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Abstract

Background: In the context of the current refugee crisis, emergency services often have to dea with patients who have no
language in common with the staff. Asinterpreters are not always available, especially in emergency settings, medical personnel
rely on alternative solutions such as machine trandlation, which raises reliability and data confidentiality issues, or medical
fixed-phrase trandators, which sometimes lack usability. A collaboration between Geneva University Hospitals and Geneva
University led to the devel opment of Babel Dr, anew type of speech-enabled fixed-phrase trand ator. Similar to other fixed-phrase
translators (such as Medibabble or UniversalDaoctor), it relies on a predefined list of pretransated sentences, but instead of
searching for sentences in thislist, doctors can freely ask questions.

Objective: This study aimed to assess if a trandation tool, such as BabelDr, can be used by doctors to perform diagnostic
interviews under emergency conditions and to reach a correct diagnosis. In addition, we aimed to observe how doctors interact
with the system using text and speech and to investigate if speech is a useful modality in this context.

Methods: We conducted a crossover study in December 2017 at Geneva University Hospitals with 12 French-speaking doctors
(6 doctors working at the outpatient emergency service and 6 general practitioners who also regularly work in this service). They
were asked to use the Babel Dr tool to diagnose two standardized Arabic-speaking patients (one male and onefemale). The patients
received apriori list of symptomsfor the condition they presented with and were instructed to provide a negative or noncommittal
answer for all other symptoms during the diagnostic interview. The male patient was standardized for nephritic colic and the
female, for cydtitis. Doctors used Babel Dr as the only means of communication with the patient and were asked to make their
diagnosis at the end of the dialogue. The doctors also completed a satisfaction questionnaire.

Results: All doctorswere able to reach the correct diagnosis based on the information collected using BabelDr. They all agreed
that the system hel ped them reach a conclusion, even if one-half felt constrained by the tool and some considered that they could
not ask enough questions to reach a diagnosis. Overall, participants used more speech than text, thus confirming that speech is
an important functionality in this type of tool. There was a negative association (P=.02) between the percentage of successful
speech interactions (spoken sentences sent for trandation) and the number of translated text items, showing that the doctors used
more text when they had no success with speech.

Conclusions: In emergency settings, when no interpreter is available, speech-enabled fixed-phrase translators can be a good
alternative to reliably collect information from the patient.

(JMIR Med Inform 2019;7(2):e13167) doi: 10.2196/13167
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Introduction

Background

In the context of the current refugee crisis, emergency services
areincreasingly confronted with patients who have no language
in common with staff and may not share the same culture. For
example, at Geneva University Hospitals (HUG), 52% of
patients areforeignersand 10% speak no French at all. In 2017,
the 10 languages for which interpretation serviceswere the most
solicited were Tigrinya, Tamil, Albanian, Farsi, Spanish,
Somalian, Syrian, Dari, Portuguese, and Arabic (North Africa).
Taken together, these languages represent 75% of the
interpreting hours a8 HUG (Geneva University Hospitals,
personal communication, 2017).

This language barrier situation is known to pose many safety
and ethical problems: It is responsible for increased risks for
patients[1] and is very expensive. For example, as reported by
Rechel et a in 2003 [2], the United States Institute for
Healthcare Advancement estimated that US $73 hillion was
wasted annually in the United States as a result of
communication problemsin health care, many of which originate
from language differences. Both ethically and legally, hospitals
have a duty to offer all patients the same quality of care,
including theright to have adial ogue with health professionals.

Different solutions are available for use in emergency settings
to address these language barriers, but they all have their
drawbacks. Phone-based interpreter services, which arethe most
common solution, are generally considered adequate, but they
are expensive (3 Swiss francg/minute with AOZ Medios, a
national interpreting service mandated by the Swiss Federa
Office of Public Headlth), not aways available for some
languages, and less satisfactory than face-to-face interaction
with a physically present interpreter [3]. Asking patients
relativesto translate speech isknown to create substantial risks
[1]. Machine tranglation, such as Google Trandlate, another
low-cost solution more commonly used in emergency contexts,
isalso extremely problematic, as this type of tool has not been
developed for medical use. Some recent studies have estimated
that nearly 40% of sentences of medical speech trandated by
Google Trandate are mistrand ated [4,5]. However, such systems
also pose ethical problems and are not currently compatible
with the Swiss Data Protection Law. A plethora of specialized
systems have also been devel oped for medical communication,
both in the academic and industry settings (including
fixed-phrase trandation or machine translation systems [6]),
but it is not always clear how they were built or evaluated and
if they are extensible. As emphasized in the recent review by
Dew et al [6], thereisalack of criteriafor the development and
evaluation of these systems, which impedes the adoption of
these systems in emergency settings.

For these reasons, we have developed a new type of
speech-enabled fixed-phrase trandlation tool for medical
dialogue (BabelDr [7]), based on our previous experience in
the field [8] in a collaborative venture between HUG and the
University of Geneva Faculty of Trandlation and Interpreting.
This tool is a compromise between speech-to-speech machine
trandation and fixed-phrase trandation systems and directly
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addresses specific needs in emergency settings (ie, high
accuracy, extensibility, portability to low-resource languages
and domains, and data security). It was also designed as a way
to collect doctor-patient dialogues and thereby improve our
understanding of the criteria for the development of this type
of system.

