis Dokas & Alexandre Alapetite. A view on the Web engineering nature

of Web based expert systemsPoster paperintheprd AAAET CO 1 £ ) #Btérdadodab nAdh OEA
Conference on Software and Dataechnologies, 114 September 2006, Setubal, Portugal, pages-283 A
development process metamodel for Web based expert systems: the Web engineering point of view.

Long version in RisgR-1570(EN)JSBN:87 - 550- 3536- 1, Risg National Laboratory, October 206.

12 [nttp://dx.doi.org ]
13 .
[ http:/iwebarchive.org ]
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Speech recognition In  multimodal
systems: the case ofthe anaesthesia
patient record"

1 General background

1.1 About speech recognition

1 00T 1 AGEA OAAT CT EOEI T 1 £ EO.IOAd of themiktlsdrigus O O A O
attempts is from [Davis et al. 1952]with a circuitry capable of recognising isolaed
AECEOO ET %i ¢l EOE AZOAO AAET ¢ OowdfieAdars, e 11 A

size of the vocabulary has increased, together with recognition accuracyThen the
need to separate each word has disappeared, thus allowing continuous speech.
Although constrained language (based on a grammar describing the possible
sentences) is still extensively used nowadays in command & control, teleservice
applications, or when there is a need to get very high recognition rates, the more
challenging natural language recognition (free text) tendsto supplant the former mode

in many areas. Free text mode commercially available since the beginning of the
Y y y Toiffe@shpossibilities not achievable in command mode, mainly automatic
transcription of dictated text. Natural language recognition typically requires much
larger dictionaries (more vocabulary) and more complex highlevel processing.

Speech recognition engines are based owarious layers of processingZafar et al. 1999]
They typically have asignal-processing layer to discretize and prepare the signal(cf.
Figure 1) followed by an acoustical model to split the audio signal into a probabilized
sequence of phonemes.

A lexical model is then required to make a probabilized matching between phonemes
and real words in a given natural language. At this layer, many issues remain unsolved,
such as homonyms, in particular the ones that are lbmophone but not homograph,
together with oronyms (two distinct sequences of words with a similar pronunciation ):

Gnint spyd r @nince pi®d e

Of two witches would watch two watches, which witch would watch which
watch?0

This section uses some material from the following workshop article: Alexandre Alapetite. Voice
recognition in multimodal systems: the case of anaesthesia patient journalln: Proceedings of the first
ADVISES Young Researchers Workshop. Hans H.K. Andersen, Asmatullah Nayebkheil (eds.), Risg
National Laboratory (DK), Systems Analysis Department. Ris®-1516(EN)2005 pp. 59.
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To address those issues, a statistical language model provides probabilities of

transitions between words. Some speech recognition engines may include higher level

processing including grammar rules of the tageted natural language, and other types

of syntaxic or semanticknowledge. The final decision is a complex combination of the

probabilities of each level of processing.

Most of these layers can be trained with a corpus of data, and can learn from the user
himself/herself, but the tendency is to provide speech recognition systems that work
out of the box with less and less training required from the user.Speaker-independent
speech recognition (.e. without the need to train the system to recognise each us® 8 O
voice) has been available for a while forconstrained language and is spreading in
natural language recognition as well.
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Although technologically obsolete, there has been a regain of attention towards
simpler and lighter speech recognition engines e@er the last few years,as many
electronic devices such as mobile phones and GPS navigation systems in cars offer
basic speech recognition facilities.

Speech recognition is now available for many natural languagedn the case of Danish
which is arelatively small language spoken by about 5.5M people mainly in Denmark
the first commercial system appeared in 2000 with a language pack for Philips
SpeechMagié, followed in 2001 by a product from Nuancé[Dybkjeer & Dybkjeer 2002}

Speech recognition is still under a very active development, both in academic research

and in industrial solutions.

YT OEEO OEAOEOh xEAT OAEAOOET ¢ O OOPAAAE
I AOAO Ol AOCA O1T AAAOI AOU AThd niak IsyétenOBedid b d A A E
experimentsis in Danish and still speaker dependent.

1.2 About multimodality

Multimodal systems are characterised by humarmachine interfaces that go beyond
the traditional screen, keyboard and mouse.The use of the various input channels
(keyboard, mouse, speech recognition, eye tracking, gesture recognition, etc.) and
output channels (screen, sounds, speech synthesis, force feedback, etc.) are the- so
called modalities. It should be noted that some channels are inherently bidirectional
such astouch-screens haptic interfaces (force feedback) and some braircomputer
interfaces. Multimodality is the combination of multiple input and/or output
modalities in the same user interface together with additional software components
such as fusion, fission and synchonisation engines

Multimodality has been studied OET AA O ETRe fampys ®ot-Otaat-Thered y " 11 O
1980] concept was probably the advent of the field,by combining gesture recognition

and speech inputET EEO O- ATAeSfiAld Had reachied a new dinension with
technologies such as augmented reality, which make an extensive use of
multimodality as well as providing interfaces and experiences that would not be at all
possible without it.

2 [ http://speechrecognition.philips.com ]
3 [nttp:/  / nuance.com]
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There are different types of multimodality. Mainly, in the caseof input channels:

1. Overlapping or redundant input modalities are cases when those modalities can
be used to achieve the same type of input; in this situation, it is often up to the
user to decide whch modality to use. In the case of long inputs, some syems
may offer the possibility to switch between those redundant modalities.
Switching between modalities at any time during input requires a
synchronisation engine so that the use does not have torestart the input from
the beginning when picking another modality.

2. Complementary input modalities are situations when two modalities or more
are used simultaneously or sequentially to generate an input messagewhich
would not have been possible to expresdy using only one of the modalities.
This type of behavour requires a fusion engine that will combine the
information coming from the various channels given some synchronisation
rules.

Similarly, there are overlapping or complementary output modalities. Interfaces using
multimodal outputs may need a fission engine to split the information and/or select
the most appropriate channel.

Multimodal interfaces enrich human-computer interaction possibilities and provide
advantages such as an increase in robustness and flexibility.

However, there are some drawbacks sut as an increased complexity, together with
more hardware and software neededEven more than for traditional non-multimodal
interfaces, there is a need to better gras@nd model user activity, therefore calling for
some notions from e.g. cognitive psychology and ergonomics especially in safety
critical systems [Andersen & Andersen 2003]Of particular interest are frameworks
such as Cognitive Systems Engineering(CSE), especially in relation to modelling
human information processing; for instance, CSE identifies three classes of users
based on OEA OEOAA 1 AGAIT O T &# Ai106011 OEAO
[Rasmussen 198:93-104. Those are important concepts to be able to choosethe
appropriate modality in a given situation.

Some computer frameworks (e.g. W3C MMI?) and languageshave been developed
especially to facilitate the development of multimodal interfaces. An example of such
language is XHTML+Voice® (X+V), which is a combination of XHTML®, VoiceXML’,

* W3C Multimodal Interaction Framework [ http:/Amvww.w3.org/TR/mmi - framework/ ]

® XHTML+Voice [ http:/Avww.w3.org/TR/xhtml-+voice/ 1s

[http://www.voicexml.org/specs/multimodal/x+v/12/spec.htmI ]
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JavaScript, CSSaural style sheets or speech modulé® with some additional facilities
such asautomatic synchronisation between the modalities.

X+V has been used during the early phases of this PhD, to getamiliar with
multimodality, test some concepts, and even during lectures given about
multimodality on the Web ** As part of this preliminary work, | have demonstrated the
implementability of complementary multimodality with a simple ®ut-That-Theredtest

case using combined speech recognition and mouséd 1 1 T xET ¢ OOAO EIT BOC
xATO A TAx Al OA ONOAOA 8 OEAOAO®

When systems with a higher complexity are envisaged, componenbased software
engineering approaches haveemergedto tackle the problem [Bouchet & Nigay 2004].

Finally, multimodality can be combined with multi -platform systems (e.g.the user can

switch between a desktop computer and a mobile phone) to offer even richer
possibilities [Paternd 2004].

Yyl OEEO OEAOGEOh xEAT  OAEA Gffeh Tregundént inp@i O1 OE
multimodality, that is to say interfaces offering overlapping ways of entering
information where it is up to the user to selectthe most appropriate solution between,

say, touch screenmouse, keyboardor speech input.

1.3 About anaesthesia

Anaesthesia, which is the process of controlling pain and relaxation, can eithebe local
when the patient is conscious, orgeneal when the patient is asleep Under general
anaesthesia, the physician is also in charge of maintaining the vitalunctions such as
respiration, hemodynamics (heart rate, blood pressure and muscle tonus.

In occident, opium and alcohol were among the first anaesthetics for instance applied
by the French surgeonAmbroise Paréin the 16" century, sometimes calledthe father
of modern surgery. After primitive techniques using the anaesthetic effect of cold,
chemical anaesthetics forcontrolled local anaesthesia appeared in the late 9century,
with e.g. cocaine soon replaced by safer derivatives such aprocaine and later
lidocaine.

