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Abstract

Background: Language barriers in medical encounters pose risks for interactions with patients, their care, and their outcomes.
Because human translators, the gold standard for mitigating language barriers, can be cost- and time-intensive, mechanical
alternatives such as language translation apps (LTA) have gained in popularity. However, adequate training for physicians in
using LTAs remains elusive.

Objective: A proof-of-concept pilot study was designed to evaluate the use of a speech-to-speech LTA in a specific simulated
physician-patient situation, particularly its perceived usability, helpfulness, and meaningfulness, and to assess the teaching unit
overall.

Methods: Students engaged in a 90-min simulation with a standardized patient (SP) and the LTA iTranslate Converse. Thereafter,
they rated the LTA with six items—helpful, intuitive, informative, accurate, recommendable, and applicable—on a 7-point Likert
scale ranging from 1 (don’t agree at all) to 7 (completely agree) and could provide free-text responses for four items: general
impression of the LTA, the LTA’s benefits, the LTA’s risks, and suggestions for improvement. Students also assessed the teaching
unit on a 6-point scale from 1 (excellent) to 6 (insufficient). Data were evaluated quantitatively with mean (SD) values and
qualitatively in thematic content analysis.

Results: Of 111 students in the course, 76 (68.5%) participated (59.2% women, age 20.7 years, SD 3.3 years). Values for the
LTA’s being helpful (mean 3.45, SD 1.79), recommendable (mean 3.33, SD 1.65) and applicable (mean 3.57, SD 1.85) were
centered around the average of 3.5. The items intuitive (mean 4.57, SD 1.74) and informative (mean 4.53, SD 1.95) were above
average. The only below-average item concerned its accuracy (mean 2.38, SD 1.36). Students rated the teaching unit as being
excellent (mean 1.2, SD 0.54) but wanted practical training with an SP plus a simulated human translator first. Free-text responses
revealed several concerns about translation errors that could jeopardize diagnostic decisions. Students feared that patient-physician
communication mediated by the LTA could decrease empathy and raised concerns regarding data protection and technical
reliability. Nevertheless, they appreciated the LTA’s cost-effectiveness and usefulness as the best option when the gold standard
is unavailable. They also reported wanting more medical-specific vocabulary and images to convey all information necessary for
medical communication.
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Conclusions: This study revealed the feasibility of using a speech-to-speech LTA in an undergraduate medical course. Although
human translators remain the gold standard, LTAs could be valuable alternatives. Students appreciated the simulated teaching
and recognized the LTA’s potential benefits and risks for use in real-world clinical settings. To optimize patients’ and health care
professionals’ experiences with LTAs, future investigations should examine specific design options for training interventions
and consider the legal aspects of human-machine interaction in health care settings.

(JMIR Mhealth Uhealth 2021;9(12):e31559) doi: 10.2196/31559
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Introduction

Communication with patients ranks among the most important
tasks for physicians and is thus an integral aspect of medical
training [1-3]. Many institutional bodies and national catalogues
of learning objectives have even designated communication
with patients as a core competency [4-8]. However, several
circumstances (eg, reduced consciousness and high emotionality)
can impair communication with patients [9,10]; of them,
language barriers can especially put timely, sufficient medical
care at risk [11,12]. In nonmedical contexts, internet- and
app-based digital translation services have become widely used
to overcome such language barriers.

Albeit to a lesser extent than in the general public, the use of
such translation services, particularly language translation apps
(LTA), has gained traction in medical settings. Owing to
increased globalization, migration, and refugee resettlement
during the 21st century, patients often cannot speak the language
spoken where they receive medical treatment and may thus be
at risk of receiving less effective health care [13-15]. In
response, human translators have been shown to benefit health
care delivery in numerous ways; hence, various attempts have
been made to train medical students or physicians to act as
translators [16-20]. Although human translators are currently
the gold standard for obtaining information from patients,
obtaining their informed consent, and delivering negative news
to them [10,21,22], such services may not always be available
owing to timing and financial limitations. In such cases, digital
technology such as LTAs seem to offer the second-best option
[10,23,24]. LTAs generally function in one of three ways: text
to text (ie, translation of a word or sentence from text into new
text), text to speech (ie, translation of text from a tappable
dictionary into voice output), and speech to speech (ie,
translation of spoken sentences into voice output) [25].

In any case, LTAs are doubtlessly preferable to ad hoc
alternatives such as relying on relatives, who may be too
emotionally involved and thus prone to potentially fatal
translation errors, or staff members who speak the same
language as the patient, which would violate patient
confidentiality and data security and could precipitate
misunderstandings due to a lack of clinical and medical
knowledge [21,26-29]. Nonetheless, guidelines applicable to
communication via human translators may also be relevant
when using LTAs, including ensuring direct communication,
maintaining eye contact, talking to the person instead of the

device, and using simple, clear, and sufficiently audible language
[30,31].

In emergency medicine, studies have shown that using LTAs
can overcome language barriers [32,33]. In particular,
participants in those studies reported greater satisfaction with
the more domain-specific app QuickSpeak than the generic
Google Translate, although in both cases, they were worried
about the inaccuracy of the translations [10,34-40]. Other studies
have involved investigating the use of LTAs in clinical settings
and shown their usefulness in simple communicational situations
[34,41,42].

LTAs designed for clinical application often require the use of
simple sentences. As a case in point, by using a text-to-speech
app that simplified open-ended questions into closed-ended
ones, Narang et al [33] found good user satisfaction and
improvements in communication with patients with limited
English proficiency. At the same time, inaccuracy in machine
translation has been documented in various LTAs [40,42-44]
and could precipitate misdiagnoses, incorrect prescriptions, and
general mistreatment [45,46]. In sum, using LTAs in
physician-patient communication demands caution, and
physicians need to be trained in the adequate professional use
of such apps [34,47].

Against that background, we conducted a proof-of-concept pilot
study to examine the use of a speech-to-speech LTA in an
undergraduate medical course, particularly its perceived
usability, helpfulness, and meaningfulness in a simulated
specific physician-patient situation, and to assess the teaching
unit overall. Because the setting was simulated, we did not
account for legal aspects (eg, data security) that would apply in
clinical settings.