Thisstudy isthefirst step in thisdirection. It aimsto determine
whether this type of restricted translation tool can be used by
doctors to perform a diagnostic interview and reach a correct
diagnosis and to quantify if speech adds value to fixed-phrase
tranglators. Although different evaluations of medical devices
have been conducted [6], to the best of our knowledge, thisis
thefirst study that attemptsto show theimpact of “phraselators’
on the diagnosis and to define a methodol ogy to achieve this.

The BabelDr App

The Babel Dr app can be characterized asa“ phraselator” [9,10].
Similar to well-known medical fixed-phrase transation apps
such as Medibabble [11] or UniversalDoctor [12], the system
relies on a set of predefined sentences (mostly yes/no medical
guestions or instructions) translated by human trandators to
ensuretrandation reliability. However, in contrast to traditional
fixed-phrase trand ators, the doctor can also freely ask higher
guestion and the system will match the recognition result to the
closest predefined sentence in the list. The app was designed
from the beginning to meet the hospital’s needs. In particular,
it is easy to extend it to new target languages and situationsin
order to follow demographic changes and allow its integration
in different services. The content is described efficiently with
rules (synchronized grammar [13]) that map multiple
synonymous patterns (“variations’) to a sentence expressing
the core meaning (“ core sentence”). For example, “ Do you have
afever?’ “Isyour temperature high?’ and “Have you observed
a high temperature?’ will all be mapped to the core sentence
“Do you have fever?’ In addition, patterns with variables (eg,
“IsitaQUALITATIVE pain?’ “Doyou haveaQUALITATIVE
pain?’ etc, where “QUALITATIVE” isavariable that can take
multiple values such as “severe’ and “dull”) alow the
description of content in aproductive way. The system currently
contains around 2500 patterns and 600 variables, linking more
than one billion variations to approximately 25,000 core
sentences. Tranglation follows the usual standards and is
performed online with trandation memory in two
steps—translation of patternsfollowed by revision of complete
sentences [14]. Target languages focus on the languages
important for HUG (Spanish, Arabic, Swiss French sign
language, Tigrinya, Farsi, Dari, and Albanian). To ensure data
confidentiality, both speech recognition and transation are
carried out on securelocal serversand al interactions are saved
locally.

For speech recognition and matching, the system combines
rule-based and robust methods, derived from the rules. When
the doctor speaks, the system first recognizeswhat issaid using
both a grammar-based version of “Nuance” and a specialized
statistical version (Nuance Communications Inc, Burlington,
MA). It then maps the recognition results to the closest core
sentence using both rules and robust matching techniques
borrowed from information retrieval, described in detail
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elsewhere [15]. This closest core sentence is then trandated
orally for the patient who will answer nonverbally. Asit is not
an exact trandation of the doctor’s question, but a trandation
of the corresponding matched sentence, the core sentence is
always echoed back to the doctor, so that he can verify what
the system understood. The trandation is thus only produced
for the patient if the core sentence is approved by the doctor.
Therefore, core sentences play a crucia role in the process by
not only providing feedback to doctors concerning recognition
accuracy, but also making the meaning of the sentence explicit
for both translators and patients [16,17]. These core sentences
were designed very carefully with doctors and tranglators, so
that they are as accessible and explicit as possible in order to
avoid communication problems. In addition to using core
sentences for the verification of translations, users can also
access them directly by browsing and searching via keywords.
The associated translations can then be submitted without the
need for further checking, similar to other phraselators [16].

Figure 1. Screenshot of the BabelDr app.

babelDr =

Domaine

O

avez-vous de la [jévre ?

2]

Vouliez-vous dire ... ?

epuis combien de jours av
de la fievre

us pris votre température ?

prenez-vous de la morphine ou un dérivé ?

'ordinateur va traduire mes questions
veuillez répondre par oui ou par non, en hochant la téte ou avec des gestes
pour faire oui, hochez la téte de haut en bas, comme ceci
pour faire non, faites comme cec

es données restent confidentielles et protégées

a tout moment vous pouvez demander d'arréter la consultation et demander le
recours a un interpréte

je pourrai fa pel & un interpréte si je le juge nécessaire
comprenez-vous ce que je dis ?
Avar vamiar Alarecned D
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Figure 1illustratesthe Babel Dr interface and how an interaction
is carried out. The doctor first selects the diagnostic domain
based on the main patient complaint (headache, abdominal pain,
dermatological problem, etc) and the language and gender of
the patient (male or female). He/she can then speak a sentence
(“speechinteraction”). If the echoed core sentence corresponds
to what the doctor wantsto ask, he/she can click onit to produce
the trandation for the patient. In addition to speech input,
doctors can search the list of core sentences using keywords
(only with exact matching, as in traditional phraselators) and
click on sentences to trandate them for the patient (“text
trandlated”).

After trandating a sentence to the patient (Figure 2), the
trandlation is produced both in text and spoken form. The
coveragelist isautomatically scrolled to the latest core sentence
translated, giving quick access to related questions. The
translated sentence is aso added to a history list that can be
downloaded as a PDF at the end of the dialogue.

