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Abstract

Objective. The development of health applications (apps)
includes those for testing hearing, although most of them are
available only in English. This study investigates whether poor
English language proficiency creates a barrier for Polish users
in the accuracy of such an app in measuring self-determined
hearing thresholds.

Study Design. The study compared hearing thresholds
measured by an English-language app and a professionally
conducted reference test, with attention to participants'
English proficiency and age.

Setting. The English-language app “Hearing test,
Audiogram,” was used to determine hearing thresholds. A
reference test was performed by an audiologist using
specialized equipment.

Methods. Participants were 87 nonnative English language
speakers aged |6 to 88. They were divided into 3 groups
based on their proficiency in English: no knowledge
(Group 1), basic (Group 2), and advanced (Group 3).
The mean differences between hearing thresholds deter-
mined using the app and the reference tests were
measured for each group.

Results. The accuracy of the results varied according to the
level of English proficiency. A statistically significant
difference was found between Group | (no knowledge)
and Group 3 (advanced), with mean differences of 13.6, 9.3,
and 6.7dB for Groups |, 2, and 3, respectively, meaning
that discrepancies were larger in the less proficient groups.
However, when participant age was considered, language
proficiency was less important and was no longer a
significant factor.

Conclusion. This study revealed that English language profi-
ciency does affect the accuracy of mobile app-based hearing
tests, but age of the user is also important.
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he increasing prevalence of mobile applications

(apps) has meant they are now extensively used in

both everyday life and medical research.! Some
apps are designed to test hearing, acting like an
audiometric examination based on pure tones or speech.?
Examples include “uHear,” “Hearing Test,” and “Hearing
Test, Audiogram”.>* These apps allow users to monitor
their own hearing status, which is useful in home settings
or where access to specialist services is limited.’

One challenge with using apps to test hearing is a
possible linguistic barrier. The majority of hearing test
apps have been developed in English,” which can present
difficulties for those who are not fluent in this language.
Another factor that can limit the accuracy of app-based
tests is the age of the user. Older people tend to have more
problems with vision, motor coordination, and facility
with mobile devices, and these may impair the accuracy of
the results.®’

Although mobile apps have great potential for self-
monitoring hearing, it is still not clear whether non-
English speaking users can operate them effectively.
Studies to date have largely considered users who are
fluent in English.>'° Consequently, further investigation
is required to ascertain the impact of linguistic barriers on
the accuracy of the results obtained.

The objective of this study was to ascertain whether
Polish-speaking individuals can effectively use an English-
language hearing assessment app, considering that Polish-
language apps are rarely available. Additionally, the
study aimed to determine whether the level of English
proficiency affects the accuracy of results obtained using
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mobile apps. The study did so by determining the
differences between tests using the app and the results
from a reference test conducted by an audiologist. It also
looked at another factor, age, that might affect the
accuracy of results.

Methods
Study Procedure

The study used 2 methods to assess hearing: first, a self-
administered test via a mobile app and then a reference
test conducted by an audiologist. The tests were always
done in this order to mirror real-world conditions and
circumvent any potential “learning effect”. Both tests
were performed during a single session. Before the self-
administered test, each participant received written
instructions, in Polish, on how to complete the hearing
test using the mobile app. The app was installed on the
participant's mobile device. If they did not have an
Android smartphone or headphones, the researcher
provided the necessary equipment.

After completing the tests, participants filled out a
survey that collected demographic data, including age and
sex. The survey also included a closed-ended question about
their English language proficiency. This question required
participants to provide a subjective assessment of their own
language skills, and, based on the responses, participants
were categorized into 3 groups: no knowledge, basic
knowledge, and advanced knowledge of English.

Hearing Tests

Mobile App

The app “Hearing Test, Audiogram” was used for the
study. It was chosen based on the following criteria: free
access, available on Android, and ability to determine the
hearing threshold separately for each ear. The app uses
tonal stimuli for frequencies of 125, 250, 500, 1000, 2000,
3000, 4000, and 8000 Hz over a sound intensity range of 0
to 90 dB. During the test, the subject is presented with a
continuous tone of increasing intensity, and the result is
recorded upon pressing the smartphone screen.