Methods

Setting and Participants
The proof-of-concept study was conducted in the Medical
Faculty at the University of Tuebingen, Germany, between April
and June 2019 in a medical communication course designed for
the second preclinical year of medical school. Whereas
participation in the course was mandatory, participation in the
study was voluntarily, and 111 medical students were invited
to participate. All participating students gave their written
informed consent to participate, and data were collected
anonymously.
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Teaching Unit and Study Procedure
The teaching unit in this study was a 90-min seminar within the
medical communication course taught by experienced instructors
at the Department of Psychosomatic Medicine and
Psychotherapy. All students had previously attended a lecture
on the general aspects of physician-patient communication and
how to inquire into and document a patient’s medical history.
They had also completed a repeat session on specifically
assessing the history of present illness (HPI) in which they had
practiced with a standardized patient (SP) presenting with
chronic back pain.

The seminar on the LTA began with an introductory lecture on
handling language-nonconcordant patients. Students also
received information on how to work with human translators,
including common pitfalls to avoid, and organizational
background information specific to Tuebingen University
Hospital (eg, how to request and pay human translators).
Afterward, during the encounter with the SP, one medical
student per 10-student group acted as the attending physician.

The interaction was followed by a feedback session on general
communication strategies and the overall management of the
situation. The session ended with an interactive discussion on
the usage of an LTA in physician-patient communication and
appropriate medical strategies in the management of this patient
case.

Standardized Patient
The SP was a 20-year-old male from Syria who spoke Arabic,
a foreign language chosen owing to its relative frequency among
patients in German hospitals and the low probability that
participating students would understand or speak it. The SP was
a young traveler who had experienced acute-onset nausea and
vertigo hours before, which had worsened when he presented
at the emergency department at 3 AM. Although the patient
could not speak German or English, the attending physician’s
task was nevertheless to obtain some basic information about
the patient and his HPI using the LTA. Full instructions are
provided in Textboxes 1 and 2.

Textbox 1. Instruction for students acting as the attending physician.

Setting:

Emergency department, 3 AM.

You are the attending physician on your 4th night shift this week.

Case:

A 20-year-old male presents with acute-onset vertigo and nausea. The highly experienced on-duty nurse tells you, with slight exasperation, that the
patient can communicate in Arabic only and that all attempts to gather basic information thus far have been futile. More important, the patient is in
obvious distress (e.g. restlessly turning on the stretcher and clutching a kidney dish), and time seems of the essence. Knowing that no other staff on
the ward can translate Arabic, you consider the option to request a professional translator. However, you are also aware that procuring a translator
won’t be easy at 3 a.m. As an alternative, you remember that one of your colleagues had introduced you to a language translation app, and you decide
that now is the time to try it. After all, what do you have to lose?

Task:

Take the patient’s HPI using the app on the iPhone. You have 10 min.

Textbox 2. Instruction for the standardized patients.

Setting:

Emergency department, 3 AM.

You are _______________ (insert name), a 20-year-old from Syria who has been travelling across Europe with a friend for several weeks. Although
you do not speak any German or English, you have managed quite well thus far.

This evening, you experienced a sudden onset of nausea and vertigo. You haven’t been drinking alcohol or taken any drugs. The vertigo is rotational,
similar to being on a merry-go-round, not a sailboat, and you feel the constant urge to vomit, even though you have not vomited thus far. Although
lying on your back initially helped, your posture no longer affects your symptoms, and turning your head rapidly especially worsens your vertigo.
You have never experienced a comparable condition, and you are unaware of any family history of vertigo.

You are usually an open-minded, easy-going person who loves to travel. You are in Europe for the first time, and so far, you have had lots of fun and
appreciated all of the impressions made and opportunities encountered on your journey. Currently, however, you feel rather unwell and slightly scared
because you can’t judge the seriousness of your situation, and it doesn’t help that you don’t understand what people are saying. On the plus side, you
very much like the young doctor taking care of you. You appreciate their effort to communicate with you on an app and thus try your best to communicate
given the circumstances.

Remember that you speak Arabic exclusively. Only respond to whatever the app translates for you, even if you know that the original question in
German was somewhat different. Please use simple sentences and only respond to what you’ve been asked (e.g. don’t add information).

If you’re asked any question not listed in these instructions, then please improvise. Remember, the session is part of a medical communication course
in the second year of medical school. The simulation does not focus on the medical content as much as the general communication techniques and
the specific situation of communicating via the app.

The encounter will last approximately 10 min.
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LTA: iTranslate Converse
The app used, iTranslate Converse available for Android,
Windows, and Mac, was chosen for its benefits identified by
Khander et al [48] that we considered important for our
simulation—that is, a wide range of available languages, ease
of navigation and a high score (2.5/2.7) for “application
comprehensiveness.” It has also been shown to produce
translations of similar quality to that of human translators, at
least with simple sentences [35]. Preliminary tests for usability
were also conducted by 2 authors (AHW and SZ).

The LTA was downloaded to an iPhone 7 device from the
faculty’s IT Department; the phone was not connected to the
hospital’s Wi-Fi, had no SIM card but had its languages preset
to German and Arabic. The app was downloaded using Wi-Fi,
accessed with the Apple ID of one author (AHW), and the
connection was terminated immediately afterward because the
LTA can be run offline.

Before students commenced the SP encounter, they were allotted
time to become familiar with how the LTA worked. To translate
speech, the student, either as the attending physician or patient,
had to tap and hold a button while speaking, and releasing the
button generated an audio translation. The system recognized
the language spoken and automatically switched between the
2 preset languages.

Questionnaire
We developed a questionnaire with reference to the literature,
models (eg, Unified Theory of Acceptance and Use of
Technology) and ratings by expert panels [10,49-51]. Before
the first seminar, the questionnaire had undergone cognitive
pretesting by using the so-called “think aloud” method, in which
the respondent concurrently verbalizes thoughts when
responding to questionnaire items [52,53]. Consequently, minor
adaptions to the questionnaire were made, and it was
administered after the teaching unit but before the interactive
discussion. The questionnaire collected demographic
information (ie, age and gender) and ratings of the use of the
LTA, the latter with 6 items on a 7-point Likert scale ranging
from 1 (don’t agree at all) to 7 (completely agree). The 6 items
were (1) helpful (ie, able to support the task), (2) intuitive (ie,
easy to use), (3) informative (ie, able to gather all necessary
information), (4) accurate (ie, able to provide correct
translations), (5) recommendable (ie, advisable for use by
patients and clinical staff), and (6) applicable (ie, likely to be
employed for personal use). Following those items,
complementary free-text responses were requested for four
additional items: (7) general impression of the LTA, (8) the
LTA’s benefits, (9) the LTA’s risks, and (10) suggestions for
improvement. These questions were added to obtain a deeper
insight into students’ considerations.

