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Abstract of intubation among children with asthma, a greater

We describe a bidirectional version of the sk of hospital admissions among adults, an in-
grammar-based MedSLT medical speech c_re_ased_ risk of drug con_wplic_ations, Ipnger medical
system. The system supports simple medi- y|5|ts, higher resource utlllz_atlop for Q|agno§t|c test-
cal examination dialogues about throat pain ing, Iowe.r patlen_t satisfaction, mp;ured patient un-
between an English-speaking physician and derstanding qf diagnoses, me'zd'lca'ltlons, and follow-
a Spanish-speaking patient. The physician’s up, and medical errors and |njur|e§lcﬁre_s, 2005
side of the dialogue is assumed to consist Flores, 2006  Nevertheless, many patients who
mostly of WH-questions, and the patient's of need m_edlcal mtgrpreters do not get them: For ex-
elliptical answers. The paper focusses onthe 2MPle, in the United States, where 52 million peo-
grammar-based speech processing architec- P/€ SPeak a language other than English at home
ture, the ellipsis resolution mechanism, and @nd 23 million people have limited English profi-
the online help system. ciency (LEP) Census,'ZOQY one stu.dy found that
about half of LEP patients presenting to an emer-
gency department were not provided with a medical
There is an urgent need for medical speech traniiterpreter Baker et al., 1996 There is thus a sub-
lation systems. The world’s current populationstantial gap between the need for and availability of
of 6.6 billion speaks more than 6,000 languageinguage services in health care, a gap that could be
(Graddol, 200% Language barriers are associate®ridged through effective medical speech translation
with a wide variety of deleterious consequences ifyStems.

healthcare, including impaired health status, a lower An ideal system would be able to interpret ac-
likelihood of having a regular physician, lower ratescurately and flexibly between patients and health
of mammograms, pap smears, and other prevenare professionals, using unrestricted language and
tive services, non-adherence with medications, @ large vocabulary. A system of this kind is, un-
greater likelihood of a diagnosis of more severe psyfortunately, beyond the current state of the art.
chopathology and leaving the hospital against medt is, however, possible, using today’s technol-
ical advice among psychiatric patients, a lower likeegy, to build speech translation systems for specific
lihood of being given a follow-up appointment af-scenarios and language-pairs, which can achieve
ter an emergency department visit, an increased risicceptable levels of reliability within the bounds

1 Background
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of a well-defined controlled language. MedSLTMitamura, 1999, and variants of these methods can
(Bouillon et al., 200% is an Open Source systemalso be adapted for spoken language applications.
of this type, which has been under construction @ur experiments with MedSLT show that even a
Geneva University since 2003. The system is builjuite simple help system is enough to guide users
on top of Regulus Rayner et al., 2006 an Open quickly towards the intended coverage of a medium-
Source platform which supports development ofocabulary grammar-based speech translation appli-
grammar-based speech-enabled applications. Regation, with most users appearing confident after just
lus has also been used to build several other systenas, hour or two of exposureSfarlander et al., 2005
including NASA's ClarissaRayner et al., 2005b Chatzichrisafis et al., 2006

The most common architecture for speech trans- Until recently, the MedSLT system only sup-
lation today uses statistical methods to perform botported unidirectional processing in the physician
speech recognition and translation, so it is wortho patient direction. The assumption was that the
clarifying why we have chosen to use grammarphysician would mostly ask yes/no questions, to
based methods. Even though statistical architegvhich the patient would respond non-verbally, for
tures exhibit many desirable properties (purely dataexample by nodding or shaking their head. A uni-
driven, domain independent), this is not necessadirectional architecture is easier to make habitable
ily the best alternative in safety-critical medical apthan a bidirectional one. It is reasonable to as-
plications. Anecdotally, many physicians expressume that the physician will use the system regu-
reluctance to trust a translation device whose outarly enough to learn the coverage, but most patients
put is not readily predictable, and most of thewill not have used the system before, and it is less
speech translation systems which have reached tbkear that they will be able to acclimatize within the
stage of field testing rely on various types ofnarrow window at their disposal. These consider-
grammar-based recognition and rule-based translations must however be balanced against the fact
tion (Phraselator, 20QFluential, 2007. that a unidirectional system does not allow for a