[ ]
- Feedback

Historique ]
|'ordinateur va traduire mes questions

je vais vous poser des questions avec cet appare
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Figure 2. Example of theinterface after the doctor translated “Avez-vous de lafievre?’ (Do you have fever?).

babelDr _

Domaine

avez-vous de la fievre ?

fouliez-vous dire
depuis combien de jours avez-vous de la figvre ?
avez-vous de la fievre depuis un jour ?
avez-vous pris votre température ?
prenez-vous de la morphine ou un dérivé ?

Questions possibles

avez-vous de la fievre ? -
avez-vous eu de la fiévre der nt ?
a fievre est-elle soulagée par dicaments ?

avez-vous des frissons ?
avez-vous des tremblements ?

avez-vous des tremblements au repos ?
avez-vous eu des tremblements dans le passé ?
s plus que d'habitude ?

suez-vous plus que d'habitude la nuit ?

]

Methods

I dentifying the Research Questions

Thisstudy aims (1) to determine whether arestricted trandation
tool like Babel Dr can be used by doctorsto perform adiagnostic
interview and reach a correct diagnosis and (2) to quantify how
doctorsusetext versus speech interactionsin order to investigate
if speech adds valueto fixed-phrase tranglators. Our hypotheses
were that this type of tool would demonstrate good functional
suitability (doctors can collect al the information necessary to
reach adiagnosisin an efficient way) and usability (doctorswill
use more speech to interact than text, as speaking should allow
them to communicate more naturally, like when working with
interpreters).

Design

The study was conducted at the HUG research laboratory in
December 2017. In this crossover trial, 12 French-speaking
doctorswere asked to use Babel Dr to diagnose two standardized
Arabic-speaking patients (one male and one female) whose
main complaint was lower back pain. The male patient was
standardized for nephritic colic and the female patient, for
cystitis. These two diagnoses are among the 10 most frequent
at HUG (Geneva University Hospitals, personal communication,
2018). Each of the 12 doctors carried out adiagnostic interview
with both patients, where half of the doctors began with the
male patient and the other half began with the female patient.

Before the diagnostic interviews, doctors were informed about
the main patient complaint (pain in the lower back). At the
beginning of the session, they received a short introduction to
Babel Dr and tested afew interactions. It was strongly suggested
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that they use complete sentences and ask yes/no questions, so
that the patients could answer nonverbally.

Tool and Interface

Doctors only had access to the BabelDr tool. The diagnostic
domain was set to “lower back pain” to match the patient
complaint. In the context of this study, the other domains were
not made available in order to simplify system usage. It was
ascertained beforehand that al available questions potentially
relevant to the patient complaint were included in this domain.
The language pair was French to Arabic; the male or female
patient was chosen depending on the case.

Data Collection and Analysis

Diagnoses

During the sessions, the doctors wrote down the information
they were able to collect based on the patient’s responses. At
the end of each session, the doctorswrote down their diagnoses.
These data allowed us to answer the first question on whether
the system enables doctors to reach a correct diagnosis.

System Usage

All interactions with the system were logged. For each session,
we collected audio recordings of each spoken interaction with
the system aswell as the corresponding recognition results. We
also logged which recognition results or text examples the
doctors chose to trandlate for the patients. Finaly, the duration
of each session was measured. These data were analyzed to
provide a quantitative answer to our second research question,
namely, whether speech interaction isuseful in thistype of tool.
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User Satisfaction

At the end of each session, participants completed a satisfaction
guestionnairethat included atotal of 23 questions. The questions
were derived from the System Usability Scale questionnaire by
Brooke [18] and adapted to the functionalities of BabelDr,
especialy the speech and core sentence mapping aspects.
Questions covered usability and learnability aspects of the
Babel Dr system during the study (7 items), appropriateness of
the system to confidently reach adiagnosis (6 items), the speech
component of the system (3 items), and the user’s opinion
regarding the usefulness of such asystemintheir daily medical
practice (7 items). A 5-point Likert scale (“strongly disagree,”
“disagree,” “neutral,” “agree,” and “strongly agree”) was used
to rate agreement with question items. These data contribute to
aqualitative answer to our second research question.

Participants

Doctors

Study participantswere 12 French-speaking doctors: 6 from the
emergency serviceat HUG and 6 general practitionerswho also
regularly work in this service. All work in French, but three
were not native speakers (#6, #11, #12). Only one doctor (#6)
had previously used a former version of BabelDr in another
study [5].

Standardized Patients

Of the two Arabic standardized patients, one was a man from
Syria and one was a woman from Jordan. Both were refugees
and recruited from among master's degree students at the
Faculty of Translation and Interpreting. They had a high level
of literacy, but no specific medical knowledge. Neither of the

Table 1. Diagnoses made by the 12 doctors.

Spechbach et al

patients spoke French. One week before the experiment, both
patients received an a priori list of symptoms for the condition
they were to present, expressed in layman’s terms. They were
instructed to provide a negative or noncommittal answer to
guestions relating to other symptoms during the diagnostic
interview.

All participants received remuneration for their participationin
the study.

Ethical Consider ations

Theinstitutional ethics committee approved the study protocol
(Reg-2017-00996). Participation in the study was voluntary,
with written agreement obtained from all doctors and patients.
All data were anonymous and stored on a secure University of
Geneva server.

