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ABSTRACT
Objective To assess the ability of Google 
Translate (GT) to accurately interpret single 
sentences and series of sentences commonly 
used in healthcare encounters from English to 
Spanish.
Design English- speaking volunteers used GT to 
interpret a list of 83 commonly used sentences 
and series of sentences of different lengths 
containing both medical and non- medical 
terminology. A certified medical interpreter 
evaluated whether the meaning of these 
sentences was preserved.
Participants Eighteen English- speaking subjects 
(nine males and nine females), with a mean age 
of 36 years, volunteered for this study to read 
sentences.
Main outcome measures The accuracy of GTs 
(1) real- time voice recognition (ie, transcription) 
of English sentences, (2) real- time translation of 
these transcribed English sentences to Spanish, 
and (3) GTs speech synthesis ability to preserve 
the meaning of spoken English sentences after 
translation to Spanish.
Results Speech synthesis accuracy, with 
preservation of the original English- spoken 
sentence(s), was 89.4% for single sentences 
with ≤8 words; 90.6% for single sentences 
with >8 words; 52.2% for two sentences and 
26.6% for three sentences. Furthermore, the 
number of transcription and translation errors 
per sentence(s) significantly increased with the 
number of sentences (p<0.05).
Conclusions Despite the fact that GTs accuracy 
was widely variable and dependent on the 
length of the spoken sentence(s), GT is readily 
accessible, has no associated monetary costs, 
and offers nearly immediate interpretation 
services. As such, it has the potential to routinely 

facilitate effective one- way oral communication 
between English- speaking physicians and 
Spanish- speaking patients with limited English 
proficiency.

INTRODUCTION
Census data from 2013 revealed that 
~21% of the US patient population (61.6 
million individuals) spoke a language 
other than English at home, with 41% 
of these patients (~8.5% of the total US 

Summary box

What are the new findings?
 ► This is the first study to evaluate Google 
Translate’s ability to interpret medical 
phrases from English to Spanish.

 ► Google Translate’s ability to accurately 
interpret medically related sentences 
from English to Spanish depends on the 
length of the sentence(s) spoken into the 
application, ranging from 90% for single 
sentences to 27% for three sentences.

 ► Google Translate’s interpretation accuracy 
significantly decreases with the use of one 
or more medical terms.

How might it impact on healthcare in the 
future?

 ► In under- resourced settings or settings 
where in- person interpreters are 
unavailable, our study suggests that 
Google Translate has appropriate 
interpretation rates to allow for 
effective one way, English to Spanish 
communication with limited English 
proficiency patients when using single 
sentences.
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population) having limited English proficiency (LEP).1 
In California, 58%–66% of Asian- Americans and 40% 
of Hispanics have LEP, necessitating certified medical 
interpreters (CMI) or remote interpreters (ie, both 
phone and video interpreters) to mediate language 
discordance between patients and healthcare profes-
sionals.2 3 Constraints to CMIs and remote interpreters 
include the associated healthcare costs and low avail-
ability compared with demand. Although in- person 
interpretation remains the gold standard, recent tech-
nological advancements in online translation services 
and near real- time translation and interpretation tech-
nologies warrant a thorough evaluation of their roles 
in medical communication with LEP patients.

A limited number of reports have evaluated the 
accuracy of online translation (written communica-
tion) and interpretation (oral communication) services 
in medical settings. Kaliyadan and Gopinathan Pillai 
found that patients using only online translation and 
interpretation services were equally satisfied with their 
doctor–patient interaction when compared with those 
who used a CMI.4 In 2014, Patil and Davies assessed 
the ability of Google Translate (GT), a packaged 
combination of online translation services and near 
real- time translation and interpretation, to translate 
ten commonly used medical statements in 26 different 
languages.5 They concluded that online translation 
and interpretation services are useful supplements to 
CMI when these resources are not available. Since the 
publication of these studies, advancements in machine 
learning and the use of neural machine translation 
systems (NMT) have significantly enhanced transla-
tion and interpretation capabilities and error reduction 
in these online services.6 In 2016, GT transitioned to 
using an NMT, which improves translation and inter-
pretation accuracy by making word choices based on 
pattern discovery and context interpretation.7 8 Since 
the algorithm was updated, studies have reported GT 
as an effective tool for both translating text- written 
discharge instructions from English to Spanish and 
Chinese, and text- written portal messages to the physi-
cians of Portuguese- speaking patients.9 10

However, at present, the efficacy of GTs ability to 
transcribe, translate and synthesise speech from English 
spoken sentences into Spanish spoken sentences, has 
not been thoroughly evaluated in a medical setting 
following NMT implementation, as prior studies only 
evaluated written messages. Together the processes 
of transcription, translation and speech synthesis are 
analogous to the human process of interpretation, 
which is the conversion of oral communication from 
one language to another. Translation is the process 
of converting written language from one language to 
another. The potential benefits of online translation 
and interpretation services and near real- time tech-
nology include widespread accessibility, negligible or 
minimal infrastructure costs, and nearly instantaneous 
augmentation of interlinguistic patient–physician 

communication. Based on these potential benefits, 
we evaluated GTs capacity to transcribe, translate 
and synthesise speech from spoken English to spoken 
Spanish in a healthcare setting.