Statistical speech recognisers can achieve imprgzatient-centered interaction characterized by mean-
sive levels of accuracy when trained on enough datagful patient-clinician communication or shared de-
but it is a daunting task to collect training mate-cision making. Multiple studies in the medical lit-
rial in the requisite quantities (usually, tens of thouerature document that patient-centeredness, effec-
sands of high-quality utterances) when trying tdive patient-clinician communication, and shared de-
build practical systems. Considering that the mediision making are associated with significant im-
cal speech translation applications we are interestgdovements in patient health outcomes, including
in constructing here need to work for multiple lan-reduced anxiety levels, improved functional sta-
guages and subdomains, the problem becomes ewues, reduced pain, better control of diabetes melli-
more challenging. Our experience is that grammatus, blood pressure reduction among hypertensives,
based systems which also incorporate probabilistimproved adherence, increased patient satisfaction,
context-free grammar tuning deliver better resultand symptom reduction for a variety of conditions
than purely statistical ones when training data argStewart, 1995Michie et al., 2003 A bidirectional
sparse Rayner et al., 2005a system is considered close to essential from a health-

Another common criticism of grammar-basedcare perspective, since it appropriately addresses the
systems is that out-of-coverage utterances wikey issues of patient centeredness and shared de-
neither be recognized nor translated, an objecision making. For these reasons, we have over
tion that critics have sometimes painted as ddhe last few months developed a bidirectional ver-
cisive. It is by no means obvious, howeversion of MedSLT, initially focussing on a throat pain
that restricted coverage is such a serious prolseenario with an English-speaking physician and a
lem. In text processing, work on several generSpanish-speaking patient. The physician uses full
ations of controlled language systems has devetentences, while the patient answers with short re-
oped a range of technigues for keeping users withsponses.
the bounds of system coveragKit{redge, 2003 One of the strengths of the Regulus approach is
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that it is very easy to construct parallel versions ofthe same view of the screen. This is in sharp contrast
a grammar; generally, all that is required is to varyo the majority of the medical speech translation sys-
the training corpus. (We will have more to say aboutems described in the literatur8dmers, 2006
this soon). We have exploited these properties of As shown in the screenshots, the main GUI win-
the platform to create two different configurationsdow is separated into two tabbed panes, marked
of the bidirectional system, so that we can comparéoctor” and “Patient”. Initially, the “Doctor” view
competing approaches to the problem of accommgthe one shown in Figur#) is active. The physician
dating patients unfamiliar with speech technologypresses the “Push to talk” button, and speaks into
In Version 1 (less restricted), the patient is allowedhe headset microphone. If recognition is success-
to answer using both elliptical utterances and shofil, the GUI displays four separate results, listed on
sentences, while in Version 2 (more restricted) theghe right side of the screen. At the top, immediately
are only permitted to use elliptical utterances. Thusinder the heading “Question”, we can see the actual
for example, if the physician asks the question “Howvords returned by speech recognition. Here, these
long have you had a sore throat?”, Version 1 allowgords are “Have you had rapid strep test”. Below,
the patient to respond both “Desde algunos diasie have the help pane: this displays similar ques-
(“For several days”) and “Me ha dolido la gargantaions taken from the help corpus, which are known to
desde algunos dias” (“I have had a sore throat fase within system coverage. The pane marked “Sys-
several days”), while Version 2 only allows the firsttem understood” shows a back-translation, produced
of these. Both the short and the long versions atgy first translating the recognition result into inter-
translated uniformly, with the short version resolvedingua, and then translating it back into English. In
using the context from the preceding question.  the present example, this corrects the minor mistake
In both versions, if the patient finds it too chal-the recogniser has made, missing the indefinite ar-
lenging to use the system to answer WH-questiortgle “a”, and confirms that the system has obtained
directly, it is possible to back off to the earlier di-a correct grammatical analysis and interpretation at
alogue architecture in which the physician uses Ythe level of interlingua. At the bottom, we see the
N questions and the patient responds with simpl&rget language translation. The left-hand side of the
yes/no answers, or nonverbally. Continuing the exscreen logs the history of the conversation to date, so
ample, if the patient is unable to find an approthat both sides can refer back to it.
priate way to answer the physician’s question, the If the physician decides that the system has cor-
physician could ask “Have you had a sore throat fafectly understood what they said, they can now press
more than three days?”; if the patient responds negghe “Play” button. This results in the system produc-
tively, they could continue with the follow-on ques-ing a spoken output, using the Vocalizer TTS engine.
tion “More than a week?”, and so on. Simultaneously with speaking, the GUI shifts to the
In the rest of the paper, we first describe théPatient” configuration shown in Figur2 This dif-
system top-level (Sectior?), the way in which fers from the “Doctor” configuration in two respects:
grammar-based processing is used (Sec8prthe all text is in the patient language, and the help pane
ellipsis processing mechanism (Secti)n and the presents its suggestions immediately, based on the
help system (SectioB). Section6 presents an ini- preceding physician question. The various process-
tial evaluation, and the final section concludes.  ing components used to support these functionalities
are described in the following sections.
2 Top-level architecture