® XHTML Modularization : Modularization of the Extensible Hypertext Markup Language
[nttp:/iwmww.w3.org/TR/xhtml - modularization/ ]

"VoiceXML: Voice Extensible Markup Languagq http://imww.w3.org/TR/voicexml20/ ]

® ECMA-262: ECMAScript pttp://www.ecma - international.org/publications/standards/Ecma -262.htm ]
® CSS 2 Cascading Style Sheejsaural style sheets[http:/imww.w3.org/TRICSS21/aural.html |

°css 3 Cascading Style Shee)s speech module[http:/mwww.w3.0org/TR/css3 - speech/ ]
11[http://alexandre.allapetite.netjphd - risoe/mxml/ ]

Alapetite 2007: On speech recognition during anaesthesia. PhD thesis. 27



Speech recognition in multimodal systems:the case of the anaesthesia patient record

The first scientifically controlled general anaesthesia techniques were developed at the
beginning of the 19" century, mainly with the use of gazes such as carbon dioxiel and
later diethyl ether, itself replaced bychloroform. With the spreading of the techniques
came the first fatalities often due to untrained practitioners.

The advent of anaesthesiology has revolutionised surgery, considerably improving the
working conditions, patient comfort, and allowing types of operations otherwise
impossible.Nevertheless, safety considerations had very soon to be taken into account.
Thanks to a better understanding of human physiology, new drugs and new
anaesthesia apparatus including improved monitoring devices, he risk of death
imputable to anaesthesia has significantly decreasediuring the second part of the 20"
century, being about 70 times lower in ~1990than in ~195Q however, many errors are
still happening during anaesthesia, with human error responsible for about 7075% of
the casegChopra et al. 1992].

Therefore, in occident at least, most countries require anaesthesia to be supervised by
a specialised doctor. In some countries, such as Denmark, thanaesthesiadoctor in
charge can follow several anaesthesgaat a time, helped by specialisd anaesthesia
nursesthat must stay close to the patient. Finally, more research isrequired to further
decrease the number of (human) errors during anaesthesia.

The anaesthesia procedure and work practices are described more in details the next
article [Alapetite & Gauthereau 2005]with a focus on the topic of the thesis. In this
thesis, when referring to anaesthesia, it is most of the time general anaesthesia.

1.3.1 About the anaesthesia record

During a medical operation involving anaesthesia, the anaesthet record is important;
not only as a legal document, but also because it is used during the operatiog in
particular if a new physician is joining the team z as a communication tool, and to
make recall to the anaesthesiologists what occurred previously. fAie fact that the
document is an indispensable source of information during the operation is the main
reason for maintaining a reaktime system: the information entered into the
anaesthesia record cannot be just recorded (audio/video) and eventually transdped
after the end of the operation.

In operation rooms, registration of the patient record during anaesthesia has been
done manually on paper for a long time. Today, some anaesthesia departments have
switched to electronic systems. While electronic anaegtesiarecord systems are aimed
at solving most of the issues encountered with paperbased recording, there is still a
room for improvement, especially in emergency situatiors. In the case of electronic
records, the comments, in particular, are not describal as precisely as they could be,
partly due to the use of a keyboard, which is not a convenient input device in such an
environment.
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1.3.1.1 Mail survey on types of recording systems

A survey was launched in Denmark in October 2004, targeting by paper maidlmost all
the anaesthesia departmentsof the country (N = 47). 35 answers were received,
showing that 13 of them(m) did not use any form of electronic system and 4 used a
complete electronic system(m). The 22 departments that used partial or complete
electronic systems were using about 12 different systems. On the 29 paper models
printouts received, only 3 of ttem were identical, while all the others were specific to
just one anaesthesia department. This situation appeared to have an historical
explanation: the different departments progressively built their own system, with little
communication among each other.

2 Rationale

The aim of this research project is to study how multimodal interfaces, especially with
the addition of vocal interaction, could make recording during anaesthesia more
accurate, flexible and robust.

2.1 Context

Speech recognition engines have signitantly improved over the last decade thanks to
the introduction of new techniqgues and increased computer power. When used
carefully, as an alternative or a supplement to other more conventional modalities
(buttons, touch-screen, keyboard, mouse, etc.), sgech input can now be considered in
various safetycritical environments. Speech recognition technology has actually
already been used for some years in safety critical domains such as medicine [Deviret
al. 2000], military aviation and air traffic contro | [Lechner et al. 2007.

2.2 What is the problem?

The ideal anaesthesia setup is yet to be found, as current typical workplaces face
ergonomic problems such as the difficulty for the anaesthesiologist to see at the same
time the patient and the anaesthesia eletronic record.

Furthermore, in emergency situations during anaesthesia wherphysicians and nurses
are busy and maybe stressed, the registration process is delayed. This is a problem,
because postponing the registration often leads to uncertainty, inaccuray and other
errors. Furthermore, even in the case of adverse events, physiciangill not always
report and document the issues once the operation finished, for various reasons
including time resources or bad feeling in the case of error reports [Andersenet al.
2002].
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Besides if speech recognition is to be considered, a with other types of equipments in
safety critical domains, it has to match requirements such as reliability, accuracy,
robustness, fault tolerance, etc. Even withstate-of-the-art technology, there is still a
great need for improvement of these systems in order to match strict safety critical
criteria. Strategies such as redundancy should be investigated.ast but not the least,
human factors when using of speech recognition under emergncy and safety critical
situations should be investigated carefully.

Those issues are further described in the next section [Alapetite & Gauthereau 2005].

2.3 Why is this research needed?

There are some beliefs that adding some modalities to existing electronic patient

record systems,such asvoice, oould be beneficial for the quality of recording. Making

multimodal interfaces enables practitioners to choose between different ways of
registering, depending on the current situation (touch-screen, keyboard, voie, etc.).

Indeed, the different modalities do not have the same requirements (using hands,
standing close to the machine, noise and light conditions, etc.) and capacities
(accuracy, robustness, etc.).Speech input could be very valuable for anaesthesia
electronic record interfaces, as well as for commandingz in some casesz other

anaesthesia equipments $chmitz & Weiss 2004. This could be a good solution for
improving recording even in crises when the registration is most of the time delayed

with current interfaces and work practices

There have been a few attemptsto integrate speech recognition into electronic
anaesthesia record systems or monitorgSmith et al. 187; Smith et al. 199Q Sanjoet al.
1999 Jungk et al. 2000]. While their early results are interesting and promising, the
authors call for more research in particular on the human factors [Smith et al. 18B7],
on real time experiments [Smith et al. 1990, on identifying task areaswhere vocal
interaction can be beneficial] on evaluating ergonomic designs[Jungk et al. 2000] as
well as the effects on vigilance and contact with the patient Banjo et al. 1999. This
thesis seeks to respond to some of these calls.

A broader literature survey shows that ®me research has already been donewith

speed recognition in the medical domain, mainly as an alternative to medical

transcription [ Lai & Vergo 1997Zafar et al. 1999 Devine et al. 2000; Borowitz 2001;
Zick & Olsen 2001Al-Aynati & Chorneyko 2003; Mohret al. 2003} Another example is
[Detmer et al. 1995], who made some(izard of Ozd experiments with speech
recognition as an interface to a decision support system.However, most existing
applications are targeted at nonreal-time environments where physicians provide

dictation, perhaps in an office, where input and subsequent review and correction may
be made in batch mode. Consequently, there is little literature about realtime speech
input during operations or anaesthesias, whenspeechrecognition is not the primary

task.
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3 Methodology

The chosenapproach is based on adbn research [Baskerville 1999], and is artially
technology-driven; this is actually needed to investigate the potential of speech
recognition in application sfor which it is not entirely mature [Danis & Karat 1995]

The work is conducted in collaboration with expert users in three hospitals in
Denmark (Herlev hospital; Kage hospital; Vejle hospital). The goal is to improve
existing systems to do some experimentsand to validate some hypothesis, but not to
validate or to create a rew theoretical framework. Part of the researchis a loop of
prototyping and analysis. Some measurements of the impact of the new system on
work procedures and quality of recording are done and reported.

The project started by an extensive literature review, and several meetings with
anaesthesia expertsghysicians, nurses, engineers). They agreed on the fact that paper
based recording suffers from many problems. On the other side, | made interviews in
anaesthesia departments where electronic anaesthesigcords are used: even if there is
still some improvement needed, many of the traditional paper problems appeared to
have been solved. This seems consistent with a survey thayielded the following result:
onor 1T &£ T AAEAAOEIT AOOI 00 ardeAd® a iclinical AAT E(
unit/hospital when patient orders are written, and they drop by 90% when they are
A1 A A O (Prohowokt6200¢. Nevertheless, remaining problems together with new
ones introduced by electronic versions of the anaesthesia record have tbe addressed.
This first phase of dialog with experts in the field convinced me of the relevance of the
final topic and methodology, after they had been refined.

At this stage, the final goal is thus to create a prototype and testit in an anaesthesia
simulation environment, involving physicians and nurses performing simulated
anaesthesias and with measurements of the benefits of the prototype compared to
existing solutions will be made. To reach this goal, preliminary investigation and
intermediary experiments were known to be necessary as detailed later in the thesis.