Teaching Unit Evaluation
Students anonymously evaluated the teaching unit on a secure
platform for teaching assessment used by the faculty members

for all courses at the university’s medical school. The grading
system used in German schools (1=excellent, 6=insufficient)
was employed.

Respondents and Nonrespondents
At the beginning of the study, a questionnaire was placed on
each medical student’s desk. Students who answered and
submitted the questionnaire were considered respondents,
whereas those who left the questionnaire unanswered or did not
submit it were considered nonrespondents.

Statistical Analysis
A sample size calculation was conducted with a 95% CI,
population proportion of 50%, and a population size of 120,
which resulted in a sample size of 92 respondents. The data
were evaluated both quantitatively and qualitatively.
Quantitative statistical analyses were performed with SPSS for
Windows (version 25.0) under the assumption that the variables
followed a normal distribution. First, for reliability analysis,
the Cronbach α for internal consistency was computed to assess
the 6 items in the quantitative part of the questionnaire (ie, Items
1-6). The internal consistency was satisfactory (α=.86), and
reliability could not be improved by deleting items [54].
Corrected item–total correlations for all 6 items ranged between
.45 and .81, and mean (SD) values were calculated. The final
4 items addressed in free-text responses (ie, Items 7-10) were
evaluated in thematic content analysis using Microsoft Excel
as coding software [55]. Themes in the data set were identified,
analyzed, and documented. During content analysis, the
reviewers familiarized themselves with the data and developed
codes. After themes were sought, examined, and specified,
results of the analysis were interpreted.

Ethics
Ethics approval for the study was obtained by the local ethics
committee (No. 443/2018BO2).

Data Availability Statement
Full data are available on reasonable request by the
corresponding author.

Results

Demographic Information
Of the 111 students in the course, 76 (68.5%) participated in
the study. Most were women (n=45, 59.2%), and all were from
17 to 40 years of age (mean 20.66 years, SD 3.26 years).

Rating of the LTA
The mean rating across the first 6 items (ie, items 1-6) was only
slightly above average (mean 3.64, SD 1.36). For the individual
items, ratings for helpful, recommendable, and applicable were
average. Students rated the LTA’s being intuitive and
informative as slightly above average (mean 4.52, SD 1.95) but
its accuracy as rather below average (mean 2.38, SD 1.36).
Table 1 reports the individual ratings of the 6 dimensions.
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Table 1. Items regarding features of the language translation app.

Rating (1=don’t agree at all, 7=completely agree), mean (SD)Dimension

3.45 (1.79)(1) Helpful

4.57 (1.74)(2) Intuitive

4.52 (1.95)(3) Informative

2.38 (1.36)(4) Accurate

3.33 (1.65)(5) Recommendable

3.57 (1.85)(6) Applicable

Analysis of Free-Text Responses
Regarding items 6-10, most general impressions regarding the
LTA contained largely critical comments about its accuracy.
The students noticed, especially following comments from the
SP and bilingual classmates, the possibility of severe translation
errors, especially in translations from Arabic to German.
Students also reported that the LTA largely failed to compute
long, complex, or open-ended questions, and students instead
suggested using close-ended questions to “get to the point.”
Many students reported worrying that planning and
administering misguided follow-up or unnecessary interventions
owing to linguistic misunderstandings could harm patients.
Students additionally raised concerns about the technical
challenges that LTAs can present (eg, poor connectivity or
updates).

Regarding the LTA’s benefits, students considered the app very
useful for emergency situations and other brief conversations.
Beyond that, they envisioned using the LTA more in hospital
contexts than in ambulatory ones. A particularly positive aspect
mentioned was that the LTA allows creating transcripts of
dialogues, albeit only in its paid upgraded version. Another
advantage was the LTA’s cost-effectiveness relative to human
translators and its potential use in translating uncommon
languages and dialects not always known by hospitals’ human
translators.

Concerning the LTA’s risks, students emphasized not only
concerns about inaccuracy and its consequences but also the
risk of fragmented, ineffective physician-patient communication.
By using the LTA as an intermediary, many students
experienced increased distance between themselves and the SP
and added that the LTA needlessly prolonged the task of taking
the SP’s medical history. Students also reported worrying about
losing empathy for patients and their symptoms by using the
LTA. In particular, to assess mental distress or psychological
comorbidities, they expressed doubts that the LTA would
transmit the interpersonal information correctly. Furthermore,
students were concerned that they would accidentally make
offensive or politically incorrect statements to patients owing
to the LTA’s mistranslation. Other feedback focused on the
extent to which the LTA guaranteed data confidentiality and
whether machines such as LTAs would soon replace human
interpreters.

Finally, regarding suggestions for improving the LTA, students
generally aligned with their risk assessments by expressing a
desire for more accurate translations. Considering the context
of application, however, they contemplated the usefulness of

predefined questions as a means to simplify the taking of
medical history. Along similar lines, students wished for
specialized terms adapted to the medical context and a “greater
and more diverse vocabulary” both to prevent misunderstandings
and to plan more precise interventions. Other students proposed
adding pictures or predefined snapshots of difficult situations
to improve the LTA’s translation accuracy and ease of use. A
final suggestion was for the LTA to reproduce the voice of the
respective speaker to make taking the medical history more
realistic.

Teaching Unit Evaluation
Analysis of the free-text responses in the evaluation of the
teaching unit revealed that students were interested in the topic
and generally liked the idea of including an app in the course’s
instruction. They also appreciated the possibility of practicing
with the LTA with an SP in a controlled environment and
receiving feedback from multiple sources afterward. At the
same time, they underscored the topic’s lack of connection to
other learning content and demanded a better introduction to
the topic, including practice with an SP along with a simulated
human translator first. On the whole, students quantitatively
rated the teaching unit in the official teaching evaluation system
as excellent (mean 1.2, SD 0.54).

Discussion

Our proof-of-concept pilot study was designed to gain insight
into the use of an LTA in a simulated setting in undergraduate
medical education.

Principal Findings
Tested as part of an undergraduate medical curriculum, the LTA
was perceived by medical students as being generally useful
for the task of taking a HPI during acute care. Students
appreciated the teaching unit taught in the seminar, even if they
had only general interest in the topic and favored using the gold
standard of human translators instead, which corroborates with
other published findings [56].

When comparing human variants in translation, the role of the
translator demands consideration. Ideally, a translator should
act as a “conduit” transferring information neutrally from one
party to the other [57,58]. However, depending on the
circumstances, additional roles—managers, advocates, cultural
mediators, or even co-therapists, to name a few—may equally
need to be filled [59,60], none of which LTA can. Despite this
limitation, it does guarantee the basic function demanded of a
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translator—pure information exchange—and students should
be made aware of its possibilities.