3 Grammar-based processing
The system is operated through the graphical user

interface (GUI) shown in Figured and 2. In Grammar-based processing is used for source-
accordance with the basic principles of patientlanguage speech recognition and target-side genera-
centeredness and shared decision-making outlinddn. (Source-language analysis is part of the recog-
in Sectionl, the patient and the physician each havaition process, since grammar-based recognition in-
their own headset, use their own mouse, and shatkides creating a parse). All of these functionalities
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» MedSLT

Elle Settings Help
History ) = Doctor | [ ===
= do you have fever? 22
1 g tiene fiebre? [Pushtotak |[ Play ]
0 o mucho Qestion
= | have a severe faver 5
i have you had rapid strep test?
= what is your temperature? -
-1 ; cuantos grados tisne? was a strep test carried out o
T grados was a rapid strep test done
= my temperature is one hundred four degrees how long have you had congestion
was a strep test done
how long have you had a stomachache
how long hawve you had a headache —
wihat were the results of the strep test
what was the result of the stren test b
System understood
hawe you had a rapid strep test?
Translation
i lehan realizado una prusha rapida por estreptococo?
b
Ready. : | Pharyngitis Restricted |

Figure 1: Screenshot showing the state of the GUI after tlysipian has spoken, but before he has pressed
the “Play” button. The help pane shows similar queries kntmipe within coverage.

» MedSLT

il il R
History : 2= Digetor| M Patient|
= do you have fever? #1| Faciente
-0 ; tiene fiebre?
[ Puisay habla
| have a severe fever Respuesta
= what is your temperature?
i 2 ados tiene?
grados
= iy ternperature is one hundred four degrees L )
have you had rapid strep test? n2se
"l o le han realizado una prueba répida por estreptococo? HE R
no pienso =
sila semana pasada
si hace dos dias v
El sisterma ha entendido
Traduccion
v
Ready. : | Pharyngitis Restricted |

