
On speech recognition during anaesthesia 

 

 

 

 

 

 

 

 

Alexandre Alapetite 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Revision 2007-12-02 

Minor revision 2008-11-25 (formatting , references) 



On speech recognition during anaesthesia 

 

 

 

 

 

 

 

 

Alexandre Alapetite 

 

 

 

 

 

 

 

 

 

 

 

PhD thesis, July 2007 ɂ defended on Tuesday 4 December 2007 

Computer Science, Roskilde University, Denmark 

Systems Analysis, Risø National Laboratory, Technical University of Denmark 

ADVISES, European Research Training Network 

 





Alapetite 2007: On speech recognition during anaesthesia. PhD thesis. 5 

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, which 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 also described in detail. Some 

small-scale surveys are conducted, which corroborate the observations mentioned 

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 socio-ergonomist describes some of the short and long-term 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 applications. 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 to be 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 gained at the previous steps as 

well as interviews with some anaesthesiologists. 

The next phase is based on full-scale 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 also permitted  the testing of some speech input 

strategies chosen for the prototype (hands-free 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 still necessary. 

The above experiments form the main results of the thesis. They 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 ɀ sharing 

technological similarities with the above-mentioned protot ype ɀ 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 those in favour 

of, and those against the introduc tion of  speech recognition to transcribe medical 

records. One of the main reasonÓ ÆÏÒ ÕÓÅÒÓȭ ÄÉÓÓÁÔÉÓÆÁÃÔÉÏÎ is the new work procedure 

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 results 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 considering 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 frança is (abstract in French)  
 

Cette thèse en interaction homme-machine (IHM, informatique)  étudie le cas du 

ÊÏÕÒÎÁÌ ÄȭÁÎÅÓÔÈïÓÉÅ ÕÔÉÌÉÓï ÄÕÒÁÎÔ ÄÅÓ ÏÐïÒÁÔÉÏÎÓ ÍïÄÉÃÁÌÅÓȟ ÅÔ ÌÅ ÂÉÅÎ ÆÏÎÄï ÄȭÅÎÒÉÃÈÉÒ 

son interface avec des fonctions de reconnaissance vocale. 

Des problèmes et des limitations ont été identifiés dans le cas de la version papier 

ÔÒÁÄÉÔÉÏÎÎÅÌÌÅ ÄÕ ÊÏÕÒÎÁÌ ÄȭÁÎÅÓÔÈïÓÉÅȟ ÍÁÉÓ ÁÕÓÓÉ ÁÖÅÃ ÌÅÓ ÎÏÕÖÅÌÌÅÓ ÖÅÒÓÉÏÎÓ 

électroniques, en particulier à propos de considérations ergonomiques et le fait que les 

anesthésiologistes ont tendance, durant les périodes chargées, à délayer la saisie des 

médicaments et autres événements, ce qui entraîne des manques et des inexactitudes 

ÄÁÎÓ ÌÅÓ ÊÏÕÒÎÁÕØ ÄȭÁÎÅÓÔÈïÓÉÅȢ 

La thèse étudie en premier lieu ÌÅ ÒĖÌÅ ÅÔ ÌȭÉÍÐÏÒÔÁÎÃÅ ÄÕ ÊÏÕÒÎÁÌ ÄȭÁÎÅÓÔÈïÓÉÅ ÅÎ ÔÁÎÔ 

ÑÕȭÏÕÔÉÌ ÄÅ ÔÒÁÖÁÉÌ ÐÅÎÄÁÎÔ ÌÅÓ ÏÐïÒÁÔÉÏÎÓȢ ,ÅÓ ÐÒÏÃïÄures de travail concernées sont 

décrites en détail. Des enquêtes à petite échelle sont menées et corroborent les 

observations mentionnées ci-dessus. 

,ȭÅÎÒÉÃÈÉÓÓÅÍÅÎÔ ÄÕ ÊÏÕÒÎÁÌ ÄȭÁÎÅÓÔÈïÓÉÅ ÁÖÅÃ ÄÅÓ ÆÏÎÃÔÉÏÎÓ ÄÅ ÒÅÃÏÎÎÁÉÓÓÁÎÃÅ ÖÏÃÁÌÅ 

est proposé comme une solution à une partie du problème. Un article de réflexion écrit 

avec un socio-ergonome décrit les conséquences envisagées à court et long terme si 

une telle idée venait à être déployée. 

La thèse examine ensuite les possibilités et les limitations techniques du système le 

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

intérêt particulier est accordé aux effets délétères des différents bruits ÄÅ ÆÏÎÄ ÄȭÕÎÅ 

ÓÁÌÌÅ ÄȭÏÐïÒÁÔÉÏÎȢ 4ÁÎÄÉÓ ÑÕÅ ÌÅÓ ÂÒÕÉÔÓ ÆÏÒÔÓ ÄÁÎÓ ÌÁ ÓÁÌÌÅ ÄȭÏÐïÒÁÔÉÏÎ ÐÅÕÖÅÎÔ ÁÖÏÉÒ ÕÎ 

effet prédominant, les taux de reconnaissance en présence de fonds sonores communs 

sont mesurés comme seulement légèrement inférieurs aux performances obtenues 

ÄÁÎÓ ÕÎ ÅÎÖÉÒÏÎÎÅÍÅÎÔ ÄÅ ÂÕÒÅÁÕȢ $ȭÁÕÔÒÅÓ ÆÁÃÔeurs ont eux aussi un impact majeur, 

comme les mots à reconnaitre, les participants, le type de reconnaissance vocale (texte 

libre ou contrôlé) ainsi que le type de microphone. Enfin, une architecture redondante 

est proposée et réussit à améliorer la fiabilité des reconnaissances. 

!ÐÒîÓ ÃÅÌÁȟ ÕÎ ÐÒÏÔÏÔÙÐÅ ÄȭÉÎÔÅÒÆÁÃÅ ÐÏÕÒ ÕÎ ÊÏÕÒÎÁÌ ÄȭÁÎÅÓÔÈïÓÉÅ ïÌÅÃÔÒÏÎÉÑÕÅ ÁÖÅÃ 

reconnaissance vocale est développé en se basant sur les connaissances acquises aux 

étapes précédentes, et sur des entrevues avec des médecins anesthésistes. 

,ȭïÔÁÐÅ ÓÕÉÖÁÎÔÅ ÓÅ ÃÏÍÐÏÓÅ ÄȭÅØÐïÒÉÅÎÃÅÓ ÄÁÎÓ ÕÎ ÓÉÍÕÌÁÔÅÕÒ ÄȭÁÎÅÓÔÈïÓÉÅ ÃÏÍÐÌÅÔȟ 

ÄÅÓÔÉÎïÅÓ Û ÃÏÍÐÁÒÅÒ ÌÅ ÐÒÏÔÏÔÙÐÅ ÁÖÅÃ ÌȭÉÎÔÅÒÆÁÃÅ ïÌÅÃÔÒÏÎÉÑÕÅ ÔÒÁÄÉÔÉÏÎÎÅÌÌÅ 

constituée ÄȭÕÎ ïÃÒÁÎ ÔÁÃÔÉÌÅ ÅÔ ÄȭÕÎ ÃÌÁÖÉÅÒȢ %Î ÓȭÉÎÓÐÉÒÁÎÔ ÄÅ ÌÁ ÔÈïÏÒÉÅ ÍÁÔÈïÍÁÔÉÑÕÅ 

ÄÅÓ ÆÉÌÅÓ ÄȭÁÔÔÅÎÔÅȟ ÕÎÅ ÍïÔÒÉÑÕÅ ÓÐïÃÉÁÌÅ ÅÓÔ ÄïÖÅÌÏÐÐïÅ ÐÏÕÒ ÃÁÒÁÃÔïÒÉÓÅÒ ÌÅÓ 

différences de charge mentale de travail, et pour permettre in fine de comparer les 
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deux interfaces. Les résultats ÍÏÎÔÒÅÎÔ ÑÕÅ ÌȭÉÎÔÅÒÆÁÃÅ ÖÏÃÁÌÅ ÐÅÒÍÅÔ ÄÅÓ ÄïÌÁÉÓ 

ÄȭÅÎÒÅÇÉÓÔÒÅÍÅÎÔ ÂÉÅÎ ÐÌÕÓ ÃÏÕÒÔÓ ÅÔ ÕÎÅ ÍÅÉÌÌÅÕÒÅ ÐÒïÃÉÓÉÏÎ ÄÅ ÌȭÉÎÆÏÒÍÁÔÉÏÎ en 

ÃÏÍÐÁÒÁÉÓÏÎ ÁÖÅÃ ÌȭÉÎÔÅÒÆÁÃÅ ïÌÅÃÔÒÏÎÉÑÕÅ ÔÒÁÄÉÔÉÏÎÎÅÌÌÅȢ 

Les expériences de simulation permettent  aussi de tester des stratïÇÉÅÓ ÄȭÅÎÔÒïÅ ÖÏÃÁÌÅ 

choisies pour le prototype (interface vocale main-libres activée par un mot clef ; 

combinaison de texte libre et contrôlé), qui ont été satisfaisantes, même en présence 

de bruit de fond. Le fait de parler au système est apparu envisageable, malgré des 

progrès nécessaires de la part de la technologie de reconnaissance vocale. 