METHODS
Sentences
With institutional review board exemption, 83 
sentences and series of sentences commonly used 
during patient–physician interactions for this study 
were chosen by author consensus (online supple-
mental appendix 1). The 83 sentence(s) were consid-
ered of adequate power, as an a priori power analysis 
performed with a power level of 0.80, effect size of 
0.50 and significance level of 0.05 yielded a minimum 
sample size of 64. Four researchers (JB, HJ, RS, and 
HL) classified each sentence(s) as having no medical 
terms or one or more. After consensus, the four 
researchers defined medical terms as any word used by 
medical professionals to describe anatomy, physiology, 
medical treatments, procedures, diseases and pharma-
cology that are not commonly used or understood by 
patients without a medical background. We did not 
classify known parts of the human body, like ears, 
as medical terms. We classified sentences as having 
(1) one sentence and eight words or fewer, (2) one 
sentence and more than eight words, (3) series of two 
sentences and (4) series of three sentences.

Experimental design
The experiment occurred from June to July 2018. 
We standardised testing conditions for all partici-
pants. We downloaded the GT application from the 
App Store onto an iPad running iOS 12.1.1 to elim-
inate variation in device hardware and carrier recep-
tion. High- throughput Wi- Fi was used during the 
experiments to ensure no transcription or translation 
delay. Data were collected in a quiet room, and iPads 
were secured to prevent movement. Participants were 
instructed to sit two feet away from the iPad. Before 
the trial, participants were given a printed copy of the 
sentences to review to mitigate unintentional reading 
mistakes or improper enunciation of words (online 
supplemental appendix 1). A researcher supervised 
the subjects during the trial. Participants were asked 
to speak with normal cadence. GT provided text tran-
scription for each spoken sentence(s) (online supple-
mental appendix 2), the translation of the transcribed 
English sentences into Spanish in text form (online 
supplemental appendix 2), and the translated Spanish 
text into speech form, denoted as ‘speech synthesis,’ 
which is the artificial production of human speech. 
The entire trial was screen recorded with the micro-
phone enabled. This process was repeated for all 83 
sentence(s).

We separated the collected data in the following 
components: (1) voice and text recognition (transcrip-
tion step) of each initial English sentence(s); (2) Spanish 
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translation of each transcribed sentence(s) (translation 
step); (3) speech synthesis of each translated Spanish 
text sentence(s) spoken through GT (speech synthesis 
step). See online supplemental appendix 2 for design 
layout. All three steps, when combined, allowed the 
researchers to assess GTs ability to interpret English 
to Spanish.

Transcription, translation and speech synthesis anal-
ysis occurred as follows: for all four sentence types, 
the mean accuracy by sentence type was generated for 
all 18 participants (ie, sentence lengths). For example, 
the transcription accuracy for all single sentences <8 
words (n=44) were averaged for each participant. 
This was done separately for translation and speech 
synthesis steps. We then averaged the mean number 
of errors for each sentence type for all 18 particpants 
together, providing the overall transcription, transla-
tion and speech synthesis accuracy.

Transcription analysis
Analysis was completed in July 2018. The sentence(s) 
in online supplemental appendix 1 were compared 
with each transcribed sentence(s) to assess the accu-
racy of speech to text recognition. Inappropriate 
word insertions, deletions and substitutions were 
counted as errors for both transcription and transla-
tion. For example, if the expression ‘side effects’ was 
deleted, two errors were counted. Examples of tran-
scription errors are in online supplemental appendix 
3. Transcribed sentences in GT do not include punc-
tuation; hence, punctuation was not included in the 
accuracy assessment. Two team members (JB and RS) 
independently annotated the errors. Interobserver 
disagreement was resolved with discussion with HJ. 
For each of the 83 sentences or series of sentences, 
the resulting transcriptions of all participants were 
averaged to provide a total number of errors for each 
sentence and an overall transcription accuracy rate. 
Outcome variables included overall transcription accu-
racy rate (%) for the entire sentence list, transcription 
accuracy between sentences with no medical terms 
or one or more, and transcription accuracies (%) and 
mean number of errors specified for each sentence 
type (ie, single sentence ≤8 words, single sentence 
>8 words, two sentences and three sentences) to 
determine if transcription accuracy differed based on 
sentence length.