Results

Diagnoses

Doctorswere ableto reach acorrect diagnosisin all 24 sessions
based on the information collected using Babel Dr. For the renal
colic scenario, four doctors proposed multiple related diagnoses
(Table 1). These results showed that Babel Dr was suitable for
the task and allowed doctors to collect information reliably.

Textbox 1 gives examples of the most frequently asked questions
for each scenario. In total, more questions were trandlated for
the rena colic scenario than for the cystitis one (170 vs 126
unique interactions, respectively), probably reflecting the fact
that the first scenario was more complex dueto alarger number
of possible related diagnoses and thus required more different
guestions.

Doctor no. Female patient (with cystitis) Male patient (with rena colic)
Diagnosis Other diagnoses Diagnosis Other diagnoses
1 Cystitis No Renal colic Pyelonephritis
2 Cystitis No Renal colic No
3 Cystitis No Renal colic No
4 Cystitis No Renal colic No
5 Cystitis No Renal colic No
6 Cystitis No Renal colic Lumbosciatica
7 Cystitis No Renal colic No
8 Cystitis No Renal colic No
9 Cystitis No Renal colic Pyelonephritis, lumbosciatica
10 Cystitis No Renal colic No
11 Cystitis No Renal colic No
12 Cystitis No Renal colic Pyelonephritis, lumbosciatica, appendicitis
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Textbox 1. Most frequently translated core sentences for each scenario, sorted by frequency.

Female patient with cystitis:

«  Pouvez-vous me montrer avec le doigt ou est la douleur? [Could you point with your finger to where it hurts?]

«  Avez-vous déja eu ce type de douleur? [Have you already had this type of pain?]

«  Bonjour [Hello]

« Jesuisledocteur [I'm the doctor]

«  Quand vous urinez, est-ce que ¢a brile? [Do you feel aburning sensation when you urinate?]

«  Avez-vous eu de la fiévre derniérement? [Have you had fever recently?]

« Jevaism'occuper de vous aujourdhui [I will take care of you today]

«  Avez-vous mal au niveau desreins? [Do you have pain in the kidney area?|

« Jevaisvous poser des questions avec cet appareil [| will use this machine to ask you some questions]

«  \osurines sont-elles rouges? [Is your urine red?]

«  Etes-vous d'accord? [Do you agree?]

« Il yacombien de semaines que vous avez eu vos dernieres régles? [How many weeks ago did you have your last period?]
«  Avez-vous été traité par antibiotique pour I'infection urinaire? [Have you had antibiotic treatment for a urinary tract infection?]
«  Avez-vous eu une infection urinaire derniérement? [Have you recently had a urinary tract infection?]

«  Avez-vous des allergies connues? [Do you have any known allergies?]

Male patient with renal colic:

«  Bonjour [Hello]

« Jesuisledocteur [I'm the doctor]

«  \Mosurines sont-elles rouges [Is your urine red?]

«  Avez-vous déja eu ce type de douleur [Have you had thiskind of pain before?]

«  Pouvez-vous me montrer avec le doigt ou est la douleur [Could you point with your finger to where it hurts?]
«  Avez-vous eu de la fiévre derniérement [Have you had fever recently?]

«  Avez-vous mal au niveau desreins[Do you have pain in the kidney area?]

« Ladouleur aux reinsirradie-t-elle vers un autre endroit [Does the pain in the kidney area spread to any other place?]
«  Quand vous urinez, est-ce que ¢a brile [Do you feel aburning sensation when you urinate?]

« Jevaisvous poser des questions avec cet appareil [| will use this machine to ask you some questions]

« Ladouleur aux reins est-elle continue [Is the pain in the kidney area continuous?|

. Etesvous d'accord [Do you agree?]

« Jevaism'occuper de vous aujourdhui [I will take care of you today]

«  Depuis combien de jours avez-vous mal aux reins [For how many days have you had pain in the kidney area?|

« Avez-vousdelafievre[Do you have fever?|

the cydtitis scenario (13 min for 19 interactions), confirming

Analysis of Interactions the fact that the renal colic scenario was more complex.

For each doctor, we measured thetime to complete the dialogue,

the number of speech interactions, the number of speech Table 2 shows that doctors trandlated both speech and text, but

interactions resulting in a translation for the patient, and the USed more speech interactions, suggesting that speech was
number of text items directly translated from the list of 9eneraly preferred to text. The median number of speech
sentences. Table 2 shows that both the median time and the 1Nteractions per dialogue that led to translations was 28.5 for
median number of translated speech interactions were higher the cystitis scenario and 36 for therenal colic scenario, whereas

for the renal colic scenario (16 min for 26 interactions) thanfor 1€ ;nctedlgn numbers for text interactions were 4.5 and 10,
respectively.
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Table 2. Time and number of interactions for both scenarios.

Spechbach et a

Variable

Female patient with cystitis, median (range)

Male patient with renal colic, median (range)

Time to diagnosis (min:seconds) 13:37 (4:09-35:37)

Speech interactions (n) 28.5 (17-46)
Speech trandated (n) 19.5(8-23)
Text trandated (n) 4.5 (0-36)

16:37 (4:35-23:35)
36 (20-66)

26.5 (13-51)

10 (0-23)

Figures 3 and 4 present theinteractions by participant and show
that some used the text mode more often than others and that
the number of speech sentences sent to trandation differed from
one participant to another. For different doctors, the proportions
of recognition results leading to trandations varied from 40%
(8/20) to 94% (16/17) for the cystitis scenario and 37% (13/35)
to 100% (20/20) for the renal colic scenario.