Les expériences présentées ci-dessus forment les résultats principaux de la thèse. Ils 

ÓÏÎÔ ÓÕÉÖÉÓ ÄȭÉÎÖÅÓÔÉÇÁÔÉÏÎÓ ÓÅÃÏÎÄÁÉÒÅÓȢ 

Via des questionnaires et autres iÎÄÉÃÁÔÅÕÒÓȟ ÕÎÅ ÏÐÐÏÒÔÕÎÉÔï ÅÓÔ ÐÒÉÓÅ ÄȭïÔÕÄÉÅÒ ÌÅ 

ÄïÐÌÏÉÅÍÅÎÔȟ ÌȭÁÃÃÅÐÔÁÔÉÏÎ ÅÔ ÌÅ ÓÕÃÃîÓ ÄȭÕÎ ÓÙÓÔîÍÅ ÄÅ ÒÅÃÏÎÎÁÉÓÓÁÎÃÅ ÖÏÃÁÌÅ ɀ 

partageant des caractéristiques communes avec le prototype susmentionné ɀ utilisé 

pour produire des journaux médicaux de patients dans un hôpital danois. La 

satisfaction des médecins envers le système est modeste, avec une répartition a 

posteriori approximativement égale entre ceux en faveur et ceux opposés au 

déploiement de la reconnaissance vocale pour transcrire les journaux médicaux. Une 

ÄÅÓ ÒÁÉÓÏÎÓ ÐÒÉÎÃÉÐÁÌÅÓ ÅØÐÌÉÑÕÁÎÔ ÌȭÉÎÓÁÔÉÓÆÁÃÔÉÏÎ ÄÅÓ ÍïÄÅÃÉÎÓ ÅÓÔ ÌȭÉÎÔÒÏÄÕÃÔÉÏÎ ÄÅ 

nouvelles procédures de travail simultanément au déploiement de la technologie de 

reconnaissance vocale, et qui requièrent un plus grand investissement en temps de la 

part des médecins dans la production des journaux. 

!ÆÉÎ ÄÅ ÃÏÌÌÅÃÔÅÒ ÄÅÓ ÄÏÎÎïÅÓ ÐÌÕÓ ÏÂÊÅÃÔÉÖÅÓ ÓÕÒ ÌȭÅÆÆÅÔ ÄÅ ÌȭÉÎÔÒÏÄÕÃÔÉÏÎ ÄÕ ÓÙÓÔîÍÅ ÄÅ 

reconnaissance vocale sur la qualité des journaux médicaux, une comparaison en 

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

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

ÌȭÕÔÉÌÉÓÁÔÉÏÎ ÐÏÓÓÉÂÌÅ ÄÅ ÌÁ ÒÅÃÏÎÎÁÉÓÓÁÎÃÅ ÖÏÃÁÌÅȟ ÃÏÎÔÉÅÎÎÅÎÔ ÐÌÕÓ ÄȭÅÒÒÅÕÒÓ ÑÕÅ ÃÅÕØ 

ÐÒÏÄÕÉÔÓ ÁÖÅÃ ÌȭÁÎÃÉÅÎÎÅ méthode où une secrétaire est en charge de la transcription. 

Cependant, la différence négative entre la reconnaissance vocale et les secrétaires est 

ÒÅÌÁÔÉÖÅÍÅÎÔ ÆÁÉÂÌÅ ÅÎ ÔÅÒÍÅ ÄÅ ÎÏÍÂÒÅ ÄȭÅÒÒÅÕÒÓ ÄÅ ÔÒÁÎÓÃÒÉÐÔÉÏÎ ÅÔ ÎÅ ÃÏÎÃÅÒÎÅ ÐÁÓ 

les journaux qui suivent un modèle fixe et utilisent des phrases routinières. Ces 

résultats ne doivent en conséquence pas être interprétés comme montrant que la 

reconnaissance vocale ne fournit ÐÁÓ ÄȭÁÖÁÎÔÁÇÅÓ, surtout en considérant les autres 

bénéfices, comme par exemple dans la réduction des délais totaux de production des 

journaux. 

La conclusion est que la reconnaissance vocale est une modalité très intéressante qui 

devrait être utilisée dès lors que cela est approprié mais seulement dans le cas de 

tâches pour lesquelles cette technologie est efficace face Û ÄȭÁÕÔÒÅÓ ÁÌÔÅÒÎÁÔÉÖÅÓȢ 
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Resumé på dansk (abstract in Danish 1) 
 

Denne ph.d.-afhandling i menneske-maskine interaktion (MMI, informatik) 

undersøger brugen af anæstesijournaler under kirurgiske operationer samt muligheden 

for at supplere disse med en talegenkendelsesfunktion til journalregistrering.  

Problemstilling og -afgrænsning er blevet identificeret og fastlagt på baggrund af 

eksisterende papirbaserede anæstesijournaler såvel som gennem nyere elektroniske 

systemer, herunder særligt fastlæggelsen af de ergonomiske forhold og det faktum, at 

anæstesilæger under travle perioder af anæstesiforløbet har en tendens til at udsætte 

registreringen af medicinering og andre hændelser, hvilket kan føre til mangler og 

unøjagtigheder i anæstesijournalen. 

Afhandlingen indledes med en undersøgelse af anæstesijournalens rolle og betydning 

som arbejdsredskab under operationer. Arbejdsgange, der relaterer sig til operationer, 

er også behandlet. Enkelte mindre analyser er blevet udført og bekræfter rigtigheden af 

de ovenfor beskrevne observationer. 

Det foreslås at supplere grænsefladen til den elektroniske anæstesijournal med en 

talegenkendelsesfunktion som en mulig løsning af dele af problemerne. Overvejelser 

udarbejdet i samarbejde med en ergonom-sociolog beskriver de kortsigtede og 

langsigtede konsekvenser, hvis en talegenkendelsesfunktion indføres. 

Afhandlingen undersøger herefter mulighederne og de tekniske begrænsninger i det 

mest udbredte talegenkendelsessystem på dansk til medicinske applikationer. Af særlig 

relevans er konsekvensen af forskellig baggrundsstøj på operationsstuer. Mens meget 

støj på operationsstuen kan være af afgørende negativ betydning for graden af 

genkendelse, er genkendelsesgraden ved almindelig støj kun en smule lavere end den, 

der opnås i et kontormiljø. Andre faktorer, såsom de ord, der skal genkendes, 

deltagerne, typen af talegenkendelsessystem (fri eller begrænset tale) samt hvilken 

mikrofontype, der benyttes, har ligeledes stor betydning for genkendelsesgraden. 

Endelig medfører en foreslået redundant opbygning af systemets arkitektur en større 

pålidelighed i talegenkendelsen. 

Herefter er en prototype af en grænseflade til en elektronisk anæstesijournal med en 

talegenkendelsesfunktion blevet udviklet på baggrund af den viden, der er opnået i de 

tidligere faser og gennem interview med anæstesilæger. 

I den efterfølgende fase er foretaget fuld-skala simulationer  i anæstesiologi, hvori 

prototypen er anvendt til sammenligning med de eksisterende touch-screen og 

                                                 

1
 Grateful acknowledgements to my fiancée Rikke for her help in doing the Danish translation of this 

summary 
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tastatur-grænseflader. Inspireret af den matematiske køteori er en særlig metrik til at 

karakterisere den psykiske arbejdsbelastning ved brugen af de to forskellige 

grænseflader blevet udviklet for at kunne sammenligne disse. Resultaterne viser, at en 

stemmegrænseflade medfører en væsentlig kortere tid mellem en hændelse indtræffer 

og registreres, samtidig med at informationerne bliver mere nøjagtige sammenlignet 

med den eksisterende elektroniske grænseflade. 

Disse simulationsbaserede forsøg giver endvidere mulighed for at teste de strategier 

der er valgt for talegenkendelsesfunktionen til prototypen, herunder håndfri 

stemmestyret grænseflade aktiveret af et tastatur og kombinationen af kommando- og 

fri tale-indstillinger, hvilket fremstod som vellykket, selv med omgivende støj. Det 

viste sig endvidere muligt at tale til systemet under arbejdet, selvom forbedringer i 

talegenkendelsesteknologien stadig er nødvendige. 

De ovennævnte simulationsforsøg danner grundlaget for hovedresultaterne i denne 

afhandling. Sekundære undersøgelser er derefter foretaget som en opfølgning. 

Det har været muligt gennem spørgeskemaer og andre indikatorer at analysere 

brugeropfattelsen af indførelsen og brugen af et talegenkendelsessystem ɀ der er 

teknisk sammenligneligt med den ovenfor nævnte prototype ɀ anvendt til indføring af 

notater i patientjournaler på et dansk sygehus. Lægernes tilfredshed med brugen af 

systemet er beskeden og viser en næsten ligelig fordeling mellem de, der efterfølgende 

var for og de, der var imod indførelsen af stemmegenkendelse til transskribering. En af 

hovedårsagerne til brugernes utilfredshed er begrundet i nye arbejdsgange ɀ 

introduceret på samme tid som talegenkendelsesteknologien ɀ der kræver, at lægerne 

bruger længere tid på at udarbejde journalerne. 