Although generally appreciative of the teaching unit, students
complained that the challenge of using LTAs can be better
confronted with more training, especially simulated training in
communication with the aid of a human translator. Such training
could easily be accommodated by the educational approach of
spiral curriculum design [61].

Students’ overall satisfaction with the LTA was high, however,
as previous findings have also shown [47]. In particular, medical
students considered the LTA easy to handle, possibly owing to
its user-friendly interface and the fact that the students’ age
group is highly familiar with using mobile apps in their
day-to-day lives. Nevertheless, the results suggest that students
need to be trained in the professional application of LTAs, as
recently stressed [47]. Students also acknowledged the potential
of acquiring the necessary information with the LTA,
information that they could not have obtained without the app,
or at least not as rapidly, which confirms a known effect of
using LTAs [62]. Even so, the students could readily specify
the potential difficulties and pitfalls of using an LTA in
real-world practice. In general, students feared that using an
LTA to communicate with patients would threaten the
physician’s empathy, which is another known phenomenon of
the replacement of human translators [63]. They were also
concerned that translation errors could result in maltreatment
or misdiagnosis, among other dangerous mistakes, that would
jeopardize the patient’s health and life. Their concern echoes
findings from other research groups [10,27,35,40].

At the same time, our intended meaning of errors needs
clarification. So-called “noncatastrophic errors” such as incorrect
grammar or awkward translations may be tolerable, whereas
critical mistranslations may not only cause confusion but also
create the potential for serious harm [40,64]. Students need to
be aware of such problems and need to be equipped with
strategies to minimize them. After all, professional human
translators are as liable to commit translation errors that become
medical errors [29]. Similarly, an LTA’s disadvantage may be
its inflexibility compared to the flexibility that human interaction
offers. With a human translator, at least one person can
understand both languages and may be able to detect mismatches
between speech and reactions and can adapt to cultural
differences and communication-related concerns, whereas
machines can accomplish neither task. Nevertheless, as Freyne
et al [62] have shown, with repeated use of an LTA, health care
professionals cultivate confidence in its translation abilities,
possibly because they adapt their way of speaking to
accommodate the possibilities and limitations of the app’s
functionality. To aid that process, some students wished for
predefined sentences or images as a means to minimize
misunderstandings. On that topic, the choice of Arabic as the
SP’s language might have aggravated the problem in our study
because especially rare or non-European languages are prone
to translation errors [38,65]. Indeed, more specific apps such
as Quick Talk have been shown to be more helpful in emergency
medicine settings than Google Translate [10]. Additionally,
when used with native speakers on both ends, LTAs can usually
produce the correct meaning, even if the translation is not

completely accurate [10]. An ideal solution might be a mix of
preset questions as options supplemented with images and the
additional function of free-text entry.

The reluctance to trust the LTA’s accuracy was also reflected
by the fact that whereas all ratings for the 6 items correlated
with each other, no intercorrelation emerged between the
students’ rating of the LTA’s helpfulness and their assessment
of its accuracy, which indicates that the students appreciated
using an LTA for collecting the medical history of
language-nonconcordant patients but were partly deterred by
its technical restrictions.

Limitations
Our study had several limitations. First, it was conducted during
only one semester with medical students from only one faculty
in Germany. Those constraints upon the sample and the study
limit the generalizability of the findings. Second, only one LTA
was used in the study, meaning that the findings might not be
applicable for other LTAs. Third, we tested only one language,
Arabic, chosen as a compromise between a language
encountered often enough amongst patients in hospitals in
Germany and a language with little risk of being known by
many students, which would have jeopardized their learning
experience. Because students participated in the study on a
voluntary basis, we cannot exclude selection bias; however,
given the number of respondents and their age and gender
distribution, the sample can be considered to represent the
student population at Tuebingen Medical Faculty in general.
Finally, the study was designed as a self-report paper-and-pencil
survey with quantitative and open-ended questions. Self-report
surveys are generally open to bias, and responses to the items
were analyzed in accordance with the level of data available.
Consequently, there was no need to compute moderator or
between-group analyses.

Despite those limitations, we strongly believe that the pilot
study offers valuable insight into the use of a speech-to-speech
LTA that offers the possibility of speaking freely, in an
undergraduate medical curriculum. Those initial data show that
such an LTA can be helpful in obtaining the HPIs of patients
in simulated acute care settings. It remains unclear whether this
app could be reliably integrated into actual patient care where
other additional aspects (eg, data protection and legal liability)
would have to be considered.

Comparison With Prior Work
To the best of our knowledge, this study was the first to examine
an LTA in undergraduate medical education, which offers the
possibility of speaking freely and thus approximates a normal
conversation without language barriers. Findings concerning
the evaluation of the LTA used were primarily in line with
published results. However, they additionally showed that
students need training in the use of LTAs, which confirms the
recently identified need among physicians to be properly
prepared for using LTAs.

Conclusions
Our proof-of-concept study revealed that using a
speech-to-speech LTA in an undergraduate medical class is
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feasible. Students primarily benefitted from the feedback from
multiple sources as part of the simulation, as well as from
becoming familiar with the general possibilities and potential
drawbacks of using LTAs.

Although human translators remain the gold standard and are
preferred by patients and health care professionals, LTAs might
pose a valuable alternative to less favorable options (eg, relying
on bystanders and family members) or a valuable addition to
the off-the-cuff approach because they do not present the
obstacles that human translators often do (eg, timing, cost, and
inflexibility) [10,21,26,33,56,66]. Students liked the idea of
studying the topic as part of their simulated teaching. However,
they also recognized the risks of using such an LTA in clinical
settings with real patients.

The COVID-19 pandemic has altered health care in diverse
ways, including by increasing the acceptability of telemedical
health care solutions. Further investigations should examine
changes in the usage and acceptability of LTAs and how training
interventions can be designed to optimize patients’ and health
care professionals’ experiences with LTAs. At the same time,
legal concerns (eg, data security) need to be addressed in future
LTA training courses because they are essential to consider
when LTAs are intended for use in clinical practice. As a next
step, we propose the development of a full-scale training course
for undergraduate medical students that addresses
communication with language-nonconcordant patients, including
algorithms and strategies for using LTAs and the gold standard:
face-to-face or video-based human translation.

Acknowledgments
We thank our information technology department for technical support. We acknowledge support with financing publication fees
by “Deutsche Forschungsgemeinschaft” and Open Access Publishing Fund of the University of Tuebingen.