The association between the percentage of trandated speech
and the number of trandated texts was investigated using a
linear regression model. Since each medical practitioner assessed
two patients, datawere clustered. Therefore, aregression model
with mixed effects was used: A random effect was set on the
intercept to account for between-practitioner variability. In
addition, a multivariable analysis was conducted to adjust for
the session and the scenario.

Figure 3. Interactions by participant for the scenario with the female patient.
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Figure4. Interactions by participant for the scenario with the male patient.
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The percentage of translated speech was negatively associated
with the number of trandated texts (P=.02): When the
percentage of translated speech increased by 10%, the number
of translated texts decreased by 2.6 (95% CI 0.7-4.4). After
adjustment for the session and scenario, the decrease in the
number of trandated texts was similar (2.4; 95% CI 0.7-4.2;
P=.02). Thisassociationisillustrated in Figure 5A. Theseresults
show that userswho are not well recognized tend to use the text
interface more often, thereby confirming the usefulness of
including both modalities in such atool.

The percentage of translated speech was higher in the second
session than in the first session (difference=4.3%; 95% CI
1.1-7.4; P=.03). One possible interpretation may be that users
familiarized themselves with system coveragein thefirst session

Spechbach et al

and therefore used more coverage utterances in the second
session, leading to better recognition of results and thus more
trandlations.

Analyses by scenario showed that the proportion of trandated
speech was lower in the renal colic scenario than in the cystitis
scenario (difference=4.3%; 95% CI —7.6 to —1.1; P=.03). This
may be dueto different factors such as concepts not covered by
the system at the time of the study or errors in speech
recognition or mapping to the core sentences (eg, cases where
a sentence is badly recognized and therefore mapped to a
different sentence). In some cases, the core sentence could aso
be too general or specific or considered inappropriate in the
context. Table 3 presents some examples of these cases.

Figure5. Association between the percentage of translated speech and the number of translated texts (A) and between French native speakers and the
percentage of translated speech (B), system confidence score (C), and speech interaction (D). Circles represent each individua doctor's data; the black
line represents the unadjusted regression line and black squares represent the mean values.
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Table 3. Examples of transcriptions and mapped core sentences.

Spechbach et al

Speech utterances

Core sentences

Sent to trandation

Est-ce que vous avez fait du sport (Did you practice any sports?)

Est-ce qu'il y a du sang dans |es urines (Is there any blood in your
urine?)

Est-ce que vous avez beaucoup transpiré (Did you sweat alot?)
Est-ce que ¢’ est aujourd’ hui (Isit today?)

Est-ce que vous avez des pertes vaginales particulieres (Have you
observed any particular vaginal discharges?)

Not sent for trandation by at least one doctor
Avez-vous bu (Have you had anything to drink?)
Est-ce que vous pourriez étre enceinte (Could you be pregnant?)
Avez-vous du prurit (Do you have pruritus?)

La douleur est-elle constante (Is the pain constant?)

Faites-vous de I’ exercice physique (Do you exercise?)

Les urines sont-elles rouges (Is your urine red?)

Suez-vous plus que d’ habitude (Do you sweat more than usual ?)
Avez-vous mal depuis aujourd’ hui (Do you have the pain since today?)

Avez-vous des pertes blanches en dehors des régles (Have you observed
any white discharges outside normal menstruation?)

Avez-vous bu de I’ alcool (Have you consumed any alcohol ?)
Etes-vous enceinte (Are you pregnant?)
Avez-vous des démangeaisons (Do you have itchiness?)

La douleur est-elle continue (Is the pain continuous?)

Associations between French native speakers and the percentage
of translated speech, system confidence, and speech interaction
were also investigated using a linear regression model with
fixed effects. No association was found between French native
speakers and the percentage of trandated speech (P=.16), system
confidence (P=.16), and speech interaction (P=.86). Figure
5B-D illustrates these numbers. These results suggest that system
performance is not significantly impaired by different accents.

User Satisfaction

Figures 6 and 7 show the results for seven questions related to
the usefulness of the system for the diagnostic task and speech
recognition included in the satisfaction questionnaires completed
by the doctors after each dialogue (24 completed questionnaires).
Overal, the doctors were satisfied with the speech interaction
function and the usefulness of the system in thetest context (19

http://medinform.jmir.org/2019/2/€13167/

negative, 54 neutral, and 116 positive judgments). All doctors
considered that the system hel ped them reach aconclusion (Q3).
They aso liked the way the recognition result was presented
(only one participant disagreed), which showed that they found
the trandlation to the core sentence useful. All doctors thought
that the system recognized their voice easily (Q4), and most
believed that the system helped them to pose the question in a
different way when the question could not be recognized (Q6:
only 3 “disagree”). The most frequent criticism was that some
doctors felt constrained by the tool (n=9/24) and were unable
to ask all the questions they wanted to (5/24). In this respect,
we observed differences between the two scenarios, suggesting
that this issue is related to the system coverage or mapping of
sentences to core sentences. Finally, all doctors believed that
they could integrate such a system in their daily practice (Q7:
no “disagree’ or “strongly disagree”).
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Figure 6. Results of the satisfaction questionnaire completed after the dialogue with the femal e patient. The numbersin circles represent the number
of doctors.