Translation analysis
After the first step, we proceeded with the translation 
step. It is important to note that translation is classi-
cally defined as the conversion of written communica-
tion between languages, which is why the researchers 
called this step the translation analysis. As such, English 
sentence(s) were translated to Spanish through GT. 
Subsequently, the same CMI translated these Spanish 
sentences back to English. The back- translation of 
each translated sentence was then compared with the 

original English sentence. The same two researchers 
independently reviewed each translation with a third 
team member present to resolve any discrepancies. 
Sentences were reverse- translated back to English 
based on the methodologies used in existing studies in 
the literature.4 5 Because GT only includes punctuation 
in translated sentences but not in transcribed sentences, 
punctuation mistakes were excluded from the anal-
ysis. Outcome variables included overall translation 
accuracy rate (%) for the entire sentence list, transla-
tion accuracy rate between sentences with no medical 
terms or one or more, and translation accuracies (%) 
and mean number of errors categorised by sentence 
type (ie, single sentence ≤8 words, single sentence >8 
words, two sentences and three sentences) to deter-
mine if translation accuracy differed based on sentence 
length.

Speech synthesis rate analysis
The same CMI assessed GTs ability to preserve the 
meaning of each original sentence(s) through speech 
synthesis, the artificial production of human speech. 
The CMI assessed GTs ability to read the translated 
text in a way that preserved its meaning. The CMI 
listened to the recorded trial and annotated GTs spoken 
sentence(s). This sentence(s) was then converted back 
into English by the same CMI. This back- translation 
was separate from the back- translation used in the 
translation analysis step. Finally, the CMI compared 
each GT speech synthesis output to its initial English 
counterpart from the sentence list. The CMI then 
evaluated the resulting interpretation and evaluated 
meaning preservation of each sentence(s) in each trial 
as a binary ‘yes’ or ‘no’. The CMI determined whether 
or not the meaning of a sentence(s) was preserved based 
on the following criteria: (1) whether GT allowed the 
speaker to finish their intended sentence(s) (interrup-
tion errors); (2) whether GT inflected the sentence 
to correctly convey the intention of the sentence(s) 
(eg, GT inflected a statement if the speaker inflected 
a question, termed inflection errors); (3) whether GT 
correctly detected sentence breaks between consecutive 
sentences (sentence break errors); and (4) whether GT 
successfully audibly spoke the translated sentence(s) 
(failure to synthesise speech). In certain cases, GT 
stopped speaking before completing the entire trans-
lated sentence(s) and this was denoted as failure to 
synthesise speech error.

Statistical analysis
All statistical analyses were performed using PASW 
18.0 (SPSS, Chicago, Illinois, USA). Data were 
normally distributed, so we compared means of two 
continuous variables using independent sample t- tests, 
one- way analysis of variance (ANOVA) (with Tukey’s 
post hoc analysis) to compare means of more than 
two continuous variables, and χ2 tests for categorical 
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variables. A p value of 0.05 or less was considered 
statistically significant.

RESULTS
Demographics
Eighteen individuals (nine males and nine females) 
participated in our testing of GT. Mean age was 36 
years (range, 20–74 years; SD 18). Ethnicities of 18 
participants included Caucasian (n=14), Asian or 
Pacific Islander (n=2) and other (n=2). All partici-
pants spoke English as a first language and American 
English from the western region of the USA. This is 
important given that phonological variations between 
regions can affect GTs speech recognition.11 12

Transcription accuracy
GT was 98.3% accurate across all sentence(s) (range: 
80.24%–100%; SD 2.8), with no significant difference 
between males and females (p=0.52) (table 1). GT 
transcription accuracies for single sentences ≤8 words, 
single sentences>8 words, two sentences and three 
sentences were 99.2%, 98.7%, 96.8% and 94.2%, 
respectively (table 1).

ANOVA found a statistically significant differ-
ence between groups (p<0.001), with a statistically 
significant difference between single sentence ≤8 
words and both two sentences (p<0.001) and three 
sentences (p<0.001) and a statistically significant 
difference between single sentences >8 words and 
three sentences (p<0.001) on post hoc analysis. All 
other comparisons did not meet statistical significance 
(table 2). Table 3 lists the mean number of transcrip-
tion errors per sentence for each sentence length. We 
found a stepwise increase in the mean number of tran-
scription errors with increased number of sentences 
(all p<0.05) (table 4). When comparing sentences 
with no or one or more medical term(s), the presence 
of one or more medical term(s) significantly decreased 
transcription accuracy (p=0.033) (table 5).