The results are presented in the form of an audiogram
for each ear separately. In accordance with the obtained
results, the app automatically categorizes the degree of
hearing loss and provides a concise description of it. The
app enables the user to compare the results with the age
standard.

In accordance with the instructions provided by the
manufacturer, calibration of the app is not required.
Testing was carried out on Android mobile devices using
the associated headphones.

Reference Test

The reference test was conducted by an audiologist using
the Sense Examination Platform and Sennheiser HDA200

headphones.“ Hearing thresholds for 250, 500, 750, 1000,
1500, 2000, 3000, 4000, 6000, and 8000 Hz were determined
using the modified Hughson-Westlake procedure.'”
Sounds were presented at levels from 0 to 80dB HL, and
the hearing threshold was determined when 2 of 3 correct
responses were obtained at a given intensity.

Study Sample

We performed a power analysis to determine the
necessary sample size for our study, specifically for the
analysis of variance (ANOVA) analysis. We assumed a
large effect size (0.4), reflecting a strong relationship
between the variables being studied. Based on this
requirement, we calculated that a total sample size of
N =66 participants was needed to adequately power the
study. To ensure the robustness and reliability of the
results, we recruited a larger sample of participants,
exceeding the minimum requirement of 66. This allowed
us to take into account possible exclusion of subjects
while still retaining adequate power.

Participants

The study was comprised of Polish volunteers from the
community aged 16 years and older. All were non-native
English language speakers. We excluded those who didn't
have enough free time, didn't want to install the app on
their mobile device, or were uncooperative. A total of 91
individuals were subjected to testing, of whom 4 were later
excluded, resulting in a final group of 87 participants. The
study group comprised 58 women and 29 men, with ages
ranging from 16 to 88 years (mean age 48.7 years,
SD =20.2). Participants were divided into 3 groups based
on their proficiency in English: Group 1, no knowledge
(43 participants); Group 2, basic (24 participants); and
Group 3, advanced (20 participants).

Ethical Considerations

Prior to the study, all subjects were informed about its
nature. Informed consent was obtained from all partici-
pants. The study was conducted in accordance with the
guidelines of the Declaration of Helsinki and was
approved by the Ethics Committee of the Institute of
Physiology and Pathology of Hearing (consent no.
KB.IFPS 3/2023).

Statistical Analysis

In order to evaluate accuracy of the results, the absolute
discrepancies between the hearing thresholds determined
with the app and the results of the reference test were
calculated for each of the 7 common frequencies: 250,
500, 1000, 2000, 3000, 4000, and 8000 Hz. From these
differences, an overall discrepancy index was calculated
for both ears combined, representing the average differ-
ence in decibels. Smaller values between the results
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obtained from the app and the reference test indicate a
more accurate test.

A one-way ANOVA was used to assess differences
between groups of participants, by level of English
proficiency. This was followed by an analysis of
covariance (ANCOVA) in which the age of participants
was included as a covariate. A significance level of P <.05
was adopted. Analyses were performed using IBM SPSS
Statistics software (version 24).

Results

The largest discrepancy between the results of the self-
administered hearing test and the reference hearing test was
observed in the group with no knowledge of English.
Discrepancies ranged from 4.3 to 61.1 dB, with an average
of 13.6dB (SD=11.0). In contrast, the group with basic
proficiency in English showed smaller discrepancies, ranging
from 4.3 to 18.1 dB, with an average of 9.3dB (SD = 3.8).
The most consistent results were found in the group with
advanced proficiency in English, where discrepancies ranged
from 1.8 to 21.1 dB, with an average of 6.7dB (SD =4.4).
The discrepancy between the results of the self-
administered and reference hearing tests across the 3 groups
was compared using an ANOVA test. The effect of English
proficiency was statistically significant: F(2, 84) = 5.31;
P=.007; n””=0.11, and a post hoc test revealed that the

difference between the first and third groups was statistically
significant (P =.008). This indicates that the results
obtained by subjects with no knowledge of English were
significantly less consistent than those obtained by subjects
with advanced proficiency in English.