Q1. | could pose my questions through the system . .
without feeling too constrained.
Q2. | could pose enough guestions to be sure about . . .
my decision.
Q3. The system helped me to reach a conclusion. . . .

Q4. The system recognized my voice easily. . . .
Q5. | liked the way the recognition result was presented. . . .

Q6. When | could not be recognized, the system helped . .
me to pose the guestion in a different way.

Q7. 1 could easily intagrate a system 2 5 5
like this in my daily medical practice

W
g

Figure 7. Results of the satisfaction questionnaire completed after the dial ogue with the male patient. The numbersin circles represent the number of
doctors.

Q1. I could pose my guestions through the system
without feeling too constrained.

Q2. | could pose enough guestions te be sure about
my decision.

Q3. The system helped me to reach a conclusion.
Q4. The system recognized my voice easily.

Q5. | liked the way the recognition result was presentad.

ag. When | could not be recognized, the system helped
me to pose the question in a different way.

Q7. | could easily integrate a system 5 2 5
like this in my daily medical practice.
& & = 4
S.ﬁ' E_:}‘;eﬁ’ & & i
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: : collected using Babel Dr. However, although they believed that
Discussion the system helped them to reach a conclusion, some felt
Principal Results constrained by thetool, asthey could not ask enough questions

o ) ) ) to reach a diagnosis. Speech was the preferred modality, even
All participants were able to posetheir questionsto thepatients i+ 4| doctors translated items from the text ligt, thus showing

and reach the correct diagnosis based on the information 4 oth modalities are useful. The use of text was statistically
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influenced by the percentage of successful speech interactions
and by the session (first use vs second use). Therefore, speech
seems to help in using the system, as participants can express
themselves freely and see the most related core sentences.

Comparison With Previous Research

Other studies have analyzed user satisfaction (of both patients
and medical staff) [19,20] or the quality of trandation with
tranglation systems [4]. However, to our knowledge, this study
isthe first to measure the impact of the medium on diagnosis.
This study confirmed the results of two previous eval uations of
BabelDr. A comparison with atraditional fixed-phrase trandator
(Medibabble) in artificial settings (doctors had to find answers
to specific questions) [21] showed that speech improves both
usability (reduces time and number of clicks required to ask a
guestion) and satisfaction. Another study [5,22] compared an
earlier version of BabelDr with Google Translate at the level
of diagnosis, satisfaction, and trandlation quality in a setting
similar to this study. The main result wasthat Babel Dr produced
abetter trandlation quality, improved precision (oddsratio: 0.04,
95% CI 0.02-0.12; P<.001 in favor of BabelDr) and fluidity
(oddsratio: 0.04, 95% CI 0.02-0.10; P<.001 infavor of BabelDr)
and led to more correct diagnoses than Google Trand ate.

Limitations

A preliminary version of the tool was used in the study. The
system coverage, that is, the questions available to the doctors,
is being continually improved based on the collected data. It is
possible that the perception of constraint reported by the users
was at least partially caused by insufficient coverage for the
scenarios selected for this study, rather than by the system itself.

For the cystitis scenario, doctors would have benefited to have
been ableto change to another domain (abdominal pain), which
was not accessible for this study. In addition, the doctors were
informed beforehand of the patient’s chief complaint. This
matches the usual practice at HUG where this information is
collected from patients during admission, but another study
without prior information would ascertain whether the
subdivision into domains, asdonein Babel Dr, meetsthe doctor’s
reguirements.

The two standardized patients had a higher education level and
no difficulty understanding the Arabic translations provided by
the system. In the case of less literate patients,
misunderstandings might cause incorrect patient responses and
thus lead to incorrect diagnoses. Although the BabelDr
trangdlations are aimed at simplicity, a study of the trandation
quality and accessibility is currently in progress to ascertain
whether the trandlations are suited to patients of different ages,
education levels, and cultural and geographic origins.

Due to the rehearsed nature of the patient narratives, based on
the given lists of symptoms rather than the potentially vague or
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contradicting observations by a real patient, it can be argued
that the system performance in terms of diagnostic success
would be lower with real patients. However, we suspect that
the system’s restriction to yes/no questions might actually
improve clarity by enforcing precise questions and unambiguous
patient responses.

During this experiment, we observed very few user errors, such
as doctors forgetting to shut off the microphone or using
guestionsthat could not be answered nonverbally. Anecdotally,
we have observed more such errors in real-use cases with real
patients. However, it is possible that in the artificial setting of
this study, doctors were more attentive to the system than when
using it with areal patient, where the focus would be more on
the patient, and thus, the proportion of successful interactions
might be lower.

The number of dialogues per doctor (n=2) in this study was
insufficient to measure aquantifiablelearning effect, but a study
iscurrently in progress at HUG, where BabelDr isused in real
settings and the collected data will allow us to study its
learnability.

Future Research

Our results show that speech and text interaction are
complementary in atool such as Babel Dr. Future developments
of the system include an improved text-search module providing
more flexibility than the current keyword search.

Development of abidirectional version of the systemisongoing.
In this new version, patients will have an interface where they
are presented with a range of responses (eg, numeric values,
colors, and pictograms). This will alow us to extend the
guestions available to the doctors by including open questions
and will possibly reduce doctors' feelings of being constrained
by the system.