Translation accuracy
Overall translation accuracy of GT was 92.2% (range: 
60%–100%; SD 6.7), with no significant difference 
between males and females (p=0.08) (table 1). Trans-
lation accuracy for single sentences ≤8 words, single 

Table 1 Descriptive statistics table of the accuracy of transcription, translation and meaning preservation overall by sentence length

Outcomes Overall rate (%) Error rate among sentences

Transcription accuracy 98.3 (range: 80.24–100)
SD: 2.8

Sentence with ≤8 words: 99.2%
Sentence with >8 words: 98.7%
Two sentences: 96.8%
Three sentences: 94.2%

Translation accuracy 92.2 (range: 60–100)
SD: 10.7

Sentence with ≤8 words: 93.6%
Sentence with >8 words: 97.8%
Two sentences: 81.0%
Three sentences: 83.9%

Interpretation rate after speech synthesis 77.6% (proportion of times speech synthesis preserved 
meaning of translated text)

Sentence with ≤8 words: 89.4%
Sentence with >8 words: 90.6%
Two sentences: 52.2%
Three sentences: 26.6%

Table 2 Tukey’s post hoc transcription analysis and translation analysis

Input sentence Comparative sentence

Transcription analysis Translation analysis

P value

95% CI

P value

95% CI

Lower bound Upper bound Lower bound Upper bound

Sentence ≤8 words Sentence >8 words 0.836 −9.84 0.86 0.404 −10.68 2.70
2 sentences 0.023* 1.54 24.16 0.002* 3.92 21.78
3 sentences <0.001* 4.09 15.92 0.015* 1.45 18.6

Sentence >8 words Sentence ≤8 words 0.836 −0.86 8.84 0.404 −2.70 10.7
2 sentences 0.173 5.84 27.84 <0.001* 6.94 26.7
3 sentences <0.001* 9.40 18.58 0.001* 4.44 23.54

2 sentences Sentence ≤8 words 0.023* −0.86 8.84 0.002* −21.78 −3.92
Sentence >8 words 0.173 5.84 27.84 <0.001* −27.73 −6.95
3 sentences 0.063 9.40 18.58 0.910 −14.09 8.39

3 sentences Sentence ≤8 words 0.000* −24.16 −1.54 0.015* −18.55 −1.45
Sentence >8 words 0.000* −27.84 −5.84 0.001* −23.55 −4.44
2 sentences 0.063 −14.06 8.36 0.910 −8.39 14.09

*P values < 0.05 were considered statistically significant.
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sentences >8 words, two sentences and three sentences 
were 93.9%, 97.8%, 81.0% and 83.9%, respectively 
(table 1). These four different sentence lengths were 
compared through ANOVA and Tukey’s post hoc anal-
ysis. ANOVA demonstrated a significant difference 
between groups (p<0.001). Post hoc Tukey’s anal-
ysis indicated a significant difference between single 
sentences ≤8 words and two sentences (p=0.002) 
and three sentences (p=0.015). The analysis demon-
strated a significant difference between single 
sentences >8 words and two sentences (p<0.001) and 
three sentences (p=0.001). All other between- group 
comparisons were nonsignificant (table 2). Table 3 lists 
the mean number of translation errors per sentence for 
each sentence length. We report a stepwise increase in 
the mean number of translation errors between single 
sentences and two and three sentences (all p<0.05), 
with no significant differences between two and three 
sentences (table 4). However, there was no significant 
decrease in translation accuracy between sentences 
with no or one or more medical term(s) (p=0.293) 
(table 5).

Speech synthesis accuracy
GTs speech synthesis accurately interpreted sentence(s) 
77.6% of the time. GTs speech synthesis accurately 
interpreted single sentences ≤8 words 89.4% of the 
time; single sentences >8 words 90.6% of the time; 
two consecutive sentences 52.2% of the time; and 
three consecutive sentences 26.6% of the time (online 

supplemental appendix 4). χ2 tests found a statisti-
cally significant difference among all four sentences 
of different lengths (p<0.001). When assessing the 
influence of medical terms on speech synthesis accu-
racy, the presence of one or more medical term (mean: 
72.9%) significantly decreased the speech synthesis 
accuracy compared with sentences with no medical 
terms (mean: 81.9%) (p<0.001). The variability 
in error rates categorised by sentence length are in 
table 6. The per cent of speech synthesis error types 
leading to loss of meaning preservation is shown in 
online supplemental appendix 5.