An analysis of current practices isalso needed in order to establishthe phraseology
which is the definition of what could be sad to the system and how This is required to
build the grammar, which is the formal basis of what the system can accept, and
understand. Free speech, within a limited context,is also used to allow practitioners to
put some more detailed comments in the patient record. There are various technical
possibilities for implementing the expected prototype, and there is therefore a need to
think and to test various architectures and strategies
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3.1 Partners and contacts about speech recognition technologies

When doing applied research, it is important to ensure contacts wth up-to-date
technologies. Therefore, starting in March 2004 from Vejle hospital, pioneer in
Denmark on speech recognition adoption, | analysed some reports and visited some
places where usingspeechinput in the medical domain had been successful or hd
failed.

A contact was then establishedwith Max Manus™ a Danish company providing speech
recognition in Danish based on Philips SpeechMagit’technology. At this point, this
system hal indeed been put into daily use at the radiology department of Vejle
Hospital, and testedwith less successt the pathology department of Aalborg hospital
and the pathology department of Sgnderborg hospital [Hvidberg 2003].

In Denmark, apart from the Max Manus technology, there was also an apparently
successful use of voiceommands at Hvidovre hospital (demonstrated to the press in
October 2004), with the HERMES* system [Luketich et al. 2007 from Stryker
company, but limited to English (instead of Danish) and to short commands.
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Transition 1

Transition 1

This first part (partially based on [Alapetite 2005.a]) was dedicated to the
familiarisation with the topics, the related literature, partners and other contacts,
together with the state of the art.

Consequently, this allowed the establishment of a more precse and stable research
guestion, namely on investigating the potential of speech inputz as a supplement to
the traditional touch -screen and keyboardz to address some of theapparent problems

and limitations of human-computer interfaces to electronic anaesthesia record
systems.

It was then required to gain knowledge on this specific research question.
Furthermore, in the ADVISES research networkthere was a rich pool of competences
in ergonomics and sociology This was gving insight to use their background to deeper
understand the current work practices around the anaesthesia record, as well as
planning the research to come by thinking of the possible direct and indirect
consequences of the envisaged modificatins, such as the introduction of speech
recognition.

This primary reflection was considered important, not to embark on conceptually
wrong directions. This was also necessary to identify points of interest to keep in mind
when progressing towards a prototype and when doing some evaluations.

Written in collaboration with a socio -ergonomist from the ADVISES network the
following paper [Alapetite & Gauthereau 2005]is undertaking this work, based on an
extensive literature review, interviews and direct obserations.
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This section is amodified version of the following conference article:

Alexandre Alapetite & Vincent Gauthereau Introducing vocal modality into electronic
anaesthesia record systems: possible effects on work practices in the operating roonm the
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Abstract

The work reported in this paper is part of a project aiming at introducing vocal
modality into the electronic anaesthesia record in Denmark. The purpose of the paper
is to offer a basis for comprehendingthe use of anaesthesia records in work practice, to
list the current main issues and possible improvements, and finally to foresee the
impact of the addition of a new voice interface. The presentpaper is the result of a
collaboration between an engineer, involved in making prototypes of the system
described above, and a sockergonomist. The analysis is based on a literature review,
interviews and direct observations.

Keywords
Anaesthesig electronic records; patient; voice; speech
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1 Introduction

Problems in the way paperbased and electronic anaesthesia records are filled during
anaesthesia have been observed, such as anachronisms, temporal defects dadking
entries. In response, t has been sugested that a way to surmount these deficiencies is
to offer anaesthesiologists a voicebased input modality to an electronic record
[Schmitz & Weiss 2004. Some attempts have been made$anjoet al. 1999;Jungket al.
2000], and are calling for more reseach, on identifying precise subtasks where voice
input can be beneficial, on the specific humancomputer interaction, such as
feedbacks, and on the tradeoff between vigilance and visual contact with the patient.
Some studies have demonstrated the usefulnes of activity modeling in anaesthesia
interfaces [BeuscartZéphir et al. 200}, but they focussed on the preoperative
consultation. On top of technical difficulties, other issues and a number of research
guestions need to be considered, such as the diéfent roles of the anaesthesia record,
and the prediction of possible impacts of the new technology on the activity. A
detailed analysis of the activity should allow us to extract some guidelines to be used in
future experimentations of the new tool. The implications of the modification of tools
on work practices are also taken into account.

2 Focus of this paper

We leave aside a first set of questions, which has to do with the underlying assumption
behind the problem as defined above, and raises the issue ok EAOEAO A
anaesthesia record is a one that is fully and correctly filled. To say a word about this,
we often take for granted that increasing the amount of information in the record, and
allowing this information to be filled synchronously to the o perational reality is a good
objective. However, interviews have shown the difficulty to differentiate between
important and unimportant information in electronic anaesthesia records that were
OFDI 1 U8 AEI 1 Adthn recdtds, thfat werk visiblk indomplete, important
information was easier to identify. Moreover, while extending the file,
anaesthesiologists do not focus on the patient. This area of issues around the question

OCi 1T A

I £ xEAO A OCIT A6 OAAT OA EO OEOGOfreeddE A A OAO

an operation or outside the operating room, and the interests of anaesthesilogist in
AEI 1 ET ¢ OEA OAAT OAO O4&O01 1 UGS

A second set of issues concerns the changes that the new technology will have on work
practices, both in the operating room and outside. For instance, in the operation room,
we can expect that the new modality might affect the existing communication
schemes. In order to start comprehending these issues, we need to have a reasonably
complete picture of the activity of the anaesthesbplogist, and the role of the record, at
least in the activity around the patient.
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The present conference article will focus on the second set of questions. The aim of the
present work is to describe the activity of the anaesthesilogist and of the roles of the
anaesthesia record in this activity. In fact, while we believe that the first set of
questions (the one left aside) is centralwhen seekingto validate the new technologyin
relation to patient safety [Gauthereau 2004, we also believe that wefirst need to
comprehend the activity itself, if we ever wish to understand the mechanismsbehind
its evolution over time [Lave 1998

3 Electronic anaesthesia records (EAR)

3.1 Introduction to anaesthesia

Anaesthesia is a medical act aimed at reducing the paiand consciousness of a patient,
in order for him to receive a medical act such as surgery. There are various kinds of
anaesthesia; some of them are only targeting an area of the body, with the patient still
awake. In this paper, we will mainly focus on germral anaesthesia, which is applied to
the whole body and keeps the patient asleep using various kinds of drugs
administration, such as induction agents to produce unconsciousness, analgesics to
reduce pain, muscle relaxants, inhalation agents to keep the mconsciousness, etc. In
many countries, general anaesthesia can only be conducted by a specialist doctor. In
some other countries however, nurse anaesthesiologists may deliver anaesthetics,
normally under the supervision of a specialist doctor. In this paph Oh OAT AAOOEA Ol
refers to the practitioner, doctor or nurse, directly in charge of the patient. During
anaesthesia, many choices have to be made by the practitioner, based on knowledge,
monitor trends as well as direct observations. This activity & reported in the
anaesthesia record (AR).

3.2 Importance of the anaesthesia record (AR)

During anaesthesia, the main task is to take care of the patient, so the AR is a
secondary task. This means that anaesthesiologists do not necessarily have much time
to do it. They may be stressed or not fully concentrated on the record keeping; they
sometimes postpone it after the operation and have to rely on their memory. But the
AR is important, not only because it is a legal document, but also because it is used
during operations to communicate and make available what has occurred previously,
especially to support a quick oral briefing if someone joins the team. Indeed, at the
organisational level, some hospitals base their incidents recuperation strategy on
experienced anaesthesiologists joinirg the medical team in a minute [de Keyser &
Nyssen 199

An analysis has shown that 70% of reported anaesthesia incidestwere related to
human errors [Chopra et al. 1992, and a study of some accidents shows a lack of
functional communication in the medical team [de Keyser & Nyssen 1993
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The fact that the document is an indispensable source of information during the
operation is the main reason for maintaining a reattime system: the information

entered into the anaesthesia recod cannot be just recorded (audio/video) and

eventually transcribed. It is also used as a verification mechanism; fomstance, some

anaesthesiologists believe that it is better to fill the anaesthesia record before
transfusing some blood to the patient, in order to ensure that the codes are checked
correctly before any critical administration [ de Keyser & Nyssen 1993

What is actually recorded in the AR and how, reflects local customs, but the AR must
at least contain the main vital signs €.g. heart rate), time, techniques, route and dose
of the administrated drugs, as well as the main eventsd.g.surgery started).

3.3 From paper templates to electronic systems

In operation rooms, registration of anaesthesia records during anaesthesia has been
done manually on paper for a long time. However, it is well known that hand-written
documents in the medical domain are a common source of communication mistakes.