Conflicts of Interest
None declared.

References

1. Ha J, Longnecker N. Doctor-patient communication: a review. Ochsner J 2010;10(1):38-43 [FREE Full text] [Medline:
21603354]

2. Stewart M. Effective physician-patient communication and health outcomes: a review. CMAJ 1995 May 01;152(9):1423-1433
[FREE Full text] [Medline: 7728691]

3. Keifenheim KE, Teufel M, Ip J, Speiser N, Leehr EJ, Zipfel S, et al. Teaching history taking to medical students: a systematic
review. BMC Med Educ 2015 Sep 28;15:159 [FREE Full text] [doi: 10.1186/s12909-015-0443-x] [Medline: 26415941]

4. Edgar L, Roberts S, Holmboe E. Milestones 2.0: A Step Forward. J Grad Med Educ 2018 Jun;10(3):367-369 [FREE Full
text] [doi: 10.4300/JGME-D-18-00372.1] [Medline: 29946411]

5. Fischer M, Bauer D, Mohn K, NKLM-Projektgruppe. Finally finished! National Competence Based Catalogues of Learning
Objectives for Undergraduate Medical Education (NKLM) and Dental Education (NKLZ) ready for trial. GMS Z Med
Ausbild 2015;32(3):Doc35 [FREE Full text] [doi: 10.3205/zma000977] [Medline: 26677513]

6. Frank JR, Danoff D. The CanMEDS initiative: implementing an outcomes-based framework of physician competencies.
Med Teach 2007 Sep;29(7):642-647. [doi: 10.1080/01421590701746983] [Medline: 18236250]

7. Makoul G. Essential elements of communication in medical encounters: the Kalamazoo consensus statement. Acad Med
2001 Apr;76(4):390-393. [doi: 10.1097/00001888-200104000-00021] [Medline: 11299158]

8. Simpson M, Buckman R, Stewart M, Maguire P, Lipkin M, Novack D, et al. Doctor-patient communication: the Toronto
consensus statement. BMJ 1991 Nov 30;303(6814):1385-1387 [FREE Full text] [doi: 10.1136/bmj.303.6814.1385] [Medline:
1760608]

9. Grow RW, Sztajnkrycer MD, Moore BR. Language barriers as a reported cause of prehospital care delay in Minnesota.
Prehosp Emerg Care 2008;12(1):76-79. [doi: 10.1080/10903120701709878] [Medline: 18189182]

10. Turner AM, Choi YK, Dew K, Tsai M, Bosold AL, Wu S, et al. Evaluating the usefulness of translation technologies for
emergency response communication: a scenario-based study. JMIR Public Health Surveill 2019 Jan 28;5(1):e11171 [FREE
Full text] [doi: 10.2196/11171] [Medline: 30688652]

11. Flores G. Language barriers to health care in the United States. N Engl J Med 2006 Jul 20;355(3):229-231. [doi:
10.1056/NEJMp058316] [Medline: 16855260]

12. Meischke HW, Calhoun RE, Yip M, Tu S, Painter IS. The effect of language barriers on dispatching EMS response. Prehosp
Emerg Care 2013;17(4):475-480. [doi: 10.3109/10903127.2013.811565] [Medline: 23952940]

13. Kale E, Syed HR. Language barriers and the use of interpreters in the public health services. A questionnaire-based survey.
Patient Educ Couns 2010 Nov;81(2):187-191. [doi: 10.1016/j.pec.2010.05.002] [Medline: 20542656]

14. Ngo-Metzger Q, Sorkin DH, Phillips RS, Greenfield S, Massagli MP, Clarridge B, et al. Providing high-quality care for
limited English proficient patients: the importance of language concordance and interpreter use. J Gen Intern Med 2007
Nov;22 Suppl 2:324-330 [FREE Full text] [doi: 10.1007/s11606-007-0340-z] [Medline: 17957419]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e31559 | p. 7https://mhealth.jmir.org/2021/12/e31559
(page number not for citation purposes)

Herrmann-Werner et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/21603354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21603354&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=reprint&pmid=7728691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7728691&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-015-0443-x
http://dx.doi.org/10.1186/s12909-015-0443-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26415941&dopt=Abstract
http://europepmc.org/abstract/MED/29946411
http://europepmc.org/abstract/MED/29946411
http://dx.doi.org/10.4300/JGME-D-18-00372.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29946411&dopt=Abstract
https://doi.org/10.3205/zma000977
http://dx.doi.org/10.3205/zma000977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26677513&dopt=Abstract
http://dx.doi.org/10.1080/01421590701746983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18236250&dopt=Abstract
http://dx.doi.org/10.1097/00001888-200104000-00021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11299158&dopt=Abstract
http://europepmc.org/abstract/MED/1760608
http://dx.doi.org/10.1136/bmj.303.6814.1385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1760608&dopt=Abstract
http://dx.doi.org/10.1080/10903120701709878
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18189182&dopt=Abstract
https://publichealth.jmir.org/2019/1/e11171/
https://publichealth.jmir.org/2019/1/e11171/
http://dx.doi.org/10.2196/11171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30688652&dopt=Abstract
http://dx.doi.org/10.1056/NEJMp058316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16855260&dopt=Abstract
http://dx.doi.org/10.3109/10903127.2013.811565
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23952940&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2010.05.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20542656&dopt=Abstract
http://europepmc.org/abstract/MED/17957419
http://dx.doi.org/10.1007/s11606-007-0340-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17957419&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


15. Waxman MA, Levitt MA. Are diagnostic testing and admission rates higher in non-English-speaking versus English-speaking
patients in the emergency department? Ann Emerg Med 2000 Nov;36(5):456-461. [doi: 10.1067/mem.2000.108315]
[Medline: 11054199]

16. Jacobs EA, Shepard DS, Suaya JA, Stone E. Overcoming language barriers in health care: costs and benefits of interpreter
services. Am J Public Health 2004 May;94(5):866-869. [doi: 10.2105/ajph.94.5.866] [Medline: 15117713]

17. Jacobs EA, Diamond LC, Stevak L. The importance of teaching clinicians when and how to work with interpreters. Patient
Educ Couns 2010 Feb;78(2):149-153. [doi: 10.1016/j.pec.2009.12.001] [Medline: 20036480]

18. McEvoy M, Santos MT, Marzan M, Green EH, Milan FB. Teaching medical students how to use interpreters: a three year
experience. Med Educ Online 2009 Sep 02;14:12 [FREE Full text] [doi: 10.3885/meo.2009.Res00309] [Medline: 20165526]