DISCUSSION
This study demonstrates that GT is a useful tool for 
one- way medical interpretation of single sentences, 
and although GT accuracy is limited by sentence 
length, its accessibility, reliability, accuracy and afford-
ability warrant further investigation into its utility to 
facilitate two- way communication for patients with 
LEP. We found that GTs ability to accurately interpret 
medically related sentences from English to Spanish 
depends on the length of the sentence(s) spoken into 
the application. As the number of sentences increased, 
interpretation accuracy decreased in a stepwise manner 
(p<0.001). Similarly, the mean number of transcrip-
tion and translation errors increased stepwise with 
more sentences (p<0.05). We found the most substan-
tial decline in accuracy (between transcription, transla-
tion and speech synthesis) to be between the translation 
and speech synthesis step, with overall accuracy drop-
ping 14.6%, compared with a 6.1% decrease from 
transcription to translation. An improvement in GTs 
ability to accurately synthesise speech from the trans-
lated sentence(s) could increase its accuracy and poten-
tial utility as a form of one- way interpretation from 
English to Spanish in a medical setting.

In 2016, GT transitioned from a phrase- based statis-
tical machine translation and interpretation system to 
an NMT system, showing an unprecendented improve-
ment in BLEU score (bilingual evaluation under-
study).7 8 Prior to the update, a 2014 study evaluated 
GTs accuracy in translating 10 written English medical 
statements into 26 languages, finding that 57.7% of 
the translations were correct.5 A 2013 study tested GTs 
ability to translate German text from a neonatal inten-
sive care unit brochure to English, Portuguese, and 

Table 3 Description of the mean number of transcription and translation errors by sentence length

Mean no of 
transcription errors per 
sentence(s) SD

95% CI

Mean no of translation 
errors per sentence(s) SD

95% CI

Lower 
bound

Upper 
bound

Lower 
bound

Upper 
bound

One sentence (<8 words) 0.047 0.118 0.0389 0.0551 1.59 0.087 1.584 1.596
One sentence (>8 words) 0.173 0.312 0.1398 0.2062 1.37 0.603 1.3059 1.4341
Two sentences 0.698 1.16 0.518 0.878 5.05 2.089 4.7258 5.3742
Three sentences 2.70 3.15 2.2368 3.1632 7.68 2.136 7.3659 7.9941

Table 4 Comparison of the mean number of transcription and 
translation errors between sentence lengths

Comparators

Transcription Translation

P value P value

One sentence 
(<8 words)

One sentence 
(>8 words)

0.130 0.139

One sentence 
(<8 words)

Two sentences 0.028* <0.001*

One sentence 
(<8 words)

Three sentences 0.001* <0.001*

One sentence 
(>8 words)

Two sentences 0.081 <0.001*

One sentence 
(>8 words)

Three sentences 0.002* <0.001*

Two sentences Three sentences 0.019* 0.075
*P values < 0.05 were considered statistically significant.
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Arabic and found that an average of 42% of sentences 
was translated correctly.13

Since GTs update, other studies have examined the 
translation accuracy of GT with medical text, but did 
not assess GTs ability to interpret sentences of varying 
lengths and detect fluctuations inherent in spoken 
speech during real- time interpretation.5 9 10 To our 
knowledge, this is the first interpretation study to 
assess its accuracy when medically related sentences 
are spoken into the app. Khoong et al reported accu-
rate translation of written discharge instructions from 
English to both Spanish and Chinese.9 Rodriguez et al 
investigated GTs ability to translate written Portuguese 
portal messages to English, reporting GTs translation 
as non- inferior to human translation on all but one 
question.10 We report similar findings with GT tran-
scribing English speech to Spanish text. Our study 
differs as the prior studies used written communica-
tion (translation) and our study used oral commu-
nication (interpretation). Furthermore, our study 
compares accuracy by sentence length. By doing so, we 
have demonstrated GTs stepwise decrease in accuracy 
and increase in mean number of errors with increased 
number of sentences. As we demonstrate no difference 
in accuracy between single sentences <or> 8 words, 
we recommend future studies combine these groups to 
evaluate single sentence accuracy as one group.

We also investigated the inclusion of medical terms 
on GT accuracy. We report a significant decrease in 
accuracy in both the transcription and speech synthesis 
steps with the use of one or more medical terms. 