I OBOOOAU UEAI AAA OEA A 111 xETC OAOOI 6d ORGT |
discharge from a clnical unit/hospital when patient orders are written, and they drop
by 90% whenOEAU AOA [BrondvAsDZD03. Mdkedver, handwriting is quite
time consuming and forces the practitioner to leave the current task to use pen and
paper. Therefore, espemlly during busy and perhaps emergency phases, staff will
sometimes defer writing down the information in the anaesthesia record. In turn, this
may lead to the risk that practitioners might forget or misremember data, which will
produce misleading information with potential impact on subsequent phases of the
anaesthesia.

Furthermore, in contrast to electronic systems, paperbased recording does not
provide much barrier to ensure that the provided data is consistent; it is filled and used
in various ways bythe different practitioners, creating inconsistencies, and there is a
lack of space to write the remarks or some other precisions.

As a result, it seems that a substantial percentage of anaesthesia paplkased records
are incomplete or contain errors [Hamilton 1990]. This is in agreement with a rapid
small-scale analysis we did in June 2004 at Herlev University HospitalGopenhagen
county, Denmark), which uses paperbased recording. 55 records were randomly
chosen and computerised without correction by a hghly skilled anaesthesia nurse. As
examples, only 7 (13%) specified the ASA (American Society of aesthesiologists)
physical status classification, which is recognised to be important, and 14 (8%) did not
provide any information about the time when the operation or the anaesthesia ended.
We then focused on obesity, as it is easy to establish inconsistencies automatically.
Out of 55 files, 42 (76%) contained valid weight of the patient, which is a required
information. 15 files (27%) provided additional information about height, which
allowed us to calculate the body mass index (BMI). When BMI >= 30, it is likely a sign
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of obesity; this was the case for 9 files, and out of them, 8 (89%) had not checked the
obesity field, as they should have done.

Finally, the sometimes hardto-read handwriting presents additional problems that are
not always trivial. This makes those files difficult to use, especially when they have to
be transmitted to another department or hospital. Some observers have therefore
argued tha0 OEAOA EO A 1T AAA /E O A datimbradededid
OUOOAIT & $chniitz & \Weissr 2004. Today, some anaesthesia departments have
switched to electronic systems, including an electronic anaesthesia records.

We did a survey in October 20Qt on almost all the anaesthesia departments in
Denmark. Among the 35 responding departments, 13 (37%) did not use any form of
electronic system, 14 (40%) used a complete electronic system, and the 8 (23%) left
used a partially electronic system.

4 Descriptio n of the problem

4.1 Current problems with EAR

While electronic anaesthesia records (EAR) seek to solve most of the issues
encountered with paper-based recording, there is still room for improvement. The
comments, in particular, are not described as preciselyas they could be, partly due to
the use of a keyboard, not convenient in such an environment. Whenphysicians and
nurses are busy and maybe stressed, the registration process is often delayed, which
can lead to omissions, uncertainty, inaccuracy, resulting in anachronisms. There are
some events that do not require precision, and five minutesaccuracyis fine for most
cases, butthis can be difficult to achieve with the current interface.

Moreover, observations in 3 other hospitals in Denmark (Kegge, Frederigberg,
Bispebjerg) have shown that the touchscreen used in the current interface is often
placed behind the anaesthesiologist, which is not especially convenient, as it makes
difficult seeing the record and the patient at the same time (f. Figure 1). Inaddition,
no alternative pointing device has been observed, in case the touclscreen would fail,
even though difficulties with the touch -screen have been noted, like when using
menus. In addition, the small font size forces some users to change glasses tead or
fill the record.
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Figure 1: Anaesthesia theatre

5 What to improve in the records?

Today, electronic patient data such as heart rate, blood pressure, etc. are automatically
recorded. However, other information, such as patient current skin colour, is equally
important to the anaesthesiologist. Furthermore, validating, labelling and commenting
the data automatically recorded could be very useful for later interpretation. Even if
this is already possible in the observed systems, it is rarely done. Impwring the quality
of the data being recorded during the operation should support different functions in
which the records are being used during this operation.

5.1.1 Support for decisions

Anaesthesiologists like to see the parallelism between the vital signs andactions
undertaken. While this is already true and efficient today, it could be improved with a
more complete and accurate timeline of simultaneous actions and comments. Also,
considering future possible developments, we can see that some efforts have bee

i AAA O1 1T AEA AT AAOOEAOGEA 1 11TEOQI OO0 AT A Al AOi O
more concise information; but those systems are limited by the lack of relevant data:
o116 Al ET & Of AGETT AAT AA CEOAT AU OEA i1

busyo deyGraafet al. 1997.
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5.1.2 Support for memory

The AR is often used as a memory support, especially during long or difficult
operations. Since gathering relevant information is laborious, it is important to
improve the way it is recorded; otherwise, epecially when workload is high, the
anaesthesiologist will tend to rely only on memory, which can be a source of errors or
time delays.

5.1.3 Support for communication

The AR is used as a support for verbal communication between the different actors
involved in the anaesthesia. Observations have shown that they point to precise areas
on the record while talking and explaining things. Insuring that the EAR is up to date
is therefore crucial.

5.2 Why introducing vocal modality in EAR?

It has been thought that vocal modality could improve the way EAR is being filled out

[Schmitz & Weiss 2004. If it can provide a faster interface, it would be especially

useful for short anaesthesias, like abortion or appendicitis, when the time spent to feed

the record is sometimes longe than the operation itself. We believe voice input would

AA AOPAAEATI T U OOEOAAIT A O OOAT AAOA AT I 1 AT A
important benefits would be gained if voice can avoid postponing the registration,

which creates a loss of precisiontakes extra time and resources.

5.2.1 Speechrecognition in the medical domain

Improvements in speech recognition have allowed successfulproject in the medical
domain [Devine et al. 2000], such as voice commands to assist surgery at Hvidovre
hospital (DK, 2004) (in English). With speech engines available in Danish, some
systems have been put into daily use, such as diagnosis dictation at the radiology
department of Vejle Hospital (DK, 2003) and are rapidly spreading to other
departments: anaesthesia in October2005 (Philips/Max Manus voice technology).
However, most existing applications are targeted at nonreal-time environments:
physicians provide dictation, perhaps in an office, where input and subsequent
reviewing may be made in batch mode.

Consequently, there is little literature about real -time speech input during operations

or anaesthesias, wherspeechrecognition is not the primary task and where there is a
need of processing, interpreting and validating more complex speech in order to react,
to do precise actions or verifications, to write in the correct fields and to move between
them [Smith et al. 199Q.

Alapetite 2007: On speech recognition during anaesthesia. PhD thesis. 43



Alapetite & Gauthereau 2005introducing vocal modality into electronic anaesthesia record
systems: possible effects on worlpractices in the operating room

5.2.2 Differences with existing medical voice interfaces

Current speechrecognition systems in daily use in the medical domain, such as for X
ray diagnosisin Vejle hospital, provide an efficient way to enter plain text into the
system.However, this kind of application differs from the EAR in two respects

First, as described before, the anaesthesia record is not the main task of the
practitioner, while it c an be considered as the main one for Xay diagnosis. This
situation creates additional difficulties for speech recognition with a noisy
AT OEOTT1 AT Oh DBl OOEAI U xEOE 1 OEAO PAI PI A
voice because of stress, a mastovering the mouth, body movements and postures.

The second point is that in current systems, recognition is made in a free speech mode,
which means that the user does not have many constraints in the way sentences are
formulated. In return, the system delivers a block of plain text with no interpretation
(the computer does not know what to do with the data), no verification (ranges, units)
and almost anything could be said. When this method is perfectly adapted for writing

a typical 15line summary, it is not directly suitable for filling an anaesthesia record.
Since the anaesthesia record is composed of several areas with fields that are meant to
contain various kind of information, the speechrecognition system has to be able to
determine where to store the data, in order to use the correct format and to limit the
range of what is acceptable (numbers, units, medications, etc.).

For filling in the anaesthesia record by voice, the anaesthesiologist will have to use a
set of commandsz based on keywordsz to quickly navigate in the form, like moving

between the fields. This phraseology (the way to speak to the system) can be extended
with high -level sentences dedicated to the main events that occur during anaesthesia,

OPAAE

OOAE AO OET OOAAOQEIT 1 dddesthaiodgisAndtAd have Adeh tirmé © OE A

explicitly specify the targeted field. Those commands and highlevel sentences can be
recognised by thespeechrecognition system and associated to a meaning.

Relying on a precise phraseology to address the syste the speechrecognition engine
is not only able to return some plain text, but also to react, to do precise actions or
verifications, to write in the correct fields and to move between them.
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6 Modifying work tools and its implications on work

practices

As we are modifying work tools, it is crucial to be aware of their important role in
human activity. In accordance with the activity-theory research tradition, we
understand activity as basically mediated. That is to say, in order for a subject to
perform an activity, there is always use of a mediator. This mediator can be either a
physical artifact, or a symbolic one, or both simultaneously. The physical environment
has structuring properties fundamental to cognition, as do artifacts whose structures
are the products of a more or les long sociatcultural process [Nardi 1994.

