Short Report

Feasibility of objective speech intelligibility tests in

Ecological Momentary Assessment

Durchfuhrbarkeit objektiver Sprachverstandlichkeitstests im Rahmen

des Ecological Momentary Assessment

Abstract

When using Ecological Momentary Assessment (EMA) to evaluate
hearing problems in real life, typically only subjective speech understand-
ing is assessed. This, however, is highly dependent on factors such as
lip reading or speech context. Hence it could be beneficial to also include
an objective speech intelligibility test in EMA. In this pilot study, objective
speech intelligibility in everyday life was assessed with ten experienced
hearing aid users over a period of 14 days as an optional task within
EMA evaluating two hearing programs. We found that participants per-
formed the objective speech intelligibility test on average in 94% of all
EMA surveys in a variety of different acoustic situations.
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Zusammenfassung

Die Methode des Ecological Momentary Assessments (EMA) zur Bewer-
tung von Hoérproblemen im Alltag erfasst Ublicherweise nur subjektive
Sprachverstandlichkeit. Diese hangt jedoch von Faktoren wie Lippen-
lesen und Sprachkontext ab. Deshalb kann es hilfreich sein, auch die
objektive Sprachverstandlichkeit zu evaluieren. In dieser Studie wurde
die objektive Sprachverstandlichkeit im Alltag mit zehn erfahrenen
Horgeratetragern in einer EMA-Pilotstudie Uber einen Zeitraum von
14 Tagen ermittelt. Probanden fuhrten den optionalen Sprachverstand-
lichkeitstest im Schnitt flir 94% aller Fragebdgen und in sehr unterschied-
lichen akustischen Situationen aus.

Schliisselworter: Ecological Momentary Assessment,
Sprachverstandnistest, Phonemtest, Horgerateevaluation, realitdtsnaher
Test
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1 Introduction

Hearing aid (HA) benefit is often evaluated using objective
speech intelligibility tests during the fitting procedure.
These tests are conducted in the laboratory or in a sound-
insulated room either in quiet or in noise. The problem is
that these isolated situations do hardly reflect real-life
situations and are therefore only representative of real
life to a limited extent. In everyday life HA benefit is usu-
ally assessed by retrospective questionnaires or by
Ecological Momentary Assessments (EMA) comprising
only subjective questions. However, questions in EMA
about subjective speech understanding may be greatly
influenced by the ability to lip read or the predictability
of the spoken words from the context. Hence a measure
for objective speech intelligibility in the typical environ-
ment of the HA users would be useful. However, such a
speech intelligibility test possibly poses an even bigger
burden on the participant than the usual EMA survey,
because speech intelligibility testing may not be appropri-
ate to conduct in some everyday situations. Hence the
aim of this study is to analyze whether a speech intelligi-
bility test can be integrated into everyday life and is car-
ried out by the participants.

1.1 Methods

Ten native German-speaking experienced hearing aid
users (mean age 69.7+11.1 years, 40.3+21.5 dB PTA)
with symmetrical, moderate to severe hearing loss
participated in the study. The study was approved by the
Ethics Committee of the Friedrich-Alexander-Universitat
Erlangen-NUrnberg (23 May 2023, application 23-165-B).
All participants gave written informed consent before the
start of the study. The study lasted 18 days, with four
days for acclimatisation to the new HAs and 14 days for
the EMA field trial itself. There was one appointment at
WS Audiology at the beginning and one at the end of the
study. During the first appointment, Signia Pure 312 7AX
HAs were fitted to the individual hearing loss with NAL-
NL2 (including own voice training and fine-tuning) and
paired with a smartphone (Samsung Galaxy S20). After
fine-tuning, a second program was configured with a 6 dB
gain reduction from 0.5 to 4 kHz. In the laboratory, three
different speech intelligibility tests were carried out:
(1) a logatome test streamed to the HAs, which was also
used during the field trials, (2) the logatome test via free
field, and (3) the Freiburg monosyllabic test via free field.
Hearing programs alternated every day automatically with
switching every night. During the field trial participants
received up to ten notifications per day via the EMA app
in which they were asked to complete a questionnaire
followed by the optional logatome test. Six of the notifi-
cations were randomized throughout the day and up to
four were triggered by ambient volume >0 dB SPL and
>40% speech content of the environment. Objective data
of the environment as determined by the hearing aid
classifier was also collected for each minute of the study
period (see [1] for more details). Skipping the logatome

test was possible by giving a reason. The questionnaire
included questions about the environment and subjective
speech understanding in order to determine whether the
subjective speech understanding perceived in the situ-
ation correlated to the objective speech intelligibility. The
questionnaire consisted of up to 22 questions and the
speech intelligibility test with twelve logatomes (see
https://osf.io/wxq5s/ for the full list of questions). The
speech intelligibility test was included in the questionnaire
within the same app and the participants had a single
choice option from 5 possible response options after
playing the sound file without getting feedback about
their response. At the beginning of the study participants
adjusted the sound pressure level of the streamed log-
atomes to a comfortable volume, which was then kept
constant throughout the study. The logatomes consisted