19. Bischoff A, Hudelson P. Access to healthcare interpreter services: where are we and where do we need to go? Int J Environ
Res Public Health 2010 Jul;7(7):2838-2844 [FREE Full text] [doi: 10.3390/ijerph7072838] [Medline: 20717543]

20. Silva MD, Genoff M, Zaballa A, Jewell S, Stabler S, Gany FM, et al. Interpreting at the end of life: a systematic review of
the impact of interpreters on the delivery of palliative care services to cancer patients with limited English proficiency. J
Pain Symptom Manage 2016 Mar;51(3):569-580 [FREE Full text] [doi: 10.1016/j.jpainsymman.2015.10.011] [Medline:
26549596]

21. Flores G. The impact of medical interpreter services on the quality of health care: a systematic review. Med Care Res Rev
2005 Jun;62(3):255-299. [doi: 10.1177/1077558705275416] [Medline: 15894705]

22. Panayiotou A, Gardner A, Williams S, Zucchi E, Mascitti-Meuter M, Goh AM, et al. Language translation apps in health
care settings: expert opinion. JMIR Mhealth Uhealth 2019 Apr 09;7(4):e11316 [FREE Full text] [doi: 10.2196/11316]
[Medline: 30964446]

23. Locatis C, Williamson D, Sterrett J, Detzler I, Ackerman M. Video medical interpretation over 3G cellular networks: a
feasibility study. Telemed J E Health 2011 Dec;17(10):809-813 [FREE Full text] [doi: 10.1089/tmj.2011.0084] [Medline:
22011055]

24. Sciarra A, Batigália FF, Oliveira MAB. Technological devices improving system of translating languages: what about their
usefulness on the applicability in medicine and health sciences? Braz J Cardiovasc Surg 2015;30(6):664-667 [FREE Full
text] [doi: 10.5935/1678-9741.20150087] [Medline: 26934409]

25. Chen K. Top translator apps can help you communicate with patients who have limited English proficiency. OBG
Management 2017;29(10):36-37 [FREE Full text]

26. Flores G, Abreu M, Barone CP, Bachur R, Lin H. Errors of medical interpretation and their potential clinical consequences:
a comparison of professional versus ad hoc versus no interpreters. Ann Emerg Med 2012 Nov;60(5):545-553. [doi:
10.1016/j.annemergmed.2012.01.025] [Medline: 22424655]

27. Chang D, Thyer I, Hayne D, Katz D. Using mobile technology to overcome language barriers in medicine. Ann R Coll
Surg Engl 2014 Sep;96(6):e23-e25 [FREE Full text] [doi: 10.1308/003588414X13946184903685] [Medline: 25198966]

28. Diamond L, Wilson-Stronks A, Jacobs EA. Do hospitals measure up to the national culturally and linguistically appropriate
services standards? Med Care 2010 Dec;48(12):1080-1087. [doi: 10.1097/MLR.0b013e3181f380bc] [Medline: 21063229]

29. Flores G, Laws MB, Mayo SJ, Zuckerman B, Abreu M, Medina L, et al. Errors in medical interpretation and their potential
clinical consequences in pediatric encounters. Pediatrics 2003 Jan;111(1):6-14. [doi: 10.1542/peds.111.1.6] [Medline:
12509547]

30. Lake VE, Beisly AH. Translation apps: increasing communication with dual language learners. Early Childhood Educ J
2019 Mar 16;47(4):489-496. [doi: 10.1007/s10643-019-00935-7]

31. Robertson K. Tips for successful parent-teacher conferences with bilingual families. Colorín Colorado. 2007. URL: https:/
/www.colorincolorado.org/article/tips-successful-parent-teacher-conferences-bilingual-families [accessed 2021-11-01]

32. Tate RC, Hodkinson PW, Meehan-Coussee K, Cooperstein N. Strategies used by prehospital providers to overcome language
barriers. Prehosp Emerg Care 2016;20(3):404-414. [doi: 10.3109/10903127.2015.1102994] [Medline: 26807873]

33. Narang B, Park SY, Norrmén-Smith IO, Lange M, Ocampo AJ, Gany FM, et al. The use of a mobile application to increase
access to interpreters for cancer patients with limited English proficiency: a pilot study. Med Care 2019 Jun;57 Suppl 6
Suppl 2:S184-S189 [FREE Full text] [doi: 10.1097/MLR.0000000000001035] [Medline: 31095059]

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

35. Chen X, Acosta S, Barry AE. Machine or human? Evaluating the quality of a language translation mobile app for diabetes
education material. JMIR Diabetes 2017 Jun 29;2(1):e13 [FREE Full text] [doi: 10.2196/diabetes.7446] [Medline: 30291084]

36. Randhawa G, Ferreyra M, Ahmed R, Ezzat O, Pottie K. Using machine translation in clinical practice. Can Fam Physician
2013 Apr;59(4):382-383 [FREE Full text] [Medline: 23585608]

37. Taylor RM, Crichton N, Moult B, Gibson F. A prospective observational study of machine translation software to overcome
the challenge of including ethnic diversity in healthcare research. Nurs Open 2015 Apr;2(1):14-23 [FREE Full text] [doi:
10.1002/nop2.13] [Medline: 27708797]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e31559 | p. 8https://mhealth.jmir.org/2021/12/e31559
(page number not for citation purposes)