Given the complexity of tools usage in human activity, predicting all the implications
of a technical change on work practice is almost impossible. Tools are used on
different levels (instrumental or semiotic) and support different cognitive mechanisms.
Moreover, their usage highly depends on the level of expertise of the user. While some
implications of technological changes can be predicted, not all of them can. Validation
of new technology while in need of in-depth studies of the actual activity, thus needs a
stage during which the new technology will be introduced in a practice in order to
study its actual effects on work practice.

Activity -analysis can support innovation but should not be used too much as a brake:
not being able to predict all the implications of a technological change should not be
used as a reason to stop the innovating process.

7 Use of electronic records in the activity

In order to highlight consequences of modifying anaesthesia work tools and to achieve

a well functioning solution, we need to test prototypes in simulated environment. A

CiTA OOAOOETI C DHPIETO EO Ol OAOO OEA DOET A
experiments in which a perfect version of the tool wil be simulated by humans. In

order to prepare this set of experiments, we should have assumptions about the
impacts that can be observed. The first step is thus to understand the current practice

[Gravenstein 1989.

In this section, we are going to desctbe the activity of anaesthesia linked to surgery in

an operating room. The main objective of anaesthesia in relation with surgical

I DAOAOGEIT EO O AT AAIT A A OEOOAOEIT OEAO Al
while this is the assigned objetive, anaesthesiologists have another main goal: to
maintain the patient as close to consciousness as possible. It is thus a situation in

which anaesthesiologists are dynamically controlling the level of consciousness of the

patient in order to limit as mu ch as possible the depth of anaesthesia while at the same

time enabling the surgeon to perform his task on a patient that is nonreactive.
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We can identify 6 mains phases in an operation with anaesthesia: a preperative
phase, a preanaesthesia phase, amduction phase, a regulation phase, a possurgical
phase and a postoperative phase €f. Table 1).

Table 1. Main phases of anaesthesia.

Anaesthesia process

Peri-operative
Pre- 5 Post
. re- . . .
operative .| Induction |Maintenance| Recovery | operative

anaesthesia

7.1 Pre-operative Phase
The main goal of this phase, which can be performed some days before the operation,
is to establish the profile of the patient during an interview.

At that moment, the anaesthesiologist prepares the case, taking forth the patients data,
in order to establish a risk level for each patient. This risklevel (ASA class) influences
the procedures that will be in use during the operation. For planned operations, this
evaluation is done through an interview of the patient, which is the occasion to
establish the general health profile of the patient, current medications, etc.

Today, in Denmark, even when electronic records are in usephysicians generally use
paper-based documents and will have to reenter the information in the computer
system. This appears to be mainly due to financial considerations and lack of
interoperability among systems, and should be solved soon.

7.2 Pre-anaesthesia Phase

This phase usually takes place in the operating room itself, or in a preparation room in
which everything will be settled and then moved all together in the operating room.
The main goal is to prepare the anaesthesia: the patient, the equipment, the monitors,
the drugs, etc. This phase begins a while before the arrival of the patient, to start
preparing the drugs, and the equipment. For instance, the drugs are put forth and
labelled. Once the patient arrives, the anaesthesiologist will first check the patient
identity, and the kind of operation expected. During this phase, the anaesthesia record
starts to be filled with information about the patient and the anaesthesia team. Sensors
OOAA OiF OAAT OA OEA DPAOGEAT 060 OEOAI OECI O AO,
patient. The anaesthesiologist also explains to the patient what is going to happen. At
this stage, the anaesthesiologist is typically assisted by another one.

7.3 Induction Phase

The induction phase starts with the administration of the first drugs. The
anaesthesiologist is very active and needs to manage several tasks simultaneously,
monitoring the consciousness level of the patient in order to intubate when it is
appropriated.
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During that phase, the anaesthesiologist needs to carefully follow the patient vital
signs, both from the monitors and from the sight of the patient, while at the same
time, more anaeghesia drugs must be administrated. Once the patient is intubated,
the anaesthesiologist can rely a bit more on the artificial breathing system. Until then,
the anaesthesiologist actually needs to support the natural breathing function of the
patient using a manual breathing system.

In the observed situations in Denmark, two anaesthesiologists are present during this

phase (typically an anaesthesia doctor and nurse) mainly communicating by looking

AO AAAE 1T OEAOS8O AAOQGET T Oh x aukelrepdiediinGhd EAROAT EE
as soon as one of the anaesthesiologists has time to do it. Most likely, the one
monitoring the patient and in charge of intubating the patient is not the one who will

fill up the record. This step is quite short, as it lasts fa about 5 minutes.

4EA 1T A0 OOAD EO OEA ET OOAAOEIT EOOAI £h AT 4
can start. This takes another few minutes. At the early stage that follows the
intubation, the anaesthesiologists tend to verbalise quite much tothe other nurses.

With time, this will decrease to the benefit of verbalisation to surgeon. Focus is then

more on the monitors and less on the patient.

7.4 Maintenance Phase

When surgery has started, there isusually only one anaesthesiologist left(typically the

nurse), who constantly takes care of the patient, and administers drugs that will keep

OEEO 1T A ET Al O1 AT 1T OAET OO OOAOA8 4EA Al AA
health because of drugs side effects and surgery, like impact on blood presre, heart

rate and breathing.

During this phase, when surgery has started, the anaesthesiologist must be especially
vigilant about vital signs of these basic functions. Since blood pressure and heart rate
are not only impacted by the anaesthesia drugs, bt also by the surgical act in itself,
the anaesthesiologist needs, once changes in these vital signs are detected, to identify
the specific cause behind these perturbations. The identification might, on the one
hand, help the surgeon to detect an error (sich as a cut of a wrong blood vessel), and
on the other hand, alert the anaesthesiologist about a dangerous reaction of the
patient to the drugs.

yl T OAAO O1 1 TTEOI O OEA DPAOCEAT 680 OOAOOON
providing vital signs, bOO A1 01T AO OEA DPAOGEAT O AT 11060 1
hydratation level, pupil dilatation). Electroencephalogram (ECG) can sometimes be

used, as they can help anaesthesiologists by providing data regarding the

consciousness level of the patient.
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Since this phase has normally a lower workload than induction and recovery, the
anaesthesiologist usually takes time to complement the record for the previous phase.
Today, when vital signs are automatically recorded, the anaesthesiologist must pay
attention to the validity of this data, and also needs to enter data regarding the drugs
used (changes in concentrations, injections, etc), and main data regarding the surgical
act (at least start/end of surgery).

This phase is a lonely one for the anaesthesioljist. In case there was some help during

the induction phase, the second anaesthesiologist has left the operation room shortly

after the maintenance has started. Moreover, other nurses are usually more concerned
by the surgical act than by the anaesthesia

The vigilance and activity level of the anaesthesiologist may vary, during the different

phases of the surgical act, but also from one patient to anotheone. For critical cases

(i.e. high ASA classes), the anaesthesiologist will anticipate more on whatould go

wrong. In general, one could say that there is a constant need of anticipationfor

instancedg OEA ET AOOEA 1T &£ OEA AT AusO OAAAOEITT OI
The anaesthesiologist also needs to follow the surgical act, as this informain will be

used in order to anticipate the beginning of the recovery phase fle Keyser & Nyssen

1993.

7.5 Recovery Phase

At this stage, surgery is about to be finished and a secondary anaesthesiologist has
often joined the team. Anaesthetic gases have alreadipeen stopped, by anticipation.
When recovery can actually start, the antidotes will be injected, especially in order to
reverse the effects of muscle relaxants. By the end of the recovery phagehe patient
still being unconscious z, the anaesthesiologis extubates the patient just before this
one wakesup. The main preoccupation of the anaesthesiologist at this moment is that
the breathing function becomes natural again.

This transitory phase is complex for different reasons. Firstly, as we said, the pint
needs to breathe on his own again. Secondly, the surgery being over, nurses will start
cleaning up the patient, for instance by taking away compression points. In fact, since
this is a more complex task with more simultaneous things to be done, the
anaesthesiologist is often assisted, as in the first two stages. The division of tasks
follows a traditional schema, so both the anaesthesiologist and the assistant know in
advance who will do what. Normally, the anaesthesiologist and the assistant only
discuss about sharing tasks when there is a need to modify the traditional division of
labour, for instance when one of them wants to practice specific actions.
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Here once again, the anaesthesiologist needs to enter data in the record, typically
restricted to factual data such astime of extubation, injections, etc. Thanks to the
anticipation of the anaesthesiologist, this recovery phase lasts approximately 10
minutes. It is the responsibility of the anaesthesiologist to decide when the patient is
conscious erough 7 e.g.to reply orally z and can thus actually leave the operation
room, to be handed over to the recovery room.

7.6 Post-Operative Phase

After a general anaesthesia, vital signs will continue to be monitored and reported in
the AR. Together with the patient, the anaesthesia record is transferred to the recovery
room. So far, the patient record contains both preoperative data as well as the AR with
a description of what happened during the operation. Furthermore, the
anaesthesiologist has put some specificomments into the AR, which will be used by
the nursesin the recovery room to know how to handle the patient.