U1 1

of vowel-consonant-vowel utterances with either “a”, “e

or “i” as embedding vowels. For each test there was a
random selection (without replacement) of four phonemes
from each vowel context. The audio files of the logatome
test were recorded by Bellanova [2] and had been used
previously in auditory training with the Schoolo method

[3]. Here we chose the female speaker and the conso-

nants /b/ /d/ /&/ /o/ /Y /K/ /x¢/ /T /1) /w/ /m/ /n/
/i1 V7

2 Results
2.1 Feasibility in everyday life

In total 1,131 questionnaires were completed during the
study. Of those, 44.7% (505) were initiated by the user,
and 55.4% (626) were triggered randomly or due to the
acoustic situation. The objective speech intelligibility test
was performed in 94.9% of the self-initiated question-
naires, in 93.1% of the random trigger questionnaires,
and in 92.5% of the surveys that were triggered by the
acoustic situation. Additionally, 43 questionnaires were
started but not completed. From those, only 6 were pre-
maturely aborted logatome tests. Figure 1 shows the
distribution of the questionnaires across the participants.
In the upper panel, blue parts are questionnaires in which
the logatome test was performed, and orange parts are
questionnaires with skipped logatome test. The lower
panel shows the distribution across the different situ-
ations during which the EMA was done. While 37.5% of
questionnaires were answered when participants were
not actively listening to something, 25.4% were filled out
during conversation and 25.0% while the radio or TV was
playing.

For objective data on the situation, Figure 2 compares
the distribution of situations during the whole study
period and during the logatome tests. While there were
slightly more surveys and logatome tests performed in
quiet, all classifier situations are represented during the
logatome test.
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Figure 1: Amount of (top) and subjectively indicated type of (bottom) situations during the logatome test

Il speech in quiet [ Inoise [car
I speech in noise M music [ quiet

_studyQR studyQR studyQR studyQR studyQR

100 %

75 %

percent categories

50 %

25 %

0%

studyQR studyQR studyQR studyQR studyQR studyQR

6 7 8 9 10
participants

mean

Figure 2: Distribution of situations according to the hearing aid situation classifier across the entire study duration (left bar for
each participant) and during the questionnaire and logatome test (right bar)

2.2 Duration

Figure 3 shows the time taken for each questionnaire
and logatome test. The questionnaire had a median du-
ration of 160 (IQR 129-201) seconds and the logatome
test of 67 (IQR 63-74) seconds.

3 Discussion

An average of 93.8% of logatome tests carried out indi-
cates that a speech intelligibility test can be integrated
into everyday life. If participant 2 was removed from the
evaluation (because he skipped the logatome test when

he thought the situation had already been evaluated),
the average percentage of logatome tests performed is
97.4%. The average time required for the questionnaire
including the logatome test of just over 3 minutes is in
line with the suggested time frame for EMA surveys of
Stone and Shiffman [4].

This was a pilot study with only ten participants recruited
from a database of regular test participants which are
likely more motivated and willing to perform tests in
everyday life than the average hearing aid user. Future
studies should verify results with a larger, more hetero-
geneous subject sample. Here we opted for 12 logatomes
per test to keep the test short and the burden low. This
resulted in an 8.3% quantization step of scores in each
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Figure 3: Boxplot of the duration of the questionnaire in total (upper plot) and the logatome test only (lower plot)
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test and tests needed to be pooled over several situations
to reach a better resolution. It remains an open question
if a longer or more difficult test is feasible as well.

4 Conclusion

Our pilot study suggests that an objective speech intelli-
gibility test can be performed in everyday life within an
EMA study and is completed in a variety of situations.
Further research is necessary to determine the optimal
length and difficulty of the test.

Notes

Conference presentation

This contribution was presented at the 26" Annual Con-
ference of the German Society of Audiology and published
as an abstract [5].
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