Herrmann-Werner et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1067/mem.2000.108315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11054199&dopt=Abstract
http://dx.doi.org/10.2105/ajph.94.5.866
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15117713&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2009.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20036480&dopt=Abstract
http://europepmc.org/abstract/MED/20165526
http://dx.doi.org/10.3885/meo.2009.Res00309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20165526&dopt=Abstract
https://www.mdpi.com/resolver?pii=ijerph7072838
http://dx.doi.org/10.3390/ijerph7072838
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20717543&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0885-3924(15)00575-8
http://dx.doi.org/10.1016/j.jpainsymman.2015.10.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26549596&dopt=Abstract
http://dx.doi.org/10.1177/1077558705275416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15894705&dopt=Abstract
https://mhealth.jmir.org/2019/4/e11316/
http://dx.doi.org/10.2196/11316
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30964446&dopt=Abstract
http://europepmc.org/abstract/MED/22011055
http://dx.doi.org/10.1089/tmj.2011.0084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22011055&dopt=Abstract
http://europepmc.org/abstract/MED/26934409
http://europepmc.org/abstract/MED/26934409
http://dx.doi.org/10.5935/1678-9741.20150087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26934409&dopt=Abstract
https://cdn.mdedge.com/files/s3fs-public/Document/September-2017/OBGM02934_AppRev.PDF
http://dx.doi.org/10.1016/j.annemergmed.2012.01.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22424655&dopt=Abstract
http://europepmc.org/abstract/MED/25198966
http://dx.doi.org/10.1308/003588414X13946184903685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25198966&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e3181f380bc
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21063229&dopt=Abstract
http://dx.doi.org/10.1542/peds.111.1.6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12509547&dopt=Abstract
http://dx.doi.org/10.1007/s10643-019-00935-7
https://www.colorincolorado.org/article/tips-successful-parent-teacher-conferences-bilingual-families
https://www.colorincolorado.org/article/tips-successful-parent-teacher-conferences-bilingual-families
http://dx.doi.org/10.3109/10903127.2015.1102994
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26807873&dopt=Abstract
http://europepmc.org/abstract/MED/31095059
http://dx.doi.org/10.1097/MLR.0000000000001035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31095059&dopt=Abstract
https://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
https://diabetes.jmir.org/2017/1/e13/
http://dx.doi.org/10.2196/diabetes.7446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30291084&dopt=Abstract
http://www.cfp.ca/cgi/pmidlookup?view=long&pmid=23585608
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23585608&dopt=Abstract
https://doi.org/10.1002/nop2.13
http://dx.doi.org/10.1002/nop2.13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27708797&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


38. Turner AM, Dew KN, Desai L, Martin N, Kirchhoff K. Machine translation of public health materials from English to
Chinese: a feasibility study. JMIR Public Health Surveill 2015;1(2):e17 [FREE Full text] [doi: 10.2196/publichealth.4779]
[Medline: 27227135]

39. Zeng-Treitler Q, Kim H, Rosemblat G, Keselman A. Can multilingual machine translation help make medical record content
more comprehensible to patients? Stud Health Technol Inform 2010;160(Pt 1):73-77. [Medline: 20841653]

40. Patil S, Davies P. Use of Google Translate in medical communication: evaluation of accuracy. BMJ 2014 Dec 15;349:g7392
[FREE Full text] [doi: 10.1136/bmj.g7392] [Medline: 25512386]

41. Abujarad F, Vaca FE. Health tool for alcohol use disorders among Latinos in emergency department. Proc Int Symp Hum
Factors Ergon Healthc 2015 Jun;4(1):12-19 [FREE Full text] [doi: 10.1177/2327857915041005] [Medline: 26844234]

42. Nguyen-Lu N, Reide P, Yentis SM. ‘Do you have a stick in your mouth?’– use of Google Translate as an aid to anaesthetic
pre-assessment. Anaesthesia 2010;65(1):96-97. [doi: 10.1111/j.1365-2044.2009.06184_4.x]

43. Beh THK, Canty DJ. English and Mandarin translation using Google Translate software for pre-anaesthetic consultation.
Anaesth Intensive Care 2015 Nov;43(6):792-793 [FREE Full text] [Medline: 26603812]

44. Kaliyadan F, Gopinathan Pillai S. The use of Google language tools as an interpretation aid in cross-cultural doctor-patient
interaction: a pilot study. Inform Prim Care 2010;18(2):141-143 [FREE Full text] [doi: 10.14236/jhi.v18i2.764] [Medline:
21078237]

45. Butow PN, Goldstein D, Bell ML, Sze M, Aldridge LJ, Abdo S, et al. Interpretation in consultations with immigrant patients
with cancer: how accurate is it? J Clin Oncol 2011 Jul 10;29(20):2801-2807. [doi: 10.1200/JCO.2010.34.3335] [Medline:
21670462]

46. Nápoles AM, Santoyo-Olsson J, Karliner LS, Gregorich SE, Pérez-Stable EJ. Inaccurate language interpretation and its
clinical significance in the medical encounters of Spanish-speaking Latinos. Med Care 2015 Nov;53(11):940-947 [FREE
Full text] [doi: 10.1097/MLR.0000000000000422] [Medline: 26465121]

47. Ji X, Chow E, Abdelhamid K, Naumova D, Mate KK, Bergeron A, et al. Utility of mobile technology in medical
interpretation: A literature review of current practices. Patient Educ Couns 2021 Sep;104(9):2137-2145. [doi:
10.1016/j.pec.2021.02.019] [Medline: 33653659]

48. Khander A, Farag S, Chen KT. Identification and evaluation of medical translator mobile applications using an adapted
APPLICATIONS scoring system. Telemed J E Health 2018 Aug;24(8):594-603. [doi: 10.1089/tmj.2017.0150] [Medline:
29271702]

49. Brooke J. SUS - A quick and dirty usability scale. 1996. URL: https://digital.ahrq.gov/sites/default/files/docs/survey/
systemusabilityscale%2528sus%2529_comp%255B1%255D.pdf [accessed 2021-11-01]

50. Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth App Usability Questionnaire (MAUQ): development
and validation study. JMIR Mhealth Uhealth 2019 Apr 11;7(4):e11500 [FREE Full text] [doi: 10.2196/11500] [Medline:
30973342]

51. Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information technology: toward a unified view. MIS
Quarterly 2003;27(3):425. [doi: 10.2307/30036540]

52. van Someren MW, Barnard YF, Sandberg J. The Think Aloud Method: A Practical Guide to Modelling Cognitive Processes
(volume 12). Cambridge, MA: Academic Press; 1994.

53. Ericsson KA, Simon HA. Verbal reports as data. Psychol Rev 1980;87(3):215-251. [doi: 10.1037/0033-295x.87.3.215]
54. Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika 1951 Sep;16(3):297-334. [doi:

10.1007/bf02310555]
55. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:

10.1191/1478088706qp063oa]
56. Diamond LC, Schenker Y, Curry L, Bradley EH, Fernandez A. Getting by: underuse of interpreters by resident physicians.