7.7 The case of crisis situations

In the previous description, we have not discussed the case of crises that may occur
under a planned operation. Exen if we have not yet observed such crisis situations, we
know from interviews that under those circumstances, filling up the record has a low
priority to the eyes of the anaesthesiologist. Even though this level of prioritisation
decreases, a wellnformed record is, in these cases, even more important. Indeed,
these abnormal situations are the most interesting ones to analyse and comprehend.
From that particular standpoint, records that are properly filled out are important. Not
only it is interesting afterwards, but also during the operation itself; as crises are very
demanding, the anaesthesiologist needs to take complex decisions that require good
supports. In such a case, it is especially important to clearly see the relations between
the vital signs, the drugs administrations and other undertaken actions. Being able to
link these two sets of data should enable better decisions to be made.

8 A focus on timely constrained phases

Returning now to the study of the implication of the new tools, we can easilyidentify
two major categories of impact. The first category is directly linked to the new
modality: how does the use of this new modality influence the concurrent activities?
The second category is linked to the product one wishes to obtain thanks to this
modality: how can a better-filled record affect the upcoming activities. In order to
analyse the potential impacts of the new interface, we assume that the vocal modality
is used as intended, that is to say, data is recorded more or less in reéine.
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8.1 Impl ications on concurrent activities

8.1.1 On the anaesthesiologist himself

During the induction phases, but also during recovery, the anaesthesiologist is quite
active physically, and to record data by talking is yet another simultaneous task. On
the one hand, one could argue that this could increase the workload of the
anaesthesiologist, but the new task actually consists of verbalising current activities,
that is to say, no new task is created that would be independent from the existing ones.
On the other hand, tEA AT A A OOE A &énbclolisizEsn@itt Be indbfovedE
During the maintenance, which does not require a lot of physical activity, the vocal
modality is less needed. Regarding the impacts of the new technology on the
anaesthesiologist himselfherself, differences with induction and recovery phases are
minor, at least qualitatively.

8.1.2 On the interactions with other medical staff

During high-AAOEOEOU BDEAOAOh OEA AT AAOGOEAOGEI 1T T CEOO
receptive to others. There is thus a potentialimpact on the communication from other

staff to the anaesthesiologist. During these phases, the most rpbable person to

interact with is the second anaesthesiologist. Nevertheless, oral communication

between these two persons is kept low, at least under nonal circumstances.

The other potential negative impact is on how others pay attention to the
AT AAOOEAOET Wé iaizeGundatlerndlivel hifpstheses: either people will not
listen anymore, or in the contrary they will listen to everything said, even what is not
of interest for them. It is also important to pay attention to the impact on the work of
other medical staff. Choosing an appropriate microphone can reduce the negative
impact by allowing quiet dictations.

8.2 Implications of verbalisation
According to Ericsson & Simon [Ericsson & Simonl984, three levels of verbalisation
can be identified.

The first level refers to situations where it is a matter of saying loud something without
transformation, such as numbers or words displayed on monitors. Thiskind of
verbalisation is very reliable andincreases the cognitive load very slightly

The second level requires creating dedicated sentences, such as a description of the
DAOEAT 08 @boud thé& bakic action that have been done. This is considered
reliable, even if it increases a little the workload.
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The third level, which is considered less accurate, implies additional cognitive

processing, as it is about giving opinions, making inferences and filtering or using
long-term memory. This is the case vihen reporting diagnosis, or reasons of specific
past actions. This kind of verbalisation reduces the speed of the main task, and they
are especially difficult when related to automatic actions with little consciousness,

which are common for expert users.

The implications of verbalisation with speech recognition facilities will likely vary
according to the level of consciousness of each reported fact. As people will naturally
need to check if they are understood, an appropriate feedback is needed to limit th
distraction.

8.3 Implications on upcoming activities

If voice facilities are deployed successfully, time should be saved for more careful
monitoring, and the better quality of the EAR should support more effective diagnosis
and actions.

8.3.1 Long term effects (of correct use)

During transition phases such as when a new actor is joining the medical team, there is
the risk that a detailed EAR will lead to less communication, as the needed information
will be wrongly taken for granted.

8.3.2 Long term potential drifts int he usage of the tool
There is a risk that new secondary tasks, not directly related to anaesthesia, will be
assigned to the EAR, like recording more about the surgery act.
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9 Developing the voice interface
In this section, we propose a methodology to build te first prototypes needed to
answer the questions described above.

Based on action research, the development will be an iteration of prototypes and
experimentation. The first step is to establish task requirements and user needs. A set
of spoken commands has to be defined to control the system,such asto navigate
between the different parts of the patient record. More generally, the phraseology the
way to speak to the systeny has to be established before trying to implement it into a
voice engine.

9.1 From natural speech

9.1.1 Partl

The first experiments are aimed to gather how anaesthesiologists would spontaneously
express themselves to orally fill in an anaesthesia record. Experiments are conducted
with minimum guidance, so they have a lot of freedom. Scenariodfrom anaesthesia
simulation training can be used. A nurse or an anaesthesia secretary simply writes
down what is being said by the anaesthesiologist for the anaesthesia record. After
having done that with at least two different anaesthesiologists and themain types of
anaesthesia, a nurse who has not participated in this scenario can try to fill out the
anaesthesia record according to what has been written down. This will hopefully give a
list of the main problems, such as ambiguities and contradictions.

9.1.2 Part2

Based on results from the first part, another set of simulations can be done. This time,
anaesthesiologists receive a set of instructions and some guidance, to say their
indications with less ambiguity, and to try not to forget important fields. In pa rticular,
anaesthesiologists start using keywords to make a difference between normal
conversation and sentences targeted to the AR.

As a fallback alternative, it is possible to use a pustbutton to enable the speech
recognition.

9.1.3 Part3

At this point, one can start establishing a phraseologyj.e. a set of rules about how to
formulate the needed sentences, and how to process what has been said. Some
discussions with various nursesphysicians, etc. are needed, as well as expertise from
senior specialists
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9.2 Using list of existing fixed comments
There are lists of fixed comments that are currently used in EAR, and selected from a
drop-down list on the touch-screen. They can be used as a starting point.

9.3 Wizard of Oz experiments

The next steps can be done by asMAAOOET T 1T £ O7TEUAOA spegeh/ Ud
recognition and the text entry are done by humans, perhaps a secretary. Such a testing

is common with speech recognition applications in the early stages of design. This
involves a human to play the part d the speech recognition computer, as a way of
testing design prototypes before any actual programming is done. Most of the
theoretical issues can be studied at this step. Then, the different tasks are progressively
implemented in the computer.

9.4 Towards a full phraseology

New simulations will be conducted, keeping in mind that the computer cannot achieve
the level of intelligence and expertise of a human, so most of the things have to be
explicitly described, with phonetically distinct expressions. This time, the
anaesthesiologist will try to conform to the phraseology when entering orally
something in the anaesthesia record. Experiments and modifications of the
phraseology will be made in loop, until finding a set of rules convenient for the
anaesthesiologis and understandable by a machine.

9.5 Prototyping

The phraseology is then tested in a normal room, against an early prototype o$peech
recognition system, to be disambiguated, simplified and modified to improve the
accuracy of recognition. Tests in anaesthaa simulators can then start. Volunteers try
to address a fictive system during a normal simulation. Feedback tests should be made,
in order to try various acknowledgment solutions for the recognitions, and interfaces
as alternatives and complements to vaie input. With the same kind of Wizard of Oz
technique as before, a technician can remotely modify the screen to simulate an output
from the computer.

Conclusion

This paper has presented a discussion and extracted a set of notions about introducing
and teging voice-based electronic anaesthesia record. This can be used during the
development and to evaluate integration tests of the new product, but also in a longer
term. It illustrates the fruitfulness of collaborative efforts of engineers, sociologists and
ergonomists early in the development process.
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Transition 2

Transition 2

By presnting the previous article at EACES & | thé Rannual conference of the
European Association of Cognitive Ergonomic§ we sought comments from expertsin
ergonomics in the medical domain.

The comments by the reviewers and then by the participants during and after the
conference were mostly positive. The main reserve was some scepticism regarding the
use of speech recognition in an operation theatre, given the diversity and level of
background noise. Another concern was the capacity of anaesthesiologist to ditate
entries in the anaesthesia record while working. Finally, there were doubts on the
acceptance of the vocal modality byanaesthesiologists, but also bythe rest of the
medical team, such as the surgery teamthat could be disturbed by some dictations

This external input was enriching and helpful in refining upcoming research plans.
Consequently, the rest of this thesis is devoted to the clarificaton of the points raised
above.

The first point addressed in the next paper [Alapetite 2006] is the impact of
background noise found in operation room, its direct effects on speech recognition by
altering the audio channel and indirect effects by affecting users Since the
technologies are evolving, and speech recognition accuracy generally tends to become
better, the impact of background noise should also be studied relatively to other
factors known to affect speech recognition. Strategies to cope with background noise
arefinally testedto conclude on this first point .

The first preparations for the next part started in November 2005, with the
experiments carried out from Januaryto February 2006 andwith an analyss phase
until April 2006.