For at opnå mere objektive resultater af effekten af indførelsen af dette 

talegenkendelsessystem og kvaliteten af patientjournalerne er der foretaget en blindet 

vurdering til sammenligning af de tidligere og nye arbejdsgange ved registrering af 

notater. Resultaterne 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 sekretær er ansvarlig for 

transskriberingen. Imidler tid er forskellene mellem talegenkendelses- og 

sekretærbaseret transskribering relativt små for så vidt angår antallet af 

transskriptionsfejl , og der er ingen forskelle for journaler, som følger et fast og stadigt 

tilbagevendende mønster. Resultaterne må således ikke tages som et udtryk for, at 

talegenkendelse ikke medfører fordele, særligt henset til gevinsterne som 

talegenkendelse indebærer, herunder eksempelvis i forhold til det samlede tidsforbrug 

ved udarbejdelsen af en journal. 

Konklusionen er, at talegenkendelse er en meget brugbar og relevant grænseflade, som 

bør bruges når situationen er egnet hertil men kun til opgaver, hvor den er effektiv 

sammenlignet med andre alternativer. 
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General introduction 

1 Presentation of the topic  
This PhD thesis is rooted in the HCI (human-computer interaction) field of 

informat ics, with some considerations about ergonomics and other human factors. 

Test cases are conducted in the medical domain. 

Common human-computer interfaces are screens, speakers (for output); keyboards, 

mouses, microphones, webcams (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 on supplementing existing electronic 

anaesthesia records with some speech input 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 ɀ and of consciousness during full anaesthesia ɀ 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 line. 

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 of the anaesthesia records. The 

main idea was to design an electronic interface with touch-screen and basic speech 

input in Danish. It was only after a few months of literature survey and the beginning 

of some interviews in other hospitals that I discovered that electronic versions were 

already in use in about half of the hospitals in Denmark. One semester after the 

beginning, the project mostly dropped the paper-based issues to concentrate on 

build ing upon the electronic version of existing anaesthesia record systems, since the 

latter  were already tackling many of the concerns regarding paper-based systems. 

Similarly, although some academic speech recognition engines in Danish (from Aalborg 

University) were known at the beginning of the project, it is only a few months later 

that I discovered an industrial speech recognition engine in Danish 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 articles 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 they offer 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 envisaged solutions (partially based on [Alapetite 2005.a]1). 

The following paper [Alapetite & Gauthereau 2005]2 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 record. A few 

surveys were conducted to verify the reality of the problems. We then envisaged the 

possible consequences of 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 necessary to study experimentally in a laboratory the 

possibilities and limitations of the available speech recognition technology in Danish 

[Alapetite 2006]3 that was to be used in the next prototyping phase. Of particular 

concern was the background noise found in the operation room and its direct effects 

on speech recognition by altering the audio channel, and indirect effects by affecting 

users. Strategies to cope with background noise were also tested at this stage. 

Based on the analysis of the laboratory experiments and lessons learned from previous 

considerations and literature survey, a prototype of speech recognition interface for an 

electronic anaesthesia record was developed. The graphic user interface is a mimic of 

                                                 

1
 [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.), Risø National Laboratory (DK), Systems Analysis 

Department. Risø-R-1516(EN), 2005, pp. 5-9. 

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. 

0ÒÏÃÅÅÄÉÎÇÓ ÏÆ %!#%ȭΰήήγ ɉ!ÎÎÕÁÌ #ÏÎÆÅÒÅÎÃÅ ÏÆ ÔÈÅ %ÕÒÏÐÅÁÎ !ÓÓÏÃÉÁÔÉÏÎ ÏÆ #ÏÇÎÉÔÉÖÅ %ÒÇÏÎÏÍÉÃÓɊ ΰη 

September - 1 October 2005, Chania, Crete, Greece; section II on Research and applications in the medical 

domain, 189ɀ196. ACM International Conference Proceeding Series, vol. 132. University of Athens, 197-204, 

ISBN:9 - 60254- 656- 5. 

3
 [Alapetite 2006] Alexandre Alapetite. Impact of noise and other factors on speech recognition in 

anaesthesia. International  Journal of Medical Informatics (2008) 77(1):68-77 (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 anaesthesia physicians were carried out to reach a working prototype. 

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

[Alapetite 2007]4. In order to ensure control and reproducibility, these experiments 

were conducted in a full -scale anaesthesia simulator with real anaesthesia teams. The 

methods involved and the analysis of those experiments form the main results of the 

thesis. 

A few questions were naturally raised by this prototype experiment, for instance 

regarding the possible deployment of such as system. Although it was not possible to 

envisage larger scale experiments given the time and budget affected to the project, 

there was a chance to study ɀ via questionnaires and other indicators ɀ the 

deployment, acceptance and success of a speech recognition system (sharing 

technological similarities with the above mentioned prototype) used to produce 

patient records in another hospital [Alapetite, Andersen, Hertzum 2009]5. 

Given the mitigated acceptance of the speech recognition system in the later hospital, 

there were some doubts that the physicians responding 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. 2007]6, comparing samples 

produced with the traditional system using Dictaphones and transcriptions by 

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

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):448-460 (available online September 

2007). doi:10.1016/j.ijmedinf.2007.08.007  

5
 [Alapetite, Andersen, Hertzum 2009] Alexandre Alapetite, Henning Boje Andersen, Morten Hertzum. 

Acceptance of Speech Recognition by Physicians: A Survey of Expectations, Experiences, and Social 

Influence. International Journal of Human-Computer Studies (2009) 67(1):36-49 (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 Hølmer, Stig Jørring, 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, Risø 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 selected publications 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 Ȱhealth, safety, environmental and qualityȱ Development for a 

Sustainable Energy Industry), I developed an Open Source PHP migratory library7 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]8. 

As a member of the COGAIN European network of excellence on Communication by 

Gaze Interaction, I have made a publication [Alapetite 2005.b]9 on the accessibility of 

Web documents. 

The result of my participation  in the SEE European project on Sight Effectiveness 

Enhancement, regarding infrared vision experiments in aircraft cockpits, is published 

in [Andersen & Alapetite 2006]10. 

 

 

 

                                                 

7
 [http://alexandre.alapetite.net/doc - alex/domxml - php4- php5/ ] 

8
 [Alapetite 2004] Alexandre Alapetite. XML en PHP5 avec la bibliothèque interne DOM (XML in PHP5 

with the DOM internal library). Direction|PHP, special issue 1 Tout sur PHP5 (All about PHP5), 

September 2004, Nexen Services SA (France). ISSN:1765- 2634. 

http://www.directionphp.biz/a_la_une.php?mois=2004 - h1 

9
 [Alapetite 2005.b] Alexandre Alapetite. Content accessibility of Web documents: Overview of concepts 

and needed standards. In: COGAIN (European Network of Excellence, http://www.cogain.org ) 

ÄÅÌÉÖÅÒÁÂÌÅ $δȢί Ȱ3ÔÁÔÅ ÏÆ ÔÈÅ ÁÒÔ ÒÅÐÏÒÔ ÏÆ ÅÖÁÌÕÁÔÉÏÎ ÍÅÔÈÏÄÏÌÏÇÙȱȟ ÐÁÇÅÓ ΰζ-34, September 2005. Long 

version in Risø-R-1576(EN), ISBN:87 - 550- 3546- 9, Risø National Laboratory, October 2006. 

10
 [Andersen & Alapetite 2006] Henning Boje Andersen & Alexandre Alapetite. SEE ɀ Sight Effectiveness 

Enhancement, Results of the Aeronautical Evaluation. SEE (European project) deliverable D6.3, December 

2005. Risø-R-1573(EN), Risø National Laboratory, November 2006. 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]11 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 DOI12 (Digital Object 

Identifier System) 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 of the time provided to the original location of the 

resource (without the superfluous www subdomain prefix whenever possible), even if 

the resource had already been removed at the time this thesis was submitted. 

To see an archived version of a given Web paÇÅȟ ÔÈÅ Ȱ)ÎÔÅÒÎÅÔ !ÒÃÈÉÖÅ 7ÁÙÂÁÃË 

-ÁÃÈÉÎÅȱ13 may be used. For instance, if my Web page at Risø 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] Ioannis Dokas & Alexandre Alapetite. A view on the Web engineering nature 

of Web based expert systems. Poster paper in the proÃÅÅÄÉÎÇÓ ÏÆ )#3/&4ȭΰήήδȟ ÔÈÅ ί
st
 International 

Conference on Software and Data Technologies, 11-14 September 2006, Setubal, Portugal, pages 280-283. A 

development process meta-model for Web based expert systems: the Web engineering point of view. 

Long version in Risø-R-1570(EN), ISBN:87 - 550- 3536- 1, Risø National Laboratory, October 2006. 

12
 [http://dx.doi.org ] 

13
 [http://webarchive.org ] 
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Speech recognition in multimodal 
systems: the case of the anaesthesia 
patient record1 

1 General background  

1.1 About speech recognition  
!ÕÔÏÍÁÔÉÃ ÒÅÃÏÇÎÉÔÉÏÎ ÏÆ ÈÕÍÁÎ ÓÐÅÅÃÈ ÓÔÁÒÔÅÄ ÉÎ ÔÈÅ ΫγίΪȭÓ. One of the first serious 

attempts is from [Davis et al. 1952] with a circuitry capable of recognising isolated 

ÄÉÇÉÔÓ ÉÎ %ÎÇÌÉÓÈ ÁÆÔÅÒ ÂÅÉÎÇ ÔÕÎÅÄ ÔÏ ÏÎÅ ÇÉÖÅÎ ÉÎÄÉÖÉÄÕÁÌȭÓ ÖÏÉÃÅ. Over the years, the 

size of the vocabulary has increased, together with recognition accuracy. Then the 

need to separate each word has disappeared, thus allowing continuous speech. 