J Gen Intern Med 2009 Feb;24(2):256-262 [FREE Full text] [doi: 10.1007/s11606-008-0875-7] [Medline: 19089503]
57. Matthews C, Johnson M, Noble C, Klinken A. Bilingual health communicators: role delineation issues. Aust Health Rev

2000;23(3):104-112. [doi: 10.1071/ah000104] [Medline: 11186042]
58. Sleptsova M, Hofer G, Morina N, Langewitz W. The role of the health care interpreter in a clinical setting--a narrative

review. J Community Health Nurs 2014;31(3):167-184. [doi: 10.1080/07370016.2014.926682] [Medline: 25051322]
59. Dysart-Gale D. Clinicians and medical interpreters: negotiating culturally appropriate care for patients with limited English

ability. Fam Community Health 2007;30(3):237-246. [doi: 10.1097/01.FCH.0000277766.62408.96] [Medline: 17563485]
60. Hsieh E. Interpreters as co-diagnosticians: overlapping roles and services between providers and interpreters. Soc Sci Med

2007 Feb;64(4):924-937. [doi: 10.1016/j.socscimed.2006.10.015] [Medline: 17126465]
61. Harden RM. What is a spiral curriculum? Med Teach 1999;21(2):141-143. [doi: 10.1080/01421599979752] [Medline:

21275727]
62. Freyne J, Bradford D, Pocock C, Silvera-Tawil D, Harrap K, Brinkmann S. Developing digital facilitation of assessments

in the absence of an interpreter: participatory design and feasibility evaluation with allied health groups. JMIR Form Res
2018 Jan 09;2(1):e1 [FREE Full text] [doi: 10.2196/formative.8032] [Medline: 30684405]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e31559 | p. 9https://mhealth.jmir.org/2021/12/e31559
(page number not for citation purposes)

Herrmann-Werner et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://publichealth.jmir.org/2015/2/e17/
http://dx.doi.org/10.2196/publichealth.4779
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27227135&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20841653&dopt=Abstract
http://www.bmj.com/lookup/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://europepmc.org/abstract/MED/26844234
http://dx.doi.org/10.1177/2327857915041005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26844234&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2044.2009.06184_4.x
https://aaic.net.au/PMID/26603812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26603812&dopt=Abstract
http://hijournal.bcs.org/index.php/jhi/article/view/764
http://dx.doi.org/10.14236/jhi.v18i2.764
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21078237&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2010.34.3335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21670462&dopt=Abstract
http://europepmc.org/abstract/MED/26465121
http://europepmc.org/abstract/MED/26465121
http://dx.doi.org/10.1097/MLR.0000000000000422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26465121&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2021.02.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33653659&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2017.0150
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29271702&dopt=Abstract
https://digital.ahrq.gov/sites/default/files/docs/survey/systemusabilityscale%2528sus%2529_comp%255B1%255D.pdf
https://digital.ahrq.gov/sites/default/files/docs/survey/systemusabilityscale%2528sus%2529_comp%255B1%255D.pdf
https://mhealth.jmir.org/2019/4/e11500/
http://dx.doi.org/10.2196/11500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30973342&dopt=Abstract
http://dx.doi.org/10.2307/30036540
http://dx.doi.org/10.1037/0033-295x.87.3.215
http://dx.doi.org/10.1007/bf02310555
http://dx.doi.org/10.1191/1478088706qp063oa
http://europepmc.org/abstract/MED/19089503
http://dx.doi.org/10.1007/s11606-008-0875-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19089503&dopt=Abstract
http://dx.doi.org/10.1071/ah000104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11186042&dopt=Abstract
http://dx.doi.org/10.1080/07370016.2014.926682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25051322&dopt=Abstract
http://dx.doi.org/10.1097/01.FCH.0000277766.62408.96
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17563485&dopt=Abstract
http://dx.doi.org/10.1016/j.socscimed.2006.10.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17126465&dopt=Abstract
http://dx.doi.org/10.1080/01421599979752
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21275727&dopt=Abstract
https://formative.jmir.org/2018/1/e1/
http://dx.doi.org/10.2196/formative.8032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30684405&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


63. Pugh M, Vetere A. Lost in translation: an interpretative phenomenological analysis of mental health professionals' experiences
of empathy in clinical work with an interpreter. Psychol Psychother 2009 Sep;82(Pt 3):305-321. [doi:
10.1348/147608308X397059] [Medline: 19208292]

64. Ettelaie E, Gandhe S, Georgiou P, Knight K, Marcu D, Narayanan S, et al. Transonics: A practical speech-to-speech
translator for English-Farsi medical dialogues. In: ACLdemo '05: Proceedings of the ACL 2005 on Interactive poster and
demonstration sessions. 2005 Presented at: ACL 2005 Interactive Poster and Demonstration session; June 25-30, 2005;
Ann Arbor, MI p. 89-92. [doi: 10.3115/1225753.1225776]

65. Kirchhoff K, Turner AM, Axelrod A, Saavedra F. Application of statistical machine translation to public health information:
a feasibility study. J Am Med Inform Assoc 2011;18(4):473-478 [FREE Full text] [doi: 10.1136/amiajnl-2011-000176]
[Medline: 21498805]

66. Schenker Y, Pérez-Stable EJ, Nickleach D, Karliner LS. Patterns of interpreter use for hospitalized patients with limited
English proficiency. J Gen Intern Med 2011 Jul;26(7):712-717 [FREE Full text] [doi: 10.1007/s11606-010-1619-z] [Medline:
21336672]

Abbreviations
HPI: history of present illness
LTA: language translation app
SP: standardized patient

Edited by G Eysenbach; submitted 25.06.21; peer-reviewed by M Lotto; comments to author 19.07.21; revised version received
11.08.21; accepted 25.08.21; published 02.12.21

Please cite as:
Herrmann-Werner A, Loda T, Zipfel S, Holderried M, Holderried F, Erschens R
Evaluation of a Language Translation App in an Undergraduate Medical Communication Course: Proof-of-Concept and Usability
Study
JMIR Mhealth Uhealth 2021;9(12):e31559
URL: https://mhealth.jmir.org/2021/12/e31559
doi: 10.2196/31559
PMID:

©Anne Herrmann-Werner, Teresa Loda, Stephan Zipfel, Martin Holderried, Friederike Holderried, Rebecca Erschens. Originally
published in JMIR mHealth and uHealth (https://mhealth.jmir.org), 02.12.2021. 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 JMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on https://mhealth.jmir.org/, as well as
this copyright and license information must be included.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 12 | e31559 | p. 10https://mhealth.jmir.org/2021/12/e31559
(page number not for citation purposes)

Herrmann-Werner et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1348/147608308X397059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19208292&dopt=Abstract
http://dx.doi.org/10.3115/1225753.1225776
http://europepmc.org/abstract/MED/21498805
http://dx.doi.org/10.1136/amiajnl-2011-000176
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21498805&dopt=Abstract
http://europepmc.org/abstract/MED/21336672
http://dx.doi.org/10.1007/s11606-010-1619-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21336672&dopt=Abstract
https://mhealth.jmir.org/2021/12/e31559
http://dx.doi.org/10.2196/31559
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