Figure 2: Screenshot showing the state of the GUI after tlysiplan has pressed the “Play” button. The
help pane shows known valid responses to similar questions.
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are implemented using the Regulus platform, witimar contains several important constructions that the
the task-specific grammars compiled out of generather lacks. For example, subordinate clauses are
feature grammar resources by the Regulus tools. Foentral in the headache domain (“Do the headaches
both recognition and generation, the first step ieccur when you are stressed?”) but are not present
to extract a domain-specific feature grammar fronmn the sore throat domain; this is because the stan-
the general one, using a version of the Explanatiodard headache examination questions mostly focus
Based Learning (EBL) algorithm. on generic conditions, while the sore throat exami-
The extraction process is driven by a corpus of exaation questions only relate to concrete ones. Con-
amples and a set of “operationality criteria”, whichversely, relative clauses are important in the sore
define how the rules in the original resource gramthroat domain (“I have recently been in contact with
mar are recombined into domain-specific ones. It isomeone who has strep throat”), but are not suffi-
important to realise that the domain-specific grameiently important in the headache domain to be cov-
mar isnot merely a subset of the resource grammasred there.
a typical domain-specific grammar rule is created by On the Spanish (patient) side, there are four
merging two to five resource grammar rules into grammars involved. For recognition, we have
single “flatter” rule. The result is a feature gram-+wo different grammars, corresponding to the two
mar which is less general than the original one, butersions of the system; the grammar for Ver-
more efficient. For recognition, the grammar is thesion 2 is essentially a subset of that for Version
processed further into a CFG language model, usirly  For generation, there are two separate and
an algorithm which alternates expansion of featurquite different grammars: one is used for trans-
values and filtering of the partially expanded gramiating the physician’s questions, while the other
mar to remove irrelevant rules. Detailed descripproduces back-translations of the patient's ques-
tions of the EBL learning and feature grammar tions. All of these grammars are extracted from
CFG compilation algorithms can be found in Chapa general shared resource grammar for Romance
ters 8 and 10 ofRayner et al., 2006 Regulus fea- languages, which currently combines rules for
ture grammars can also be compiled into generatosench, Spanish and Catalaogillon et al., 2006
using a version of the Semantic Head Driven algoBouillon et al., to appear 2007b
rithm (Shieber et al., 1990 One interesting consequence of our methodology
The English (physician) side recogniser is comis related to the fact that Spanish is a prodrop lan-
piled from the large English resource grammar deguage, which implies that many sentences are sys-
scribed in Chapter 9 ofRayner et al., 2006 and tematically ambiguous between declarative and Y-N
was constructed in the same way as the one dguestion readings. For example, “He consultado un
scribed in Rayner et al., 2009awhich was used for médico” could in principle mean either “I visited a
a headache examination task. The operationality cidoctor” or “Did | visit a doctor?”. When training the
teria are the same, and the only changes are a diffejpecialised Spanish grammars, it is thus necessary to
ent training corpus and the addition of new entriespecify which readings of the training sentences are
to the lexicon. The same resources, with a differto be used. Continuing the example, if the sentence
ent training corpus, were used to build the Englisloccurred in training material for the answer gram-
language generator. It is worth pointing out that, almar, we would specify that the declarative reading
though a uniform method was used to build thes@as the intended ofe
various grammars, the results were all very differ-
ent. For example, the recognition grammar frond Ellipsis processing and contextual
(Rayner et al., 2005ais specialised to cover only interpretation
second-person questions (“Do you get headaches _ _ _
in the mornings?”), while the generator grammal” Version 1 of the system, the patient is per-
used in the present application covers only firstitted to answer using elliptical phrases; in Ver-
person declarative statements (“l visited the doctor i1, specification can be formulated as a preference that
last Monday.”). In terms of structure, each gramapplies uniformly to all the training examples in a givenugyo
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sion 2, she is obliged to do so. Ability to pro-yourtemperature?”; “Cuarenta grades™My tem-
cess elliptical responses makes it easier to guide tperature is forty degrees”), resolution substitutes the
patient towards the intended coverage of the sysepresentation of the elliptical phrase for that of a
tem, without degrading the quality of recognitionsemantically similar element in the question.
(Bouillon et al., to appear 200yaThe downside is  The least trivial aspect of this process is provid-
that ellipses are also harder to translate than full semg a suitable definition of “semantically similar”.
tences. Even in a limited domain like ours, and in &his is done using a simple example-based method,
closely related language-pair, ellipsis can generallyy which the grammar developer writes a set of dec-
not be translated word for word, and it is necessanarations, each of which lists a set of semantically
to look at the preceding context if the rules are tgimilar NPs. At compile-time, the grammar is used
be applied correctly. In examples 1 and 2 belowio parse each NP, and extract a generalised skele-
the locative phrase “In your stomach” in the Englishion, in which specific lexical information is stripped
source becomes the subject in the Spanish transkway; at run-time, two NPs are held to be semanti-
tion. This implies that the translation of the ellipsiscally similar if they can each be unified with skele-
in the second physician utterance needs to changsns in the same equivalence class. This ensures that
syntactic category: “In your head” (PP) becomeshe definition of the semantic similarity relation is

“La cabeza” (NP). stable across most changes to the grammar and lex-
(1) Doctor: Do you have a pain in your icon. The issues are described in greater detail in
stomach? (Bouillon et al., to appear 200Ya
(Trans): Le duele el estomago?
(2) Doctor: In your head? 5 Help System

(Trans): *En la cabeza?

Since examples like this are frequent, our sysSince the performance of grammar-based speech un-
tem implements a solution in which the patient'sderstanding is only reliable on in-coverage mate-
replies are translated in the context of the precedtal, systems based on this type of architecture must
ing utterance. If the patient-side recogniser’s outpuiecessarily use a controlled language approach, in
is classified as an ellipsis (this can done fairly reliwhich it is assumed that the user is able to learn the
ably thanks to use of suitably specialised grammarsglevant coverage. As previously noted, the Med-
cf. Section3), we expand the incomplete phraseSLT system addresses this problem by incorporat-
into a full sentence structure by adding appropriatihg an online help systemStarlander et al., 2005
structural elements from the preceding physicianchatzichrisafis et al., 2006
side question; the expanded semantic structure is theon the physician side, the help system offers, af-
one which is then translated into interlingual form,ter each recognition event, a list of related ques-
and thence back to the physician-side language. tions; similarly, on the patient side, it provides ex-