Alt hough 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) tends to supplant the former mode 

in many areas. Free text mode, commercially available since the beginning of the 

ΫγγΪȭÓȟ offers possibilities not achievable in command mode, mainly automatic 

transcription of dictated text. Natural language recognition typically requires much 

larger dictionaries (more vocabulary) and more complex high-level processing. 

Speech recognition engines are based on various layers of processing [Zafar et al. 1999]. 

They typically have a signal-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 homophone but not h omograph, 

together with oronyms (two distinct sequences of words with a similar pronunciation ): 

 Ȱmint spyȱ Ïr Ȱmince pieȱȩ 

 ȰIf two witches would watch two watches, which witch would watch which 

watch?ȱ 

                                                 

1
 This section uses some material from the following workshop article: 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.), Risø 

National Laboratory (DK), Systems Analysis Department. Risø-R-1516(EN), 2005, pp. 5-9. 
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Figure 1: Wave signal and Spectrum analysis (44.1 KHz, Hanning window 1024) for a 

ÓÐÅÅÃÈ ÓÁÍÐÌÅ ÏÆ Ȱ(ÅÌÌÏ 7ÏÒÌÄȱ, with ellipses ÁÒÏÕÎÄ ÅØÁÍÐÌÅÓ ÏÆ ÆÏÒÍÁÎÔÓ ÆÏÒ ÔÈÅ Ȭ/ȭ 

vowel. 

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 targeted natural language, and other types 

of syntaxic or semantic knowledge. 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 (i.e. without  the need to train the system to recognise each useÒȭÓ 

voice) has been available for a while for constrained 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 over 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 languages. In the case of Danish, 

which is a relatively small language spoken by about 5.5M people mainly in Denmark, 

the first commercial system appeared in 2000 with a language pack for Philips 

SpeechMagic2, followed in 2001 by a product from Nuance3 [Dybkjær & Dybkjær 2002]. 

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

and in industrial solutions.  

)Î ÔÈÉÓ ÔÈÅÓÉÓȟ ×ÈÅÎ ÒÅÆÅÒÒÉÎÇ ÔÏ ȰÓÐÅÅÃÈ ÒÅÃÏÇÎÉÔÉÏÎȱȟ ÉÔ ÓÈÏÕÌÄ ÂÅ ÕÎÄÅÒÓÔÏÏÄ ÁÓ ÔÈÅ 

ÌÁÔÅÒ ȰÌÁÒÇÅ ÖÏÃÁÂÕÌÁÒÙ ÃÏÎÔÉÎÕÏÕÓ ÓÐÅÅÃÈ ÒÅÃÏÇÎÉÔÉÏÎȱ. The main system used in th e 

experiments is in Danish and still speaker dependent. 

1.2 About multimodality  
Multimodal systems are characterised by human-machine 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 as touch-screens, haptic interfaces (force feedback) and some brain-computer 

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 synchronisation engines. 

Multimodality has been studied ÓÉÎÃÅ ÔÈÅ ΫγβΪȭÓȢ The famous ȰPut-That-Thereȱ ɏ"ÏÌÔ 

1980] concept was probably the advent of the field, by combining gesture recognition 

and speech input ÉÎ ÈÉÓ Ȱ-ÅÄÉÁ ÒÏÏÍȱ. The field has reached a new dimension with 

technologies such as augmented reality, which makes 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
 [http:/ / nuance.com] 
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There are different types of multimodality. Mainly, i n the case of 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 which modality to use. In the case of long inputs, some systems 

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 user does not have to restart 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 message, which 

would not have been possible to express by using only one of the modalities. 

This type of behaviour 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 such as an increased complexity, together with 

more hardware and software needed. Even more than for traditional non-multimodal 

interfaces, there is a need to better grasp and 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 identif ies three classes of users, 

ÎÁÍÅÌÙ ȰÎÏÖÉÃÅÓȱȟ Ȱintermediateȱ ÁÎÄ ȰÅØÐÅÒÔÓȱȟ whose behaviour is respectively mainly 

based on ÔÈÅ ÔÈÒÅÅ ÌÅÖÅÌÓ ÏÆ ÃÏÎÔÒÏÌ ÔÈÁÔ ÁÒÅ ȰËÎÏ×ÌÅÄÇÅȱȟ ȰÒÕÌÅÓȱ ÁÎÄ ȰÓËÉÌÌÓȱ 

[Rasmussen 1986:93-106]. Those are important concepts to be able to choose the 

appropriate modality in a given situation. 

Some computer frameworks (e.g. W3C MMI4) and languages have been developed 

especially to facilitate the development of multimodal interfaces. An example of such 

language is XHTML+Voice5 (X+V), which is a combination of XHTML6, VoiceXML7, 

                                                 

4
 W3C Multimodal  Interaction Framework [http://www.w3.org/TR/mmi - framework/ ] 

5
 XHTML+Voice [http://www.w3.org/TR/xhtml+voice/ ], 

[http://www.voicexml.org/specs/multimodal/x+v/12/spec.html ] 
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JavaScript8, CSS aural style sheets9 or speech module10, with some additional facilities 

such as automatic synchronisation between the modalities. 

X+V has been used during the early phases of this PhD, to get familiar with 

multimodality, test some concepts, and even during lectures given about 

multimodality on the Web 11. As part of this preliminary work, I have demonstrated the 

implementability of complementary multimodality with a simple ȰPut-That-Thereȱ test 

case using combined speech recognition and mouse ÁÌÌÏ×ÉÎÇ ÕÓÅÒ ÉÎÐÕÔÓ ÓÕÃÈ ÁÓ Ȱ) 

×ÁÎÔ Á ÎÅ× ÂÌÕÅ ÓÑÕÁÒÅ ȣ ÔÈÅÒÅȱ. 

When systems with a higher complexity are envisaged, component-based software 

engineering approaches have emerged to 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 [Paternò 2004]. 

)Î ÔÈÉÓ ÔÈÅÓÉÓȟ ×ÈÅÎ ÒÅÆÅÒÒÉÎÇ ÔÏ ȰÍÕÌÔÉÍÏÄÁÌÉÔÙȱ, it is often redundant input 

multimodality, that is to say interfaces offering overlapping ways of entering 

information where it is up to the user to select the most appropriate solution between, 

say, touch screen, mouse, keyboard or speech input. 

1.3 About anaesthesia 
Anaesthesia, which is the process of controlling pain and relaxation, can either be local 

when the patient is conscious, or general when the patient is asleep. Under general 

anaesthesia, the physician is also in charge of maintaining the vital functions 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 surgeon Ambroise Paré in the 16th century, sometimes called the father 

of modern surgery. After primitive techniques using the anaesthetic effect of cold, 

chemical anaesthetics for controlled local anaesthesia appeared in the late 19th century, 

with e.g. cocaine soon replaced by safer derivatives such as procaine and later 

lidocaine. 

                                                                                                                                                         

6
 XHTML Modularization : Modularization of the Extensible Hypertext Markup Language 

[http://www.w3.org/TR/xhtml - modularization/ ] 

7
 VoiceXML: Voice Extensible Markup Language [http://www.w3.org/TR/voicexml20/ ] 

8
 ECMA-262: ECMAScript [http://www.ecma - international.org/publications/standards/Ecma - 262.htm ] 

9
 CSS 2 (Cascading Style Sheets), aural style sheets [http://www.w3.org/TR/CSS21/aural.html ] 

10
 CSS 3 (Cascading Style Sheets), speech module [http://www.w3.org/TR/css3 - speech/ ] 

11
 [http://alexandre.alapetite.net/phd - risoe/mxml/ ] 
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The first scientifically controlled general anaesthesia techniques were developed at the 

beginning of the 19th century, mainly with the use of gazes such as carbon dioxide and 

later diethyl ether, itself replaced by chloroform . 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, the risk of death 

imputable to anaesthesia has significantly decreased during the second part of the 20th 

century, being about 70 times lower in ~1990 than in ~1950; however, many errors are 

still happening during anaesthesia, with human error responsible for about 70-75% of 

the cases [Chopra 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, the anaesthesia doctor in 

charge can follow several anaesthesias at a time, helped by specialised anaesthesia 

nurses that must stay close to the patient. Finally, more research is required to further 

decrease the number of (human) errors during anaesthesia. 

The anaesthesia procedure and work practices are described more in details in 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 anaesthetic record is important; 

not only as a legal document, but also because it is used during the operation ɀ in 

particular if a new physician is joining the team ɀ as a communication tool, and to 

make recall to the anaesthesiologists what occurred previously. The fact that the 

document is an indispensable source of information during the operation is the main 

reason for maintaining a real-time system: the information entered into the 

anaesthesia record cannot be just recorded (audio/video) and eventually transcribed 

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 anaesthesia record systems are aimed 

at solving most of the issues encountered with paper-based recording, there is still a 

room for improvement, especially in emergency situations. In the case of electronic 

records, the comments, in particular, are not described 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 mail almost all 

the anaesthesia departments of the country (N = 47). 35 answers were received, 

showing that 13 of them (ӎ) did not use any form of electronic system and 14 used a 

complete electronic system (ӎ). The 22 departments that used partial or complete 

electronic systems were using about 12 different systems. On the 29 paper models or 

printouts received, only 3 of them 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 significantly improved over the last decade thanks to 

the introduction of new techniques and increased computer power. When used 

carefully, as an alternative or a supplement to other more conventional modalities 

(buttons, touch-screen, keyboard, mouse, etc.), speech input can now be considered in 

various safety-critical environments. Speech recognition technology has actually 

already been used for some years in safety critical domains such as medicine [Devine et 

al. 2000], military aviation and air traffic contro l [Lechner et al. 2002]. 