In addition, we decided to test whether or not the
significant effect of English proficiency was confounded
by participant age. The results of the ANCOVA showed
that this was indeed the case. The effect of English
proficiency was not statistically significant after control-
ling for the effect of participant age, F(2,83)=2.06;
P =.133. Previously found differences between groups
became statistically nonsignificant. This means that when
participants with different levels of English proficiency
are of similar age, they have a similar discrepancy
between the results of the self-administered and reference
hearing tests.

Figure | shows the relationship between age, English
proficiency and discrepancy between the results of the
self-administered and reference hearing tests.

The correlation between English proficiency and
discrepancy between the results of the self-administered
and reference hearing tests English proficiency was
positive and moderate, rho =0.41 (P <.001). The correla-
tion between age and discrepancy between the results of
the self-administered and reference hearing tests was also
positive but slightly stronger, rho=0.49 (P<.001). It
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Figure I. Relationship between age, English proficiency and discrepancy between the results of the self-administered and reference hearing

tests.
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shows that as age increases, the discrepancy between the
results of both tests also tends to increase.

Discussion

The findings of the present study suggest that while
English proficiency does have some effect on the accuracy
of mobile hearing test apps, this factor is not as crucial as
initially assumed. The results indicate that participants
with advanced English proficiency showed slightly more
consistent results (about 5 dB compared to those with no
knowledge of English); however, this effect diminished
when the age of the participants was taken into account.
Thus, age also appears to be a significant factor in
determining the accuracy of these measurements.
Although English proficiency may contribute to more
accurate self-administered hearing test results, it is not the
primary determinant when age is considered. This high-
lights the importance of accounting for age when
interpreting the outcomes of mobile hearing tests, rather
than emphasizing the role of language proficiency alone.

There are many studies available in the literature that
focus on evaluating the sensitivity and specificity of
hearing screening tests using mobile apps. However, the
majority of these studies were conducted in controlled
settings, with the tests being administered by the
researcher or participants after prior training'*'” or
comprehensive familiarization with the instructions.”'® 2
Such approaches do not necessarily reflect the realities of
using mobile apps in everyday life. For example, Whitton
et al®' applied a different methodology, which led to
different results, finding that neither participant age nor
ownership of a tablet significantly impacted the accuracy
of hearing tests performed using a mobile app in a home
setting.

Moreover, in a number of studies on mobile hearing
test apps, lack of English language skills was an exclusion
criterion®!° or the tests were conducted with the help of a
translator.'® It is possible that both these approaches may
have affected the accuracy of the results obtained,
although this has not been sufficiently addressed in the
literature. To the best of our knowledge, the present study
is one of the first to investigate the effect of language
competence and age on the accuracy of results obtained
during self-testing of hearing using a mobile app.

The impact of linguistic competence has only been
considered in studies that have used verbal tests. The
results show that non-native speakers perform worse
compared to speakers that are fluent in English.*>?*
When considering English proficiency in terms of the
ability to independently determine hearing thresholds, it is
relevant to examine the work of Rourke and colleagues,*
who showed that children were able to intuitively under-
stand and perform tests despite a lack of language
proficiency. However, Rourke and colleagues did not
assess the extent to which this ability translated into test
accuracy. Likewise, a limitation of our study is that we

did not objectively verify participants' English proficiency,
relying instead on self-reported language skills, and this
could have introduced some bias.

Our findings indicate that difficulties in understanding
commands from apps, and consequently the accuracy of
the results, are more closely associated with the age of users
than with their linguistic proficiency. Older users often face
manual difficulties, such as impaired precision of move-
ments, reduced motor skills, or impaired vision, which may
hinder the use of touch interfaces and affect the correct use
of mobile devices.”>” Such issues may lead to greater
discrepancies between app-based scores and reference
scores, which could ultimately result in lower accuracy.

Conclusion

Although English proficiency affects the accuracy of
results in mobile hearing tests, our findings indicate that
age is also a decisive factor, diminishing the importance of
language skills. Therefore, when selecting a hearing test
app, it is essential to consider the specific characteristics
of the user. Particularly, the interface should be adapted
to meet the needs of older individuals by ensuring it is
intuitive and easy to use. This adaptation may be more
crucial than ensuring the app's language compatibility
with the user's native language.
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