Since all linguistic representations, includingamples of known valid answers to the current ques-
those of elliptical phrases and their contexts, are refion. In both cases, the help examples are extracted
resented as flat attribute-value lists, we are able tgom a precompiled corpus of question-answer pairs,
implement the resolution algorithm very simply inwhich have been judged for correctness by system
terms of list manipulation. In YN-questions, wheredevelopers. The process of selecting the examples
the elliptical answer intuitively adds information tojs slightly different on the two sides. For questions
the question (“Did you visit the doctor?”; “El lunes” (physician side), the system performs a second par-
— “I visited the doctor on Monday”), the repre- gjle| recognition of the input speech, using a sta-
sentations are organised so that resolution mainfistical recogniser. It then compares the recogni-
amounts to concatenation of the two Ifstén WH-  tjon result, using an N-gram based metric, against
questions, where the answer intuitively substituteghe set of known correct in-coverage questions from
the elliptical answer for the WH-phrase (“What isthe question-answer corpus, to extract the most sim-

2Itis also necessary to replace second-person pronouns witgl Ones. For answers_(panent side), the help Sys-
first-person counterparts. tem searches the question-answer corpus to find the
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guestions most similar to the current one, and showiganslated completely correctly, and a further 3 were
the list of corresponding valid answers, using th@udged correct in terms of meaning, but less than flu-
whole list in the case of Version 1 of the system, anént. Only 3 examples were badly translated: of these
only the subset consisting of elliptical phrases in thewo were caused by problems in a translation rule,

case of Version 2.

and one by incorrect treatment of ellipsis resolution.

We show representative exchanges below; the last of

6 Evaluation

In previous studies, we have evaluated speech(3) Doctor:

recognition and speech understanding per-

formance for physician-side questions in Patient:
English  @Bouillon etal., 2005 and Spanish

(Bouillon et al., to appear 200yb and investi- (Trans):
gated the impact on performance of the help system

(Rayner et al., 2005aStarlander et al., 2005 We  (4) Doctor:
have also carried out recent evaluations designed to Patient:
contrast recognition performance on elliptical and (Trans):
full versions of the same utterance; here, our resultg5) Doctor:
suggest that elliptical forms of (French-language)

MedSLT utterances are slightly easier to recognise Patient:
in terms of semantic error rate than full sentential (Trans):
forms Bouillon et al., to appear 200Y.aOur initial

evaluation studies on the bidirectional system have(6) Doctor:
focussed on a specific question which has particular

relevance to this new version of MedSLT. Since Patient:
we are assuming that the patient will respond (Trans):

using elliptical utterances, and that these utterances
will be translated in the context of the preceding

these is the one in which ellipsis processing failed to
work correctly.

For how long have you

had your sore throat?

Desde hace mas de

una semana

| have had a sore
throat for more than one week
What were the results?
Negativo

The results were negative
Have you seen a doctor
for your sore throat?

Si el lunes

| visited the doctor
for my sore throat monday
Have you been with anyone
recently who has a strep throat?
Si méas de dos semanas

| was in contact with someone
more than two weeks recently
who had strep throat

physician-side question, how confident can we ]
be that this context-dependent translation will bd ~Conclusions

correct? We have presented a bidirectional grammar-based
In order to investigate these issues, we performegnglish < Spanish medical speech translation sys-
a small data-collection using Version 2 of the system built using a linguistically motivated archi-
tem, whose results we summarise here. One of thgcture, where all linguistic information is ulti-
authors of the paper played the role of an Englishmately derived from two resource grammars, one
speaking physician, in a simulated medical examfor each language. We have shown how this en-
ination scenario where the goal was to determingples us to derive the multiple grammars needed,
whether or not the “patient” was suffering from awhich differ both with respect to function (recog-
viral throat infection. The six SUbjeCtS playlng thEnition/generation) and to domain (physician ques-
role of the patient were all native speakers of Spafions/patient answers). The system is currently un-
ish, and had had no previous exposure to the systeffergoing initial lab testing; we hope to advance to

or indeed any kind of speech technology. They wergjtial trials on real patients some time towards the
given cards describing the symptoms they were sund of the year.

posed to be displaying, on which they were asked
to based their answers. From a total of 92 cor-
rectly recognised patient responses, we obtained References
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