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 electronic record. 

Furthermore, in emergency situations during anaesthesia when physicians and nurses 

are busy and maybe stressed, the registration process is delayed. This is a problem, 

because postponing the registration often leads to uncertainty, inaccuracy and other 

errors. Furthermore, even in the case of adverse events, physicians will 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 [Andersen et al. 

2002]. 
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Besides, if speech recognition is to be considered, as with other types of equipments in 

safety critical domains, it has to match requirements such as reliability, accuracy, 

robustness, fault tolerance, etc. Even with state-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. Last but not the least, 

human factors when using of speech recognition under emergency 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 as voice, could 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, voice, 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 commanding ɀ in some cases ɀ other 

anaesthesia equipments [Schmitz & 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 attempts to integrate speech recognition into electronic 

anaesthesia record systems or monitors [Smith et al. 1987; Smith et al. 1990; Sanjo et 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. 1987], 

on real time experiments [Smith et al. 1990], on identifying task areas where 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 [Sanjo et al. 1999]. This 

thesis seeks to respond to some of these calls. 

A broader literature survey shows that some research has already been done with 

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

transcription [ Lai & Vergo 1997; Zafar et al. 1999; Devine et al. 2000; Borowitz 2001; 

Zick & Olsen 2001; Al-Aynati & Chorneyko 2003; Mohr et al. 2003]. Another example is 

[Detmer et al. 1995], who made some ȰWizard of Ozȱ experiments with speech 

recognition as an interface to a decision support system. However, most existing 

applications are targeted at non-real-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 real-time speech 

input during operations or anaesthesias, when speech recognition is not the primary 

task. 
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3 Methodology  
The chosen approach is based on action research [Baskerville 1999], and is partially 

technology-driven; this is actually needed to investigate the potential of speech 

recognition in application s for 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; Køge hospital; Vejle hospital). The goal is to improve 

existing systems, to do some experiments and to validate some hypothesis, but not to 

validate or to create a new theoretical framework. Part of the research is 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 experts (physicians, nurses, engineers). They agreed on the fact that paper-

based recording suffers from many problems. On the other side, I made interviews in 

anaesthesia departments where electronic anaesthesia records 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 that yielded the following result: 

ȰήΰГ ÏÆ ÍÅÄÉÃÁÔÉÏÎ ÅÒÒÏÒÓ ÏÃÃÕÒ ÏÎ ÁÄÍÉÓÓÉÏÎ ÏÒ ÄÉÓÃÈarge from a clinical 

unit/hospital when patient orders are written, and they drop by 90% when they are 

ÅÌÅÃÔÒÏÎÉÃȱ ɏPronovost 2003]. Nevertheless, remaining problems together with new 

ones introduced by electronic versions of the anaesthesia record have to be 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 test it  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 is also needed in order to establish the phraseology, 

which is the definition of what could be said 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 with up-to-date 

technologies. Therefore, starting in March 2004 from Vejle hospital, pioneer in 

Denmark on speech recognition adoption, I analysed some reports and visited some 

places where using speech input in the medical domain had been successful or had 

failed. 

A contact was then established with Max Manus12, a Danish company providing speech 

recognition in Danish based on Philips SpeechMagic13 technology. At this point, this 

system had indeed been put into daily use at the radiology department of Vejle 

Hospital, and tested with less success at the pathology department of Aalborg hospital 

and the pathology department of Sønderborg hospital [Hvidberg 2003]. 

In Denmark, apart from the Max Manus technology, there was also an apparently 

successful use of voice commands at Hvidovre hospital (demonstrated to the press in 

October 2004), with the HERMES14 system [Luketich  et al. 2002] from Stryker 

company, but limited  to English (instead of Danish) and to short commands. 
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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 precise and stable research 

question, namely on investigating the potential of speech input ɀ as a supplement to 

the traditional touch -screen and keyboard ɀ to address some of the apparent 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 network, there was a rich pool of competences 

in ergonomics and sociology. This was giving 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 modifications, 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 observations. 
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This section is a modified 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 room. In the 

proceedings of EACEȭΰήήγȟ ÁÎÎÕÁÌ ÃÏÎÆÅÒÅÎÃÅ ÏÆ ÔÈÅ %ÕÒÏÐÅÁÎ !ÓÓÏÃÉÁÔÉÏÎ ÏÆ #ÏÇÎÉÔÉÖÅ 

Ergonomics, 29 September - ί /ÃÔÏÂÅÒ ΰήήγȟ #ÈÁÎÉÁȟ #ÒÅÔÅȟ 'ÒÅÅÃÅȠ 3ÅÃÔÉÏÎ ΰ ÏÎ Ȱ2ÅÓÅÁÒÃÈ ÁÎÄ 

ÁÐÐÌÉÃÁÔÉÏÎÓ ÉÎ ÔÈÅ ÍÅÄÉÃÁÌ ÄÏÍÁÉÎȱȟ ÐÁÇÅÓ ίζη-196. University of Athens. In the ACM 

International Conference Proceeding Series; Vol. 132, pages 197-204, ISBN:9-60254-656-5. 

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 comprehending the 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 present paper is the result of a 

collaboration between an engineer, involved in making prototypes of the system 

described above, and a socio-ergonomist. The analysis is based on a literature review, 

interviews and direct observations. 

Keywords  
Anaesthesia; electronic records; patient; voice; speech 
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1 Introduction  
Problems in the way paper-based and electronic anaesthesia records are filled during 

anaesthesia have been observed, such as anachronisms, temporal defects and lacking 

entries. In response, it has been suggested that a way to surmount these deficiencies is 

to offer anaesthesiologists a voice-based input modality to an electronic record 

[Schmitz & Weiss 2004]. Some attempts have been made [Sanjo et al. 1999; Jungk et al. 

2000], and are calling for more research, on identifying precise subtasks where voice 

input can be beneficial, on the specific human-computer interaction, such as 

feedbacks, and on the trade-off between vigilance and visual contact with the patient. 

Some studies have demonstrated the usefulness of activity modelling in anaesthesia 

interfaces [Beuscart-Zéphir et al. 2001], but they focussed on the pre-operative 

consultation. On top of technical difficulties, other issues and a number of research 

questions need to be considered, such as the different 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 of ×ÈÅÔÈÅÒ Á ȰÇÏÏÄȱ 

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 

ȬÆÕÌÌÙȭ ÆÉÌÌÅÄȟ ×ÈÉÌÅ ÉÎ ÈÁÎÄ-written records, that were visibly incomplete, 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 

ÏÆ ×ÈÁÔ Á ȰÇÏÏÄȱ ÒÅÃÏÒÄ ÉÓ ÔÈÕÓ ÒÁÉÓÅÓ Á ÓÅÔ ÏÆ ÑÕÅÓÔÉÏÎÓȟ ÌÉËÅ ÔÈÅ ÒÏÌÅs of record, during 

an operation or outside the operating room, and the interests of anaesthesiologist in 

ÆÉÌÌÉÎÇ ÔÈÅ ÒÅÃÏÒÄÓ ȬÆÕÌÌÙȭȢ 

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 anaesthesiologist, 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 anaesthesiologist 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 central when seeking to validate the new technology in 

relation to patient safety [Gauthereau 2004], we also believe that we first need to 

comprehend the activity itself, if we ever wish to understand the mechanisms behind 

its evolution over time [ Lave 1993]. 

3 Electronic anaesthesia records (EAR)  

3.1 Introduction to anaesthesia  
Anaesthesia is a medical act aimed at reducing the pain and 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 general 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 unconsciousness, 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 papÅÒȟ ȰÁÎÁÅÓÔÈÅÓÉÏÌÏÇÉÓÔȱ 

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 is 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 joining the medical team in a minute [de Keyser & 

Nyssen 1993]. 

An analysis has shown that 70% of reported anaesthesia incidents were 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 real-time system: the information 

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

eventually transcribed. It is also used as a verification mechanism; for instance, 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 (e.g. heart rate), time, techniques, route and dose 

of the administrated drugs, as well as the main events (e.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. 

! ÓÕÒÖÅÙ ÙÉÅÌÄÅÄ ÔÈÅ ÆÏÌÌÏ×ÉÎÇ ÒÅÓÕÌÔȡ ȰήΰГ ÏÆ ÍÅÄÉÃÁÔÉÏÎ ÅÒÒÏÒÓ ÏÃÃÕÒ ÏÎ ÁÄÍÉÓÓÉÏÎ ÏÒ 

discharge from a clinical unit/hospital when patient orders are written, and they drop 

by 90% when ÔÈÅÙ ÁÒÅ ÅÌÅÃÔÒÏÎÉÃȱ [Pronovost 2003]. Moreover, handwriting is quite 

time consuming and forces the practitioner to leave the current task to use pen and 

paper. Therefore, especially 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, paper-based recording does not 

provide much barrier to ensure that the provided data is consistent; it is filled and used 

in various ways by the 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 paper-based 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 Hospital (Copenhagen 

county, Denmark), which uses paper-based recording. 55 records were randomly 

chosen and computerised without correction by a highly skilled anaesthesia nurse. As 

examples, only 7 (13%) specified the ASA (American Society of Anaesthesiologists) 

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 hard-to-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 thaÔ ÔÈÅÒÅ ÉÓ Á ÎÅÅÄ ÆÏÒ Á ÃÏÍÐÌÅÔÅ ÅÌÅÃÔÒÏÎÉÃ ȰÐÁÔÉÅÎÔ data management 

ÓÙÓÔÅÍȱ ɉ0$-3Ɋ ɏSchmitz & Weiss 2004]. Today, some anaesthesia departments have 

switched to electronic systems, including an electronic anaesthesia records. 