Conclusions

This study showed that a phraselator can be an alternative to
machine trandation and traditional fixed-phrase translators to
reliably collect information from the patient in situationswhere
no interpreter isavailable. Although doctorsfelt constrained by
the system, they were ableto confidently reach adiagnosis, and
all believed they could use this type of system in everyday
medical practice. The relevance of task-based evaluation to
assess the usefulness and usability of trandation tools for the
diagnosis task was aso demonstrated and confirms the
importance of reliability in this type of oral context. Doctors
clearly appreciated the way in which speech recognition results
were presented in the form of aback trandation to French, which
provided the exact meaning of the translation produced for the
patient. Future studies with BabelDr have to confirm these
conclusions in real-life settings and investigate the proportion
of casesthat can be reliably diagnosed with such atool.

The study was funded by the Fondation privée des Hopitaux Universitaires de Genéve. We thank Nuance Communication, Inc,
for making their software available free of charge for research purposes. We also thank Jessica Rochat, Rosemary Sudan, and

Emmanuel Rayner for their contributions to this study.

http://medinform.jmir.org/2019/2/€13167/

JMIR Med Inform 2019 | vol. 7 | iss. 2| €13167 | p. 11
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Spechbach et &

Conflictsof Interest
None declared.

References

1.

2.

10.

11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Flores G, Laws MB, Mayo SJ, Zuckerman B, Abreu M, MedinaL, et a. Errorsin medical interpretation and their potential
clinical consegquences in pediatric encounters. Pediatrics 2003 Jan;111(1):6-14. [Medline: 12509547]

Rechel B, Mladovsky P, Devillé W, Rijks B, Petrova-Benedict R, McKee M. Migration And Health In The European Union
(european Observatory On Health Systems And Policies). Maidenhead, Berkshire, England: Open University Press; 2019.
Wu AC, Leventha JM, Ortiz J, Gonzalez EE, Forsyth B. Theinterpreter as cultural educator of residents: improving
communication for Latino parents. Arch Pediatr Adolesc Med 2006 Nov;160(11):1145-1150. [doi:
10.1001/archpedi.160.11.1145] [Medline: 17088518]

Petil S, DaviesP. Use of Google Trandatein medical communication: eval uation of accuracy. BMJ2014 Dec 15;349:¢g7392
[EREE Full text] [doi: 10.1136/bmj.g7392] [Medline: 25512386]

Bouillon P, Gerlach J, Spechbach H, TsourakisN, Halimi S. Babel Dr vs Google Trandlate: auser study at GenevaUniversity
Hospitals (HUG). In: Proceedings of the 20th Annual Conference of the European Association for Machine Trandation.
2017 Presented at: 20th Annual Conference of the European Association for Machine Trandation; 29-31 May 2017; Prague,
Czech Republic p. 747-752.

Dew K, Turner A, Choi Y, Bosold A, Kirchhoff K. Development of machine trandlation technology for assisting health
communication: A systematic review. JBiomed Inform 2018 Sep;85:56-67. [doi: 10.1016/j.jbi.2018.07.018] [Medline:
30031857]

Babel Dr: Spoken Language Translation of Dialoguesin the Medical Domain. URL: https://babeldr.unige.ch/ [accessed
2019-04-23] [WebCite Cache |D 74jFPa3QF]

Bouillon P, Flores G, Starlander M, Chatzihrisafis N, Santaholma M, Tsourakis N, et al. A bidirectional grammar-based
medical speech trandlator. In: Proceedings of the Workshop on Grammar-Based A pproachesto Spoken Language Processing.
2007 Presented at: ACL 2007; June 2007; Prague, Czech Republic p. 41-48.

Wikipedia. Phraselator URL: https://en.wikipedia.org/wiki/Phrasel ator [accessed 2019-04-23] [WebCite Cache | D 76RzhshCe]
Ehsani F, Kimzey J, Zuber E, Master D, Sudre K. Speech to speech trandation for nurse patient interaction. In: Proceedings
of the workshop on Speech Processing for Safety Critical Trandation and Pervasive Applications. 2008 Presented at: 22nd
International Conference on Computational Linguistics (Coling 2008); August 2008; Manchester, UK p. 54-59.
Medibabble. URL: http://medibabble.com/ [accessed 2019-04-23] [WebCite Cache ID 74jFaAVTG]

Universal Doctor. URL: http://www.universaldoctor.com/ [accessed 2019-04-23] [WebCite Cache ID 74jFhoKAS]
Rayner M, Armando A, Bouillon P, Ebling S, Gerlach J, Halimi S, et al. Helping domain experts build phrasal speech
tranglation systems. In: Quesada JF, Martin Mateos FJ, Lopez-Soto T, editors. Future and Emergent Trends in Language
Technology. First International Workshop, FETLT 2015, Seville, Spain, November 19-20, 2015, Revised Selected Papers.
Cham, Switzerland: Springer International Publishing; 2016.

Gerlach J, Spechbach H, Bouillon P. Creating an onlinetrand ation platform to build target language resources for amedical
phraselator. In: Proceedings of the 40th Edition of the Trandlating the Computer Conference. 2018 Presented at: 40th Edition
of the Translatingthe Computer Conference (TC 40); November 2018; London, UK p. 60-65.