Similarly, Khoong et al reported a reduction in accu-
racy in Chinese when medical terminology was used.9 
Here, we corroborate prior findings that the use of one 
or more medical terms reduces GTs transcription ability 
and novel findings demonstrating decreased interpre-
tation accuracy with one or more medical term.

A 2018 article reported that many healthcare 
providers use GT because it is easy to use and because 
accessing in- person and even online interpretation 
services is difficult.14 At present, GTs use in a medical 
setting is limited by its inability to self- correct errors, 
which can lead to misunderstandings with poten-
tially grave medicolegal consequences. However, 
as GT continues to improve, and if it is used with 
single sentences spoken with clear inflection, GT has 
the potential to improve patient care in situations 
when language- concordant providers and in- person 
and remote interpreters are unavailable (eg, under- 
resourced settings).

We emphasise that we are not proposing that GT 
replace standard in- person interpretation services, 
particularly for purposes of consent or legal documen-
tation. The general consensus is that in- person inter-
preters provide a superior service due to improved 
satisfaction and patients’ understanding of their diag-
noses.15–17 At this point, GT does not integrate the 
nuances of interpersonal communication that are 
better detected and understood by trained, in- person 
interpreters. However, in under- resourced settings or 
settings when in- person interpreters are unavailable, our 
study suggests that GT has appropriate interpretation 

Table 5 Assessment of the influence of medical terms on transcription, translation and speech synthesis accuracy

Factors Presence of medical terms N Mean % Correct SD

95% CI

P valueLower bound Upper bound

Txn None 954 (53*18 participants) 98.87 1.35 98.78 98.96 0.033*
1+ 540 (30*18 participants) 97.18 4.05 96.84 97.52

Tln None 954 (53*18 participants) 93.10 10.39 92.44 93.76 0.293
1+ 540 (30*18 participants) 90.51 11.25 89.56 91.46

Speech
Synthesis

None 954 (53*18 participants) 81.9 0.587 79.46 84.34 <0.001*
1+ 540 (30*18 participants) 72.9 0.449 69.15 76.65

*P values < 0.05 were considered statistically significant.
Tln, translation; Txn, transcription.

Table 6 Variability in error rates broken down by sentence length

Error rates
Single sentence:
eight words or fewer

Single sentence:
nine words or more Two sentences Three sentences P value

Speech synthesis:
1. Inflection errors

4.2% 0.0% 14.4% 4.0% <0.001*

Speech synthesis
2. Interruption errors

0.0% 0.0% 10.6% 17.2% <0.001*

Speech synthesis
3. Sentence break errors

0.0% 0.0% 5.0% 28.7% <0.001*

Speech synthesis
4. Failure to synthesise speech error

0.0% 0.0% 0.0% 7.5% <0.001*

*P values < 0.05 were considered statistically significant.
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rates to allow for effective one way, English to Spanish 
communication with LEP patients. Based on finding, 
a stepwise decrease in accuracy and stepwise increase 
in the number of errors with increased number of 
sentences, we recommend that providers speak in 
single sentences, as the single sentence accuracy of 
90% accuracy significantly drops with two or more 
sentences. Therefore, we do not recommend speaking 
in two or three consecutive sentences, as this could 
harm patients if information from providers is not 
accurately interpreted. While we used back- translation 
to assess transcription, translation and speech synthesis 
errors, we recognise this has the potential to introduce 
errors separate from GT errors. While prior studies 
have also used back- translation,4 5 we recognise future 
studies may also assess accuracy with methods separate 
from back- translation. Future studies may also benefit 
from further investigation of GTs accuracy based on 
medical terminology and readability scores as the 
American Medical Association recommends patient 
reading education material to be no higher than a 
sixth- grade reading level (<6).18

Our study has several limitations. First, there are 
inherent limitations to using a patient non- secure plat-
form when aiding in medical care. If GT were to be 
used in a medical setting, providers and patients would 
need assurance on the HIPAA compliance of this 
application to ensure patient confidentiality. Second, 
this study only examined GTs accuracy from English 
to Spanish. Further studies are needed to assess GTs 
ability to accurately interpret Spanish to English and 
to withstand a patient- provider conversation in the 
conversation mode of the application. Despite this 
limitation, this study adds value as a primary proof of 
concept for GTs ability to help physicians provide one- 
way instructions to patients with LEP. This proof of 
concept can be strengthened in future studies. Third, 
this study used one CMI to assess meaning preser-
vation, which has the potential to introduce error 
without interobserver agreement. However, we used 
a CMI with extensive interpretation training, which is 
a significant improvement to previous studies, which 
used clinicians without mention of medical interpre-
tation certification. Finally, we did not evaluate GTs 
capacities across languages other than Spanish. Before 
testing the implementation of GT for patient care, the 
application would need to be tested in clinical settings 
to determine Spanish- to- English accuracy, patient and 
provider satisfaction, ease- of- use, and accuracy in a less 
controlled environment like that of a hospital room.