We did a survey in October 2004 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 precisely as they could be, partly due to 

the use of a keyboard, not convenient in such an environment. When physicians 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 minutes accuracy is fine for most 

cases, but this can be difficult to achieve with the current interface. 

Moreover, observations in 3 other hospitals in Denmark (Køge, Frederiksberg, 

Bispebjerg) have shown that the touch-screen 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 (cf. Figure 1). In addition, 

no alternative pointing device has been observed, in case the touch-screen 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 to read 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. Improving 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 and actions 

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 been 

ÍÁÄÅ ÔÏ ÍÁËÅ ÁÎÁÅÓÔÈÅÓÉÁ ÍÏÎÉÔÏÒÓ ÁÎÄ ÁÌÁÒÍÓ ÍÏÒÅ ȰÉÎÔÅÌÌÉÇÅÎÔȱȟ ÉÎ ÏÒÄÅÒ ÔÏ ÐÒÏÖÉÄÅ 

more concise information; but those systems are limited by the lack of relevant data: 

ȰÎÏÔ ÁÌÌ ÉÎÆÏÒÍÁÔÉÏÎ ÃÁÎ ÂÅ ÇÉÖÅÎ ÂÙ ÔÈÅ ÍÏÎÉÔÏÒÓȟ ÁÎÄ ÔÈÅ ÁÎÁÅÓÔÈÅÓÉÏÌÏÇÉÓÔ ÉÓ ÔÏÏ 

busyȱ ɏde Graaf et 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, especially 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 t he 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 longer than the operation itself. We believe voice input would 

ÂÅ ÅÓÐÅÃÉÁÌÌÙ ÓÕÉÔÁÂÌÅ ÔÏ ÓÔÁÎÄÁÒÄ ÃÏÍÍÁÎÄÓ ÁÎÄ ÒÅÍÁÒËÓ ÌÉËÅ Ȱ)ÎÔÕÂÁÔÉÏÎȱȢ /ÔÈÅÒ 

important benefits would be gained if voice can avoid postponing the registration, 

which creates a loss of precision, takes extra time and resources. 

5.2.1 Speech recognition in the medical domain  

Improvements in speech recognition have allowed successful project 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 October 2005 (Philips/Max Manus voice technology). 

However, most existing applications are targeted at non-real-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, when speech recognition 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. 1990]. 
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5.2.2 Differences with existing medical voice interfaces  

Current speech recognition systems in daily use in the medical domain, such as for X-

ray diagnosis in 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 X-ray diagnosis. This 

situation creates additional difficulties for speech recognition with a noisy 

ÅÎÖÉÒÏÎÍÅÎÔȟ ÐÏÓÓÉÂÌÙ ×ÉÔÈ ÏÔÈÅÒ ÐÅÏÐÌÅ ÓÐÅÁËÉÎÇȟ ÁÎÄ ×ÉÔÈ ÖÁÒÉÁÔÉÏÎÓ ÉÎ ÔÈÅ ÓÐÅÁËÅÒȭÓ 

voice because of stress, a mask covering 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 15-line 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 speech recognition 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 commands ɀ based on keywords ɀ 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, 

ÓÕÃÈ ÁÓ ȰÉÎÔÕÂÁÔÉÏÎÓȱ ÆÏÒ ÅØÁÍÐÌÅȟ ÆÏÒ ÔÈÅ anaesthesiologist not to have each time to 

explicitly specify the targeted field. Those commands and high-level sentences can be 

recognised by the speech recognition system and associated to a meaning. 

Relying on a precise phraseology to address the system, the speech recognition 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 less long social-cultural process [Nardi 1996]. 

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 

ÇÏÏÄ ÓÔÁÒÔÉÎÇ ÐÏÉÎÔ ÉÓ ÔÏ ÔÅÓÔ ÔÈÅ ÐÒÉÎÃÉÐÌÅ ÏÆ ÔÈÅ ÎÅ× ÔÏÏÌ ÉÎ Ȱ7ÉÚÁÒÄ ÏÆ /Úȱ 

experiments in which a perfect version of the tool will 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 describe the activity of anaesthesia linked to surgery in 

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

ÏÐÅÒÁÔÉÏÎ ÉÓ ÔÏ ÅÎÁÂÌÅ Á ÓÉÔÕÁÔÉÏÎ ÔÈÁÔ ÁÌÌÏ×Ó ÓÕÒÇÅÒÙȡ ÉÔ ÉÓ Á ÆÁÃÉÌÉÔÁÔÏÒȭÓ ÒÏÌÅȢ (Ï×ÅÖÅÒȟ 

while this is the assigned objective, 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 non-reactive. 
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We can identify 6 mains phases in an operation with anaesthesia: a pre-operative 

phase, a pre-anaesthesia phase, an induction phase, a regulation phase, a post-surgical 

phase and a post-operative phase (cf. Table 1). 

Table 1: Main phases of anaesthesia. 

Anaesthesia process 

Pre-

operative 

Peri-operative 
Post-

operative 
Pre-

anaesthesia 
Induction  Maintenance Recovery 

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 risk-level (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 use, physicians generally use 

paper-based documents and will have to re-enter 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 wi ll 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 

ÕÓÅÄ ÔÏ ÒÅÃÏÒÄ ÔÈÅ ÐÁÔÉÅÎÔȭÓ ÖÉÔÁÌ ÓÉÇÎÓ ÁÒÅ ÃÏÎÎÅÃÔÅÄ ÔÏ ÔÈÅ ÍÏÎÉÔÏÒÓ ÁÎÄ ÔÏ ÔÈÅ 

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 anaesthesia 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 

ÁÔ ÅÁÃÈ ÏÔÈÅÒȭÓ ÁÃÔÉÏÎÓȟ ×ÉÔÈÏÕÔ ÍÕÃÈ ÔÁÌËÉÎÇȢ 4ÈÅ ÍÁÉÎ ÅÖÅnts are reported in the EAR 

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 for about 5 minutes. 

4ÈÅ ÎÅØÔ ÓÔÅÐ ÉÓ ÔÈÅ ÉÎÔÕÂÁÔÉÏÎ ÉÔÓÅÌÆȟ ÁÎÄ ÏÎÃÅ ÔÈÅ ÐÁÔÉÅÎÔȭÓ ÓÔÁÔÅ ÉÓ ÓÔÁÂÌÅȟ ÔÈÅ ÓÕÒÇÅÒÙ 

can start. This takes another few minutes. At the early stage that follows the 

intubation, the anaesthesiologists tend to verbalise quite much to the 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 is usually only one anaesthesiologist left (typically  the 

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

ÔÈÉÓ ÏÎÅ ÉÎ ÁÎ ÕÎÃÏÎÓÃÉÏÕÓ ÓÔÁÔÅȢ 4ÈÅ ÁÎÁÅÓÔÈÅÓÉÏÌÏÇÉÓÔ ÃÁÒÅÆÕÌÌÙ ÍÏÎÉÔÏÒÓ ÔÈÅ ÐÁÔÉÅÎÔȭÓ 

health because of drugs side effects and surgery, like impact on blood pressure, 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, but 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 (such 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. 

)Î ÏÒÄÅÒ ÔÏ ÍÏÎÉÔÏÒ ÔÈÅ ÐÁÔÉÅÎÔȭÓ ÓÔÁÔÕÓȟ ÔÈÅ ÁÎÁÅÓÔÈÅÓÉÏÌÏÇÉÓÔ ÌÏÏËÓ ÁÔ ÔÈÅ ÍÏÎÉÔÏÒÓ 

providing vital signs, bÕÔ ÁÌÓÏ ÁÔ ÔÈÅ ÐÁÔÉÅÎÔ ɉÃÏÌÏÕÒ ÏÆ ÔÈÅ ÆÁÃÅȟ ÍÕÓÃÌÅÓȭ ÒÅÌÁØÁÔÉÏÎȟ 

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 anaesthesiologist. 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 another one. For critical cases 

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

wrong. In general, one could say that there is a constant need of anticipation; for 

instanceȡ ÔÈÅ ÉÎÅÒÔÉÁ ÏÆ ÔÈÅ ÂÏÄÙȭÓ ÒÅÁÃÔÉÏÎ ÔÏ ÄÒÕÇÓ ÒÅÑÕÉÒÅÓ ÐÒÏÐÅÒ ÔÅÍÐÏÒÁÌ ÍÏÄÅÌȢ 

The anaesthesiologist also needs to follow the surgical act, as this information will be 

used in order to anticipate the beginning of the recovery phase [de 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 already been 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 phase ɀ the patient 

still being unconscious ɀ, the anaesthesiologist extubates the patient just before this 

one wakes-up. 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 patient 

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 as time 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 enough ɀ e.g. to reply orally ɀ 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 specific comments into the AR, which will be used by 

the nurses in 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. Even 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 well-informed 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 aft erwards, 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 easily identify 

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 real-time. 
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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, tÈÅ ÁÎÁÅÓÔÈÅÓÉÏÌÏÇÉÓÔȭÓ ÓÅÌÆ-consciousness might be improved. 