! [nttp://eace.info ]
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Abstract

Introduction: Speech recognition is currently being deployed in medical and
anaesthesia applications. This article is part of a project to investigate and further
develop a prototype of a speechinput interface in Danish for an electronic anaesthesia
patient record, to be used in real time during operations.

Objective The aim of the experiment is to evaluate the relative impact of several
factors affecting speech recognition when used in operating rooms, such as the type or
loudness of background noises, type of micrphone, type of recognition mode (free
speech versus command mode), and type of training.

Methods. Eight volunteers read aloud a total of about 3600 typical short anaesthesia
comments to be transcribed by a continuous speech recognition system. Background
noises were collected in an operating room and reproduced. A regression analysis and
descriptive statistics were done to evaluate the relative effect of various factors.

Results Some factors have a major impact, such as the words to be recognised, the
type of recognition, and participants. The type of microphone is especially significant
when combined with the type of noise. While loud noises in the operating room can
have a predominant effect, recognition rates for common noises €.g. ventilation,
alarms) are only slightly below rates obtained in a quiet environment. Finally, a
redundant architecture succeeds in improving the reliability of the recognitions.

Conclusion This study removes some uncertainties regarding the feasibility of
introducing speech recognition for anaesthesia records during operations, and
provides an overview of several parameters that are traditionally studied separately.
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Original work
What was known before the study:

A Speech recognition is increasingly used for anaesthesia relatedpplications
(pre- and postanaesthesia) and is now envisaged for real time use during
operations.

A Background noise reduces speech recognition accuracy and there are various
types of loud noises in an operating room

A Several other factors have an influencen speech recognition rates, such as the
type of microphone, participants, the type of training and recognition, etc.

A There are various known possible strategies to improve speech recognition
rates.

What the study has added to the body of knowledge:

A The impact on speech recognition of various types of noises collected in an
operating room has been measured

A The relative effect of factors influencing speech recognition rates has been
evaluated

A A simple but original architecture has been tested in which two recognition
engines and two microphones are used at the same time. This approach is
especially interesting for safety critical applications such as real time medical
applications.

A The author believes this is the first paper to be published about an expement
using a commercial speech recognition system in Danish

Keywords
Anaesthesia; Anesthesia; Electronic medical records; Voice recognition; Speech
recognition; Noise; Error rates

1 Introduction

This paper reports some preliminary experiment about the effees of various
background noises in the hospital operating room (OR) environment on speech
recognition. The envisaged audio interface would supplement existing electronic
anaesthesia record systems with voice input facilities during the operation. This work
is part of a project seeking to investigate [Alapetite & Gauthereau 2005] and further
develop a prototype of such a system in Danish.
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During the experiment, eight participants read aloud a corpus of typical anaesthesia
comments to be transcribed by a contnuous speech recognition system. The main goal
of the study was to measure the respective impact on the recognition rate of various
parameters, namely the type or loudness of background noises, the type of microphone
(headset or handheld) and the type ofrecognition mode (free speech versus command
mode). Additional parameters were also investigated, including the type of training
(with or without background noise), the evolution of the performance over the
sessions (learning effect, fatigue), and the gener of the participants. A logistic
regression analysis was done to estimate the significance of each of the evaluated
parameters.

As far as the author knows, this is the first study reporting the effect of background
noises on speech recognition in Danishand the first to compare the relative impact of
the above parameters, all known to separately affect speech recognition, but not yet
studied in parallel. Finally, a redundant cross matching high-level architecture was
tested and shown to improve recognition rates.

2 Methodology

In this part, | describe the methodology followed to conduct the experiments.

2.1 Preparatory work
To ensure the reproducibility of the background noises, it was decided to carry out the
experiment in a laboratory rather than in the real-life context of a hospital OR

2.1.1 Collecting background sounds

Although there are some noise databases available, | decided to collect some
background noises, in order to be as realistic as possibleSome background noises
were thus recorded in an OR (Herlev University Hospital of Copenhagen) during real
anaesthesias with surgery and Xaysin November 2005.

This recording was done using a multidirectional microphone placed in the proximity
of the anaesthesiologist, and recorded on a laptop computer (from nowon called
PC#1). The microphone was anmni-directional electret condenser microphone 1. k®
model ECM-F8 from Sony Corporation (507 12000 Hz). The laptop PC#1 was an IBM
ThinkPad R32 type 2658 with an Intel Pentium 4m 1.865Hz processor and 512B of
memory under Microsoft Windows XP SP2. The open source Audacityaudio editor
and recorder version 1.2.2 was used for the software part, recording in WAV PCM
(Pulse Code Modulation) format at 44.1 KHz 1€ébit mono channel.

! [nttp://audacity.sourceforge.net ]
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Simultaneously, an integrating sound level meter (from Briel & Kjger, model 2225) was
used to measure the peak level and fixedevel in dB(A) of various sounds being
recorded. The 60s Leq2 in dB(A) was also calculated for the background noise made by
the room ventilation. The measurements have been made from the place where the
anaesthesiologist is usually standing, and by pointirg the sound level meter toward the
various sound sources.

This dB measure with anA-weighting (based onFletcher-Munson loudness curves) is
known not to be very consistent and not to reflect accurately the subjective loudness of
all types of noise dB(A) is mainly targeting pure tones, not too loud. It would probably
have been better to use the standardTU-R 468 noise weighting of the International
Telecommunication Union, but it was convenient to use dB(A) since an mtegrating
sound levelmeter in dB(A) was available at my laboratory.

2.1.2 Selecting samples

The collected sound files were edited and some samples of interest were selected,
i.e.various isolated sounds for which | have some dB(A) information. Samples of the
same type of noise wereconcatenated together to create longer sequences with the

OAi A OUPA T &£ TTEOCA8 4EA TETA O1I 61T AOGh 1T 0 OAAAE

1H)O3EI AT AR6d OEA 1 AAT OAMBR)OU AAAECOT OT A 11T EOA
206 AT OE1 AGET1T1Y6qg OEA Ai 1T OOAT O AAAECOI OT A 11
pulse beeps, 480 63 dB(A), slow measure 60dB(A), peak 70dB(A);

sz oz o~ s A

3)0!'1 AOi 6o6gq A OAO 1T &£ Al AOGOEA Al ABGBEAOEA Al ,

peak 80dB(A);
WO3AOAOAES] 6A1 AOT 1 irdyéukes828BYA):; 1 PAT ET ¢ AT OE

5)0! OPEOAOEI T16qg OOAOEDD O1 EdEMYEE®A ET OEA DPAO

)OS EOAOOOCEI T16qd AAI AT A O1 EAAOh dBAGREGEOOET T O A

nurse 70dB(A);

(7O- AOAT 64 OAOET OO | dBOW pcakDRIBA), thid i€ttemoisep OT B a

with the sharpest peaks;
8)06 AT OET AOGET 1 a6 &1 3 Ao ABA)®GudérpghihgBE tb 23B(A);

906 A1 OEI AOETT¢06d 3AI A AKA) O6d] gvvg AO®BT T YO
83dB(A), slow measure 751B(A).

2 Leq: Equivalent continuous sound pressure
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The level of the sounds 3, 7, 8 and 9 has only been measured when reproduced, using
the same settings as other sounds reproduced.

Spectres of raw recorded background sounds44.1 KHz,Hanning window 1024):

10d8
0dB
-10d8

1¥5Hz  [346Hz  [697Hz  |1KHzZ

17SHz  |346Hz  [B97HZ  |1KHZ

Spectre 2: ventilation 1. / Spectre 3: alarms

Frequencies below 50Hz and above 12KHz are not relevant due to microphones and
speakerslimitation. Spectre 2 reflects the constant background noises als@resent in
all the following spectres. The pikeat ~920Hz is the cardiac pulse beep.On spectre3,
the pikes from ~460Hz to ~3 160Hz are the various tones of the alarms.

175HZ  |346Hz  [B9THZ  |1WHZ 1¥3Hz [346Hz [697Hz |[1KHzZ

Spectre 4: scratch. / Spectre 5: aspiration.

Spectre 4 is the closest to white noise. On spectre ,5aspiration causes a pike at
~1490 Hz.

175Hz |346Hz [697HZ |1KHZ

175HZ  |346Hz  [B9THZ  |1WHZ

Spectre 6: discussion / Spectre 7: metal.

Spectre 6 is influenced by female voices (typical fundamental frequency 16265 Hz,
pi 66 EAOITTEA OAOEAOGQ auAEh ¢unmAh 8098 3DAAOC

metal shocks.
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2.1.3 Reproducing sounds

Samples were reproduced with a desktop computer (PC#3) plugged to an audio
amplifier (Sony STRGX290) with two loudspeakers (Jamo Compact 1000, @%z-
20KHz, 90-120W), positioned 1.5metersapart and pointing toward participants about
2 meters away. This is similar to the distance from the anaesiesiologist to the noise
sources in a real OR. The samples were played in a loop as long as needed.

2.1.4 Setting the volume

In order to replay the samples at the appropriate volume, the sound level meter was
used again from the position where the participants would be sitting, pointing in the
direction of the loudspeakers. The replay volume was adjusted to match as closely as
possible the measured values in dB(A).