CONCLUSIONS
GT performs best with medical language from 
English to Spanish when single sentences are spoken. 
This study demonstrates that GT has the potential 
to improve access to language services for Spanish- 
speaking patients with LEP. Further studies should 
assess GTs ability to accurately interpret Spanish to 

English, thereby providing information on two- way 
communication. Future studies are needed to deter-
mine the extent of its capabilities in clinical settings.
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Appendix 1 

 

Phrase 

Length 

Technical 

medical 

terms 

Sentence(s) spoken in English 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

None Did you get your flu shot this year? 

When did the pain start? 

Where did the pain start? 

How often do you feel the pain? 

Tell me more about that. 

How old are your parents? 

Do you have any siblings? 

What brings you into the clinic today? 

How are you feeling right now? 

How would you describe the pain? 

Are you married? 

Do you have any questions for me? 

What were you doing when the pain started? 

What do you do for exercise? 

Have you ever been pregnant? 

Is there anything that makes the pain worse? 

Do you smoke tobacco? 

How often do you drink alcohol? 

How often do you exercise? 

Is there anything that makes the pain better? 
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One 

Sentence 

(8 words 

or less) 

Have you had any surgeries? 

Can you tell me about your living situation? 

Do you have any medical conditions? 

Are you checking your sugar levels every day? 

 

Do you take any medications? 

Have you tried anything to alleviate the pain? 

Have you ever been hospitalized? 

Are you sexually active? 

 

Are you taking any other vitamins or supplements? 

Were there any complications from the surgery? 

Do your parents have any medical conditions? 

Have you had neck pain? 

1+ Do you have any ringing in your ears? 

Do you have blurry vision? 

We ordered a lipid panel. 

You have a pneumothorax in your right lung. 

Are you up to date with your immunizations? 

When were you diagnosed with high blood pressure? 

 

What was your reaction to penicillin? 

When was your last colonoscopy? 
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What other symptoms are you experiencing right now? 

When did you first start experiencing these symptoms? 

How often are you experiencing your symptoms? 

How often are you experiencing migraines? 

Do you have any allergies to medications? 

 

 

 

 

 

 

 

 

One 

Sentence 

(9 words 

or more) 

None On a scale of 1 to 10, how much pain are you in right now? 

Tell me more about the pain you have in your chest. 

Have you had any ear pain or trouble hearing? 

When was the last time you saw a doctor for your condition? 

Does the pain radiate to other parts of your body? 

Call me if you have any questions or if anything changes. 

When was the last time you saw your primary doctor? 

It is important to exercise and eat a balanced diet. 

Have you had any recent visits to the Emergency Department? 

If you feel worse, just give my office a call and we can schedule you for an 

appointment immediately. 

Your imaging demonstrated that you had a good recovery, and we will 

continue to monitor you in order to make sure that you recover as expected. 

1+ When was your last pap smear? 

Are your symptoms getting better or worse or staying the same? 

Do you have any side effects from the medication? 
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We will closely monitor you and order more scans at your next follow-up 

visit. 

You will not need to go under general anesthesia. 

How old was your mother when she was diagnosed with high cholesterol? 

Does anyone in your family have diabetes, cancer, or heart problems? 

Have you had any nausea, vomiting, headaches, or any other symptoms 

recently? 

 

 

 

 

 

Two 

Sentences 

None 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

I’m looking at your chart and it looks like you’ve been in remission for six 

months now. How have you been feeling? 

After surgery, you should expect to feel groggy.  You may feel some pain, 

that we will treat as needed. 

You can refill your prescription at any pharmacy. It should be ready within 

the next hour. 

Starting at midnight the night before the procedure, you can’t have any solid 

food. It’s okay to have water or apple juice when you wake up, but it’s very 

important that you don’t eat or drink two hours before surgery. 

Make sure that you avoid any strenuous exercise. Make sure you don’t hit 

your head, and take precautions to prevent falling or anything that can be 

dangerous. 

I’m going to take your pulse. You can just relax. 

Has your child ever had chickenpox, measles, mumps, whooping cough, or 

tuberculosis? Are all of your child’s vaccinations up to date? 
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1+ 

Have you had any irregular periods? Have you had any spotting between 

periods? 

Like I said, glaucoma doesn’t have symptoms that you’d feel. The itching is 

probably due to seasonal allergies or dry eyes from sun exposure. 