Rayner M, Tsourakis N, Gerlach J. Lightweight spoken utterance classification with CFG, tf-idf and dynamic programming.
In: Statistical Language and Speech Processing. Cham, Switzerland: Springer International Publishing; 2017:143-154.
Seligman M, Dillinger M. Automatic speech trandlation for healthcare: some internet and interface aspects. In: Proceedings
of the 10th International Conference on Terminology and Artificial Intelligence (TIA-13). 2013 Presented at: 10th International
Conference on Terminology and Artificia Intelligence (T1A-13); October 28-30; Paris, France.

GaoY, GuL, ZhouB, SarikayaR, Afify M, Kuo K, etal. IBM MASTOR SY STEM: Multilingual automatic speech-to-speech
tranglator. In: Proceedings of the First International Workshop on Medical Speech Translation. 2006 Presented at:
NAACL/HLT; June 4-9; New York, NY, USA.

Brooke J. SUS: aquickdirty usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland AL, editors. Usability
evaluation in industry. London: Taylor and Francis; 1996:189-194.

Albrecht U, Behrends M, Schmeer R, Matthies H, von Jan U. Usage of multilingual mobile trandlation applicationsin
clinical settings. IMIR Mhealth Uhealth 2013 Apr 23;1(1):e4 [FREE Full text] [doi: 10.2196/mhealth.2268] [Medline:
25100677]

Taicher B, Alam R, Berman J, Epstein R. Design, implementation, and eval uation of acomputerized system to communicate
with patients with limited native language proficiency in the perioperative period. Anesth Analg 2011 Jan;112(1):106-112.
[doi: 10.1213/ANE.0b013e3182009cd1] [Medline: 21081767]

BoujonV, Bouillon B, Spechbach H, Gerlach J, Strasly |. Can speech-enabl ed phrasel atorsimprove healthcare accessibility?
A case study comparing Babel Dr with MediBabble for anamnesis in emergency settings. In: Proceedings of the 1st Swiss
Conference on Barrier-free Communication. 2017 Presented at: 1st Swiss Conference on Barrier-free Communication;
September 2017; Winterthur, Switzerland p. 32-38. [doi: 10.21256/zhaw-3000]

http://medinform.jmir.org/2019/2/€13167/ JMIR Med Inform 2019 | vol. 7 |iss. 2| €13167 | p. 12

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12509547&dopt=Abstract
http://dx.doi.org/10.1001/archpedi.160.11.1145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17088518&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=25512386
http://dx.doi.org/10.1136/bmj.g7392
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25512386&dopt=Abstract
http://dx.doi.org/10.1016/j.jbi.2018.07.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30031857&dopt=Abstract
https://babeldr.unige.ch/
http://www.webcitation.org/

                                            74jFPa3QF
https://en.wikipedia.org/wiki/Phraselator
http://www.webcitation.org/

                                            76RzhshCe
http://medibabble.com/
http://www.webcitation.org/

                                            74jFaAVTG
http://www.universaldoctor.com/
http://www.webcitation.org/

                                            74jFhoKAS
http://mhealth.jmir.org/2013/1/e4/
http://dx.doi.org/10.2196/mhealth.2268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25100677&dopt=Abstract
http://dx.doi.org/10.1213/ANE.0b013e3182009cd1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21081767&dopt=Abstract
http://dx.doi.org/10.21256/zhaw-3000
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL INFORMATICS Spechbach et &

22. Spechbach H, Halimi S, Gerlach J, Tsourakis N, Bouillon P. Comparison of the quality of two speech trand atorsin emergency
settings: A case study with standardized Arabic speaking patientswith abdominal pain. In: Proceedings of the 11th European

Congress of Emergency Medicine. 2017 Presented at: 11th European Congress of Emergency Medicine; September; Athens,
Greece.

Abbreviations
HUG: Geneva University Hospitals

Edited by C Lovis; submitted 17.12.18; peer-reviewed by M Seligman, P Boisrond, K Day, A Cox, J Liang; comments to author
12.01.19; revised version received 29.03.19; accepted 15.04.19; published 07.05.19

Please cite as:

Soechbach H, Gerlach J, Mazouri Karker S Tsourakis N, Combescure C, Bouillon P
A Speech-Enabled Fixed-Phrase Translator for Emergency Settings: Crossover Sudy
JMIR Med Inform 2019;7(2):€13167

URL: http://medinform.jmir.org/2019/2/€13167/

doi: 10.2196/13167

PMID: 31066702

©Hervé Spechbach, Johanna Gerlach, Sanae Mazouri Karker, Nikos Tsourakis, Christophe Combescure, Pierrette Bouillon.
Originally published in IMIR Medical Informatics (http://medinform.jmir.org), 07.05.2019. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in IMIR
Medical Informatics, is properly cited. The complete bibliographic information, a link to the original publication on
http://medinform.jmir.org/, as well as this copyright and license information must be included.

http://medinform.jmir.org/2019/2/€13167/ JMIR Med Inform 2019 | val. 7 | iss. 2| e13167 | p. 13
(page number not for citation purposes)

RenderX


http://medinform.jmir.org/2019/2/e13167/
http://dx.doi.org/10.2196/13167
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31066702&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