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 himself/herself, differences with induction and recovery phases are 

minor, at least qualitatively. 

8.1.2 On the interactions with other medical staff  

During high -ÁÃÔÉÖÉÔÙ ÐÈÁÓÅÓȟ ÔÈÅ ÁÎÁÅÓÔÈÅÓÉÏÌÏÇÉÓÔȭÓ ÁÕÄÉÏ ÃÈÁÎÎÅÌ ÍÉÇÈÔ ÂÅ ÌÅÓÓ 

receptive to others. There is thus a potential impact on the communication from other 

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

interact with  is the second anaesthesiologist. Nevertheless, oral communication 

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

The other potential negative impact is on how others pay attention to the 

ÁÎÁÅÓÔÈÅÓÉÏÌÏÇÉÓÔȭÓ ÔÁÌËȢ We have two alternative hypotheses: 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 & Simon 1984], 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. This kind of 

verbalisation is very reliable and increases the cognitive load very slightly. 

The second level requires creating dedicated sentences, such as a description of the 

ÐÁÔÉÅÎÔȭÓ ÓËÉÎȟ ÏÒ about the basic 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 when 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 the 

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 in t 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 the 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 as to navigate 

between the different parts of the patient record. More generally, the phraseology ɀ the 

way to speak to the system ɀ has to be established before trying to implement it into a 

voice engine. 

9.1 From natural speech  

9.1.1 Part1  

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. Scenarios from 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 the main 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 push-button to enable the speech 

recognition. 

9.1.3 Part3  

At this point, one can start establishing a phraseology, i.e. a set of rules about how to 

formulate the needed sentences, and how to process what has been said. Some 

discussions with various nurses, physicians, 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 a suÃÃÅÓÓÉÏÎ ÏÆ Ȱ7ÉÚÁÒÄ ÏÆ /Úȱ ÅØÐÅÒÉÍÅÎÔÓȡ ÔÈÅ speech 

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 of 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 f ull 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 

anaesthesiologist and understandable by a machine. 

9.5 Prototyping  
The phraseology is then tested in a normal room, against an early prototype of speech 

recognition system, to be disambiguated, simplified and modified to improve the 

accuracy of recognition. Tests in anaesthesia 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 voice 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 testing 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 

 

By presenting the previous article at EACEȭάΪΪίȟ the annual conference of the 

European Association of Cognitive Ergonomics1, we sought comments from experts in 

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 dictate 

entries in the anaesthesia record while working. Finally, there were doubts on the 

acceptance of the vocal modality by anaesthesiologists, but also by the rest of the 

medical team, such as the surgery team, that 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 clarification 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 

are finally  tested to conclude on this first point . 

The first preparations for the next part started in November 2005, with the 

experiments carried out from January to February 2006 and with an analysis phase 

until April 2006.  

 

                                                 

1
 [http://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 speech-input 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 microphone, type of recognition mode (free 

speech versus command mode), and type of training. 

Methods: Eight volunteers read aloud a total of about 3 600 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 (e.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: 

Á Speech recognition is increasingly used for anaesthesia related applications 

(pre- and post-anaesthesia) and is now envisaged for real time use during 

operations. 

Á Background noise reduces speech recognition accuracy and there are various 

types of loud noises in an operating room. 

Á Several other factors have an influence on speech recognition rates, such as the 

type of microphone, participants, the type of training and recognition, etc. 

Á There are various known possible strategies to improve speech recognition 

rates. 

 

What the study has added to the body of knowledge: 

Á The impact on speech recognition of various types of noises collected in an 

operating room has been measured. 

Á The relative effect of factors influencing speech recognition rates has been 

evaluated. 

Á 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. 

Á The author believes this is the first paper to be published about an experiment 

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 effects 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 continuous 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 of recognition 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 gender 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 Danish and 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, I 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, I decided to collect some 

background noises, in order to be as realistic as possible. Some background noises 

were thus recorded in an OR (Herlev University Hospital of Copenhagen) during real 

anaesthesias with surgery and X-rays in November 2005. 

This recording was done using a multi-directional microphone placed in the proximity 

of the anaesthesiologist, and recorded on a laptop computer (from now on called 

PC#1). The microphone was an omni -directional  electret condenser microphone 1.7 kɷ 

model ECM-F8 from Sony Corporation (50 ɀ 12 000 Hz). The laptop PC#1 was an IBM 

ThinkPad R32 type 2658 with an Intel Pentium 4m 1.6 GHz processor and 512 MB of 

memory under Microsoft Windows XP SP2. The open source Audacity1 audio 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 16-bit mono channel. 

 

                                                 

1
 [http://audacity.sourceforge.net ] 
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Simultaneously, an integrating sound level meter (from Brüel & Kjær, model 2225) was 

used to measure the peak level and fixed level in dB(A) of various sounds being 

recorded. The 60 s Leq
2 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 pointing the sound level meter toward the 

various sound sources. 

This dB measure with an A-weighting (based on Fletcher-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 standard ITU-R 468 noise weighting of the International 

Telecommunication Union , but it was convenient to use dB(A) since an integrating 

sound level meter 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 I have some dB(A) information. Samples of the 

same type of noise were concatenated together to create longer sequences with the 

ÓÁÍÅ ÔÙÐÅ ÏÆ ÎÏÉÓÅȢ 4ÈÅ ÎÉÎÅ ÓÏÕÎÄÓȟ ÏÒ ȰÂÁÃËÇÒÏÕÎÄ ÎÏÉÓÅÓȱȟ ×ÅÒÅȡ 

(1) Ȱ3ÉÌÅÎÃÅȱȡ ÔÈÅ ÌÁÂÏÒÁÔÏÒÙ ÂÁÃËÇÒÏÕÎÄ ÎÏÉÓÅ ΄έά dB(A); 

(2) Ȱ6ÅÎÔÉÌÁÔÉÏÎΫȱȡ ÔÈÅ ÃÏÎÓÔÁÎÔ ÂÁÃËÇÒÏÕÎÄ ÎÏÉÓÅ ÉÎ ÔÈÅ /2ȟ ÁÉÒ ÃÏÎÄÉÔÉÏÎÉÎÇ ÁÎÄ 

pulse beeps, 48 to 63 dB(A), slow measure 60 dB(A), peak 70 dB(A); 

(3) Ȱ!ÌÁÒÍÓȱȡ Á ÓÅÔ ÏÆ ÃÌÁÓÓÉÃ ÁÎÁÅÓÔÈÅÓÉÁ ÁÌÁÒÍÓ ÕÓÉÎÇ ÖÁÒÉÏÕÓ ÔÏÎÅÓȟ ία-68 dB(A), 

peak 80 dB(A); 

(4) Ȱ3ÃÒÁÔÃÈȱȡ 6ÅÌÃÒÏ ÎÏÉÓÅ ×ÈÅÎ ÏÐÅÎÉÎÇ ÁÎÔÉ 8-ray suites 82 dB(A); 

(5) Ȱ!ÓÐÉÒÁÔÉÏÎȱȡ ÓÕÃÔÉÏÎ ÏÆ ÓÁÌÉÖÁ ÉÎ ÔÈÅ ÐÁÔÉÅÎÔȭÓ ÍÏÕÔÈ ΰί dB(A); 

(6) Ȱ$ÉÓÃÕÓÓÉÏÎȱȡ ÆÅÍÁÌÅ ÖÏÉÃÅÓȟ ÄÉÓÃÕÓÓÉÏÎÓ ÂÅÔ×ÅÅÎ ÔÈÅ ÓÕÒÇÅÏÎ ΰΪ dB(A) and the 

nurse 70 dB(A); 

(7) Ȱ-ÅÔÁÌȱȡ ÖÁÒÉÏÕÓ ÍÅÔÁÌÌÉÃ ÃÌÉÎËÓȟ ίβ ÔÏ βά dB(A), peak 97 dB(A), this is the noise 

with the sharpest peaks; 

(8) Ȱ6ÅÎÔÉÌÁÔÉÏÎάȱȡ 3ÁÍÅ ÁÓ Ȱ6ÅÎÔÉÌÁÔÉÏÎΫȱ ÂÕÔ ΫΪ dB(A) louder, giving 61 to 73 dB(A); 

(9) Ȱ6ÅÎÔÉÌÁÔÉÏÎέȱȡ 3ÁÍÅ ÁÓ Ȱ6ÅÎÔÉÌÁÔÉÏÎΫȱ ÂÕÔ άΪ dB(A) louder, giving 71 to 

83 dB(A), slow measure 75 dB(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 sounds (44.1 KHz, Hanning window 1024): 

 

   

Spectre 2: ventilation 1.        /                  Spectre 3: alarms. 

Frequencies below 50 Hz and above 12 KHz are not relevant due to microphones and 

speakers limitation. Spectre 2 reflects the constant background noises also present in 

all the following spectres. The pike at ~920 Hz is the cardiac pulse beep. On spectre3, 

the pikes from ~460 Hz to ~3 160 Hz are the various tones of the alarms. 

 

   

  Spectre 4: scratch.                     /                   Spectre 5: aspiration. 

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

~1 490 Hz. 

 

   

Spectre 6: discussion.              /                      Spectre 7: metal. 