The distance between the hearing microphone and the various sounds has not been
measured during the recording of the original background noises at Herlev hospital.
This definitely useful information was however not crucial for the presented
experiments, since the microphone was placed within proximity of the
anaesthesiologist, and since the interestingvalue is the level of noise where the
anaesthesiologist is standing, that is to say the point of measurement being used.

For sounds 2 to 7, | adjusted the replay gain both on PC#3 and on the amplifier in
order to match as closely as possible the parameterim dB(A) that are the peak levels,
fast levels and for some sounds the 68 Lgq. | applied an amplification of +13dB on the
sound files, which was the maximal gain without saturation; the general and Wave
volume settings in Windows staying at the maximum; | adjusted the volume on the
amplifier until reaching the optimal level that was found at 5/10.

Sounds 8 and 9 were reproduced louder than reality, in order to see how the
recognition rate evolves for one given background noise, when it becomes louder.d¥

OIl 61T A B O6AT OEI AGETTaoh OEA OI1 061 A 11 OEA
06 AT OE1 AGET T ¢d6h OEA dBYjusEizbovh atbratiQni dndl thexvdiuine E d y 8 B
on the amplifier was 6/10.

2.1.5 Subjective loudness

One problem | faced with these settings is hat | subjectively perceived the reproduced
sounds to be louder than what | recalled them to be when | recorded them. But it
seemed to be an illusion, because the sounds were reproduced at the same decibel
level as the original ones. This effect was partiglarly true with small desktop speakers,
and was reduced a lot with the large Hifi speakers finally used.

| suspect this could be due to a combination of reverberation effects due to a different
size and type of room [Gelfand & Silman 1979], of microphong and loudspeakers
artefacts, and of physiological issues that make a sound appear much louder in a quiet
environment than with a background noise such as the one found at the hospital. The
subjective loudness scale is a known problem [Robinson 1957].
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2.2 Experiments

2.2.1 Speech recognition software

The lab experiment was made with the speech recognition system Philips
SpeechMagic 5.1.529 SP3 (March 2003) and SpeechMagic InterActive (January 2005),
xEOE A DAAEACA & O OEA $AT EOE (0806C OB QA [jA
dictation in Danish (MultiMed Danish 510.011, 2004) from Philips in collaboration with

the Danish company Max Manug. This medical module is not restricted to
anaesthesia. The speech recognition workflow is the same as detailed in [Zafat al.

2004].

&1 O OI EAA AEAOAOETT ET AZOAA OPAAAE 11 AAR
integrated with Microsoft Word 2003. At the time of writing this article, a similar

speech recognition system was already in use and under further deployment at Vel
Hospital (Denmark), for pre- and postoperative tasks, but not during operations
[Alapetite & Gauthereau 2005]. With this system it is possible to record what is being

said and to submit the WAV file for recognition afterwards; this was the process used

for this experiment.

&1 O OIEAA ATT T ATAOGh TO OAT1T OOOAETAA 1 AT C¢
grammars [Giorgino et al. 2005] describing the set of possible commands. SpeechMagic
InterActive comes with several examples and a software development kit tanake ad

hocDOT COAl 08 3O0AOEA COAIi T AOO AOA xOEOUANI EI
(JSGF) that is in the Bachus Naur form, with some proprietary extensions. The
COAi T AO 1 6006 Ai1T OAET OEA pPEITAOEA OOAT OAOE
AsscOOi1 AT O - AOET AO 0 E(BAMRA BtAs pbskitiettd phakideda list of
alternatives, when a word or sentence can be pronounced in different ways. To assist in
OEEO 1 PAOAOGEI T h 3PAAAE-ACEA )1 OAO! AGEOGA AT 1
Exd D1 A £ O OEA $AT EOE x1 OA &£ O Obi ET 66 xEOE

punktum {PHONETIC="pONtO m;pONgtOm;"};

Since previous articles [Zapharet al. 1999], Philips SpeecMagic has evolved, as it is
now available in various languages (the present experimeis have been made in
Danish), is no longer batch only (.e. documents can be navigated and corrected while
dictated) and has an interactive mode combining free text and command mode.

3[http://sp eechrecognition.philips.com ]

* [http:/imaxmanus.dk |

° [http://java.sun.com/products/java - media/speech/forDevelopers/JSGF/ ]
6 [ http://www.phon.ucl.ac.uk/home/sampa/ ]
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2.2.2 Hardware

Two similar laptop computers were used, running identical software. The speech
recognition engine wasinstalled on PC#1. The whole systemvasduplicated to another
laptop computer PC#2 using an image of the haredrive with Symantec Norton Ghost'.
PC#2was a Dell Inspiron 1.6 GHz with 1 GB of memory. While it would have been
better to use two identical computers for PC#1 and PC#2, there should be no difference
for speechrecognition since the processor speedwas identical on both computers,
both have enough memory, the free speech recognition is not made in real time, ath
microphones were using digital input thr ough USB (universal serial bus) ports. USB
connections were chosen for microphones, since the noise added when using the
analog mini-jack input to the sound card of the laptop computers noticeably reduced
speech reognition accuracy.

Two different microphones were employed, one per laptop, in order to evaluate the
impact of these on the speech recognition quality. On PC#1, the microphone was a
Philips SpeechMike Classic USB 6264Mic#1). This was the recommended mdel for
the Philips SpeechMagic system. It is a Dictaphondike device, held in one hand about
15cm from the mouth. On PC#2, a headet microphone was used (Mic#2, ~2.5m from
the mouth), model PC145USE’ from Sennheiser Communications (unidirectional, 80

Z 15000 Hz, -38 dB, ~2k®). Sennheiser indicates that this model is suited forspeech
recognition. One of its earphones was removed, so that participants might hear the
background noise properly and therefore be affected by theso-calledO, T | AAOA A EAAA/(
[Lombard 191]1 This effect is the tendency to alter the voice in noisy environments,
and is known to affect speech recognition performancgHansen 1996].

Max Manus previously tested other models of Sennheiseheadset microphones with
good success. Anotler model, the PC120 using an omndirectional microphone, has
been tried during the preparation of the experiments but due to its omni-directional
nature, it gave not surprisingly poor results in presence of loud background noises.

! [ http://symantec.com/sabu/ghost/ghost_personal/ ]
8 [ http://dictation. philips.com/index.ph p?id=1470 ]
° [http://www.oticon.com/eprise/main/SennheiserCommunications/com/Products/CNTOS_VBLG?ProductIdzPCl45 ]
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2.2.3 Experimental configurat ion

The experiment was made using the two microphones simultaneously; that is PC#1 and
PC#2 ran in parallel, performing the same task but with two slightly different sound
inputs due to the different positions and types of microphones. As visible on Figurel
and Photo 1 the two laptop computers were on a desktop and the participant was
sitting in front of them. The participant held the first microphone in one hand, and
wore the second microphone as a headsetThe loudspeakers(SP#1, SP#2)vere two
meters to the left of the participants. The two microphones were approximately at the
same distance from the loudspeakers

Mic#l\
&

/

Figure 1: Experiments configuration.

2.2.4 Participants

Eight subjects participated in this experiment (4 males, 4 €émales, 27 to 62 years of
age). The participantshad no medical background. One of the participants had limited
prior experience with speech recognition and the others had none. Prior to the
experimental sessions the participants had the opportunity to faniliarise themselves
with the expressions and sentences to be dictated

Alapetite 2007: On speech recognition during anaesthesia. PhD thesis. 67



Alapetite 2006: Impact of noise and other factors on speech recognition in anaesthesia

Photo 1 A participant during the experiments.

2.2.5 Test material

On 24 January 2005, | visitedK@gge Hospital (Denmark), where they use an electronic

anaesthesia record system (Drager Inovian®9. | collected the list of fixed comments

that are available thru their touch screen while the anaesthesia is running. | also took a
transcript of the 600 most used comments out of the 1209 different fixed or free

comments typed by anaesthesiologits during the year 2004 (20040101 to 200501 25).

The distribution of frequencies is interesting: the most frequent comment was used
9 495 times, the 1 1135 times, the 4% 105 times, the 148 11 times, the 98% 2 times

and the rest only once.

The ~100 commands to be said during the experiments were taken from the top of this
body of phrases, therefore covering most of the real life cases. While it is possible to
easily add new words in thespeechrecognition software, the few unknown words were
removed from the corpus, in order to avoid any bias due to variability when training
new words for the various subjects.

The JSGF grammar for the command mode was especially developed to accept the

selected comments from Kage corpus, followed by the Danish wOA &I O ObPI1 ET 06 8
AOAA OA@O 1 TAA Al O AAAADPOO OEA $AT EOE xI1 OA
inserts a full stop. During dictations, each comment was followed by the Danish word

Al O O A£G the sén@idiEation could then be used both for ommand mode, and

for a clean free text transcription.

10 [ http:/Amww.draeger

medical.com/MT/internet/EN/us/Services/products/inform_tech/innovian/pd_innovian.jsp ]
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