 

 

 

 

 

 

Three 

Sentences 

None I’m so sorry. You seem very upset. Is there anything I can do for you? 

It sounds like you’ve been feeling sick for a few days. I’m sorry to hear that. 

I’d like to run some tests to get a better sense of what’s going on. 

You’ll take the medication for the nausea twice a day with meals, once with 

breakfast and once with dinner. You’ll take the medication for pain every six 

hours or as needed between meals. Do you have any questions? 

We’re hoping you can be discharged by tomorrow afternoon. It depends on 

whether you have a fever. I know you’re ready to go home. 
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The nurse tells me you hurt your wrist playing basketball. Is it okay if I take 

a look? When I bend it like this, does it hurt? 

1+ Let’s get these tests done and then discuss further steps. Here’s a referral to 

radiology, a lab slip, and a note for work. I’ll see you back in four weeks, 

okay? 

I think you may have torn your meniscus. If it is torn, we may have to 

intervene surgically. I’m going to give you a prescription for an anti-

inflammatory to see if we can bring the swelling down, and I’ll also give you 

a prescription for a pain medication. 

If we do the procedure laparoscopically, we’ll have you in and out after just 

one night. If we have to make a larger incision, you’ll have to stay in the 

hospital for a bit longer, maybe up to a week. As for the anesthesia, you’ll 

have general anesthesia given through an IV. 

I would like you to start taking one whole pill every other day. I’ll give you 

another prescription for the other pills as well. If you don’t tolerate the 

medication well, I’ll take the case to Grand Rounds and see what my 

colleagues think. 

We need to discuss your medication plan before moving forward. I’d like 

you to discontinue the iron medication seven days before the procedure, the 

aspirin ten days before the procedure, and your arthritis medications--like 

Motrin or Advil--two days before the procedure. It’s very important that you 

continue taking prednisone, your heart medications, your lung medications, 

and your diabetes medications. 
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Appendix 3 
Error Types Sentence(s) with error(s) Original sentence(s) 
Word insertion resulting in error 

(Transcription or Translation 

error) 

Has your son ever had 

chickenpox, measles, mumps, 

whooping cough or tuberculosis 

or are all of your son's 

vaccinations up to date? 

 

Error: the word “or” was inserted 

– 1 error 

Has your child ever had chickenpox, measles, 

mumps, whooping cough, or tuberculosis? Are 

all of your child’s vaccinations up to date? 

Word deletion resulting in error 

(Transcription or Translation 

error) 

Like I said, doesn’t have 
symptoms that you’d feel. The 
itching is probably due to seasonal 

allergies or dry eyes from sun 

exposure. 

 

Error: the word glaucoma is 

missing – 1 error 

Like I said, glaucoma doesn’t have symptoms 
that you’d feel. The itching is probably due to 
seasonal allergies or dry eyes from sun 

exposure. 

Word substitution resulting in error 

(Transcription or Translation 

error) 

Make sure to avoid any strenuous 

exercise and make sure to not hit 

your head and take precautions for 

that call or anything that could be 

dangerous. 

 

Error: “for that call” substituted 
“to prevent falling” - Three word 

substitutions – 3 errors 

Make sure that you avoid any strenuous 

exercise. Make sure you don’t hit your head, 
and take precautions to prevent falling or 

anything that can be dangerous. 

Inflection error (Speech Synthesis 

Error) 
You are sexually active. 

 

Error: The sentences was 

inflected as a statement instead of 

as a question.  

Are you sexually active? 

Interruption error (Speech 

Synthesis Error) 
Has your son ever had 

chickenpox, measles, mumps, 

whooping cough or tuberculosis? 

 

Error: The second half of the 

passage was not interpreted 

because the application 

interrupted the speaker. 

Has your child ever had chickenpox, measles, 

mumps, whooping cough, or tuberculosis? Are 

all of your child’s vaccinations up to date? 

Sentence-break error (Speech 

Synthesis Error) 
I'm very sorry that you seem very 

angry. Is there anything I can do 

for you? 

 

Error: No pause after “I’m so 
sorry” to signal the end of a 
sentence and insertion of “that” 

I’m so sorry. You seem very upset. Is there 
anything I can do for you? 

Lack of interpretation error 

(Speech Synthesis Error) 
--------(GT does not speak) 

 

We need to discuss your medication plan 

before moving forward I'd like you to 

discontinue the iron medication 7 days before 
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Error: No interpretation—the 

application did not produce 

speech. 

 

the procedure, the aspirin 10 days before the 

procedure and your arthritis. 
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