Spectre 6 is influenced by female voices (typical fundamental frequency 165-255 Hz, 

ÐÌÕÓ ÈÁÒÍÏÎÉÃ ÓÅÒÉÅÓȡ άИÆȟ έИÆȟ ȣɊȢ 3ÐÅÃÔÒÅ α ÈÁÓ ÍÁÎÙ ÐÉËÅÓ ÃÁÕÓÅÄ ÂÙ ÔÈÅ ÖÁÒÉÏÕÓ 

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 STR-GX290) with two loudspeakers (Jamo Compact 1000, 65 Hz-

20 KHz, 90-120 W), positioned 1.5 meters apart and pointing toward participants about 

2 meters away. This is similar to the distance from the anaesthesiologist 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 interesting value 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, I adjusted the replay gain both on PC#3 and on the amplifier in 

order to match as closely as possible the parameters in dB(A) that are the peak levels, 

fast levels and for some sounds the 60 s Leq. I applied an amplification of +13 dB on the 

sound files, which was the maximal gain without saturation; the general and Wave 

volume settings in Windows staying at the maximum; I 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. For 

ÓÏÕÎÄ β Ȱ6ÅÎÔÉÌÁÔÉÏÎάȱȟ ÔÈÅ ÖÏÌÕÍÅ ÏÎ ÔÈÅ ÁÍÐÌÉÆÉÅÒ ×ÁÓ ΰȢέȾΫΪȢ &ÏÒ ÓÏÕÎÄ γ 

Ȱ6ÅÎÔÉÌÁÔÉÏÎέȱȟ ÔÈÅ ÓÏÆÔ×ÁÒÅ ÇÁÉÎ ×ÁÓ ЕάγȢβ dB (just below saturation) and the volume 

on the amplifier was 6/10. 

2.1.5 Subjective loudness  

One problem I faced with these settings is that I subjectively perceived the reproduced 

sounds to be louder than what I recalled them to be when I 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 particularly true with small desktop speakers, 

and was reduced a lot with the large Hi-fi speakers finally used. 

I suspect this could be due to a combination of reverberation effects due to a different 

size and type of room [Gelfand & Silman 1979], of microphones 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 Philips3 

SpeechMagic 5.1.529 SP3 (March 2003) and SpeechMagic InterActive (January 2005), 

×ÉÔÈ Á ÐÁÃËÁÇÅ ÆÏÒ ÔÈÅ $ÁÎÉÓÈ ÌÁÎÇÕÁÇÅ ɉήΪΪȢΫΪΫȟ άΪΪΫɊ ÁÎÄ Á Ȱ#ÏÎ4ÅØÔȱ ÆÏÒ ÍÅÄÉÃÁÌ 

dictation in Danish (MultiMed Danish 510.011, 2004) from Philips in collaboration with 

the Danish company Max Manus4. This medical module is not restricted to 

anaesthesia. The speech recognition workflow is the same as detailed in [Zafar et al. 

2004]. 

&ÏÒ ÖÏÉÃÅ ÄÉÃÔÁÔÉÏÎ ÉÎ ÆÒÅÅ ÓÐÅÅÃÈ ÍÏÄÅȟ ÏÒ ȰÎÁÔÕÒÁÌ ÌÁÎÇÕÁÇÅȱȟ 3ÐÅÅÃÈ-ÁÇÉÃ ÉÓ 

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 Vejle 

Hospital (Denmark), for pre - and post-operative 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. 

&ÏÒ ÖÏÉÃÅ ÃÏÍÍÁÎÄÓȟ ÏÒ ȰÃÏÎÓÔÒÁÉÎÅÄ ÌÁÎÇÕÁÇÅȱȟ 3ÐÅÅÃÈ-ÁÇÉÃ )ÎÔÅÒ!ÃÔÉÖÅ ÕÓÅÓ 

grammars [Giorgino et al. 2005] describing the set of possible commands. SpeechMagic 

InterActive comes with several examples and a software development kit to make ad 

hoc ÐÒÏÇÒÁÍÓȢ 3ÔÁÔÉÃ ÇÒÁÍÍÁÒÓ ÁÒÅ ×ÒÉÔÔÅÎ ÉÎ ÔÈÅ Ȱ*ÁÖÁ 3ÐÅÅÃÈ 'ÒÁÍÍÁÒ &ÏÒÍÁÔȱ5 1.0 

(JSGF) that is in the Bachus Naur form, with some proprietary extensions. The 

ÇÒÁÍÍÁÒ ÍÕÓÔ ÃÏÎÔÁÉÎ ÔÈÅ ÐÈÏÎÅÔÉÃ ÔÒÁÎÓÃÒÉÐÔÉÏÎ ÏÆ ÔÈÅ ÔÅÒÍÓ ÕÓÅÄȟ ÉÎ ÔÈÅ Ȱ3ÐÅÅÃÈ 

AsseÓÓÍÅÎÔ -ÅÔÈÏÄÓ 0ÈÏÎÅÔÉÃ !ÌÐÈÁÂÅÔȱ6 (SAMPA). It is possible to provide a list of 

alternatives, when a word or sentence can be pronounced in different ways. To assist in 

ÔÈÉÓ ÏÐÅÒÁÔÉÏÎȟ 3ÐÅÅÃÈ-ÁÇÉÃ )ÎÔÅÒ!ÃÔÉÖÅ ÃÏÎÔÁÉÎÓ Á Ȱ0ÈÏÎÅÔÉÃ 4ÒÁÎÓÃÒÉÂÅÒ ÃÏÍÐÏÎÅÎÔȱȢ 

ExaÍÐÌÅ ÆÏÒ ÔÈÅ $ÁÎÉÓÈ ×ÏÒÄ ÆÏÒ ȰÐÏÉÎÔȱ ×ÉÔÈ Ô×Ï ÁÌÔÅÒÎÁÔÉÖÅÓȡ 

punktum {PHONETIC="p O N t O m;p O N g t O m;";};  

 

Since previous articles [Zaphar et al. 1999], Philips SpeechMagic has evolved, as it is 

now available in various languages (the present experiments have been made in 

Danish), is no longer batch only (i.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 ] 

4
 [http://maxmanus.dk ] 

5
 [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 was installed on PC#1. The whole system was duplicated to another 

laptop computer PC#2 using an image of the hard-drive with Symantec Norton Ghost7. 

PC#2 was 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 speech recognition since the processor speed was identical on both computers, 

both have enough memory, the free speech recognition is not made in real time, and 

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 recognition 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 62648 (Mic#1). This was the recommended model for 

the Philips SpeechMagic system. It is a Dictaphone-like device, held in one hand about 

15 cm from the mouth. On PC#2, a headset microphone was used (Mic#2, ~2.5 cm from 

the mouth), model PC145-USB9 from Sennheiser Communications (uni-directional, 80 

ɀ 15 000 Hz, -38 dB, ~2 kɷ). Sennheiser indicates that this model is suited for speech 

recognition. One of its earphones was removed, so that participants might hear the 

background noise properly and therefore be affected by the so-called Ȱ,ÏÍÂÁÒÄ ÅÆÆÅÃÔȱ 

[Lombard 1911]. This effect is the tendency to alter the voice in noisy environments, 

and is known to affect speech recognition performance [Hansen 1996]. 

Max Manus previously tested other models of Sennheiser headset microphones with 

good success. Another model, the PC120 using an omni-directional 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. 

                                                 

7
 [http://symantec.com/sabu/ghost/ghost_personal/ ] 

8
 [http://dictation.philips.com/index.ph p?id=1470 ] 

9
 [http://www.oticon.com/eprise/main/SennheiserCommunications/com/Products/CNT05_VBLG?ProductId=PC145 ] 
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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 Figure 1 

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 headset. The loudspeakers (SP#1, SP#2) were two 

meters to the left of the participants. The two microphones were approximately at the 

same distance from the loudspeakers. 

 

 
Figure 1: Experiments configuration. 

 

2.2.4 Participants  

Eight subjects participated in this experiment (4 males, 4 females, 27 to 62 years of 

age). The participants had 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 familiarise themselves 

with the expressions and sentences to be dictated. 
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Photo  1: A participant during the experiments. 

 

2.2.5 Test material  

On 24 January 2005, I visited Køge Hospital (Denmark), where they use an electronic 

anaesthesia record system (Dräger Innovian10). I collected the list of fixed comments 

that are available thru their touch screen while the anaesthesia is running. I also took a 

transcript of the 600 most used comments out of the 12 009 different fixed or free 

comments typed by anaesthesiologists during the year 2004 (2004-01-01 to 2005-01-25). 

The distribution of frequencies is interesting: the most frequent comment was used 

9 495 times, the 17th 1 135 times, the 43rd 105 times, the 146th 11 times, the 982nd 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 the speech recognition 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 Køge corpus, followed by the Danish wÏÒÄ ÆÏÒ ȰÐÏÉÎÔȱȢ 4ÈÅ 

ÆÒÅÅ ÔÅØÔ ÍÏÄÅ ÁÌÓÏ ÁÃÃÅÐÔÓ ÔÈÅ $ÁÎÉÓÈ ×ÏÒÄ ÆÏÒ ȰÐÏÉÎÔȱ ÁÓ Á ÓÐÅÃÉÁÌ ËÅÙ×ÏÒÄ ÔÈÁÔ 

inserts a full stop. During dictations, each comment was followed by the Danish word 

ÆÏÒ ȰÆÕÌÌ ÓÔÏÐȱ, so the same dictation could then be used both for command mode, and 

for a clean free text transcription. 

                                                 

10
 [http://www.draeger -

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


