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ABSTRACT

Ecological Momentary Assessment (EMA) is the method of
choice when hearing aid features are to be tested where they
are later used to compensate for hearing loss. However,
small performance differences detected in laboratory
settings are often not evident in EMA data. It then remains
unclear whether these differences are inconsequential in
real-life situations or whether they go undetected due to the
EMA design. After all, real-life listening is temporally
highly wvariable and often modified by self-acting
interventions such as volume change or prompting talkers
to speak louder. Such interventions may partially obscure
hearing problems or differences between hearing programs
in the EMA responses. A methodologically motivated
EMA study researches the effect of two different time
intervals on the assessment of real-life hearing experiences:
current situation vs. most difficult situation encountered in
the past 30 minutes. For this purpose, experienced hearing
aid users are fitted with devices that alternate between two
different programs A and B on a daily basis. The main
hypothesis is that the short-term retrospective surveys will
reveal a stronger contrast between programs A and B than
the surveys which refer to momentary situations. This
contribution reports preliminary findings from the ongoing
study.
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1. INTRODUCTION

In recent years, hearing aids have increasingly been
evaluated in real-life situations using ecological momentary
assessment (EMA) [1]. EMA encompasses a set of study
methods in which participants repeatedly report on their
perceptions and emotions, usually with reference to their
current situation. As a result, EMA is context-sensitive and
can indicate situations where particular hearing aid features
might be beneficial.

As the term already implies, experiencing and assessing
should ideally occur close in time. Accordingly, EMA
designs commonly allow only for a brief delay of a few
minutes [1]. As individuals can often readily modify their
acoustic  environment  when listening  becomes
uncomfortable [2], this approach may not effectively
capture challenging and adverse listening situations where
advanced hearing aid features can truly demonstrate their
full potential and strengths. For example, take a noisy
environment where an individual asks their conversation
partner to move to a quieter place early in the conversation.
This results in an improved listening environment that may
have a higher chance of being captured by random
sampling, possibly due to its longer duration compared to
other situations that are not as optimized.

Therefore, to increase the sensitivity of the EMA method in
detecting performance differences, it seems worth
considering to ask also about the immediate past, where
memory bias may not be overly detrimental. Moving
beyond the momentary and towards what we classify as a
variant of 'coverage EMA' [3, 4] offers further advantages,
such as allowing individuals to report on situations where
immediate reporting may not be appropriate due to factors
like safety, cognitive load or social norms [5].

With these considerations in mind, we set out to answer the
following main research question: Can surveying the most
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difficult situation in the preceding 30-minute time interval
increase the sensitivity of the EMA method in detecting
performance differences compared to surveying the current
situation only? We hypothesize that satisfaction ratings for
hearing aids will exhibit a greater contrast between the two
programs in short-term retrospective EMA data compared
to momentary EMA data.

To investigate this, we provided participants with hearing
aids with two installed programs - one basic program and
another program that had advanced features - for a duration
of two weeks. The programs alternated on a daily basis
without intervention by the participants, who were only able
to adjust the volume. As the study is still ongoing, this
contribution intends to present initial findings.

2. METHODS

2.1. Participants

Nine German speaking experienced (>3 year) hearing
aid users (8 male, 1 female), recruited from a volunteer
database, with mean age 70 years (sd: 9.3) with
moderate to moderately severe hearing loss participated
in the study. Their mean pure tone average in the
frequencies 0.5, 1, 2, and 4 kHz was 44 dB HL (sd: 12.8)
in the better and 50 dB HL (sd: 9.9) in the worse ear.
Participants gave written informed consent prior to the
study. The study was approved by the ethics committee
of Carl von Ossietzky University Oldenburg (Drs.
EK/2022/065).

2.2. Experimental procedure
2.2.1. First appointment

At the outset of the study, participants completed two
paper-based questionnaires, namely the HEARLI-Q [6] and
the AStra [7], at home. In the university’s soundproof
booth, a pure tone audiogram was conducted using a Unity
audiometer and HDA200 headphones. Subsequently, the
participants were fitted with Signia Pure 312 7AX hearing
aids with closed click sleeves, using the fitting formula
NAL-NL2 for experienced listeners. An own voice training
was performed, and the gain was fine-tuned according to
participants’ needs. The hearing aid fitting was verified and
validated with in-situ measurements and a speech test. Two
hearing programs were configured, differing in adaptive
directionality and noise reduction, hereinafter referred to as
basic and advanced.

Additionally, participants were provided with a Galaxy S20
smartphone (Android 11) with a preinstalled EMA app.
Hearing aids were connected to the app via Bluetooth.
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Together with the study lead, participants configured a Do-
Not-Disturb (DND) time for their regular sleeping hours.
They also had the option to adjust this DND time or
configure additional, shorter DND periods throughout the
study.

2.2.2. EMA field trial

During the two-week field trial, the hearing program was
scheduled to alternate each day at 4 am or whenever the
Bluetooth connection between hearing aid and smartphone
was re-established afterwards. Participants had no control
over the hearing program; however, they could use the
EMA app to adjust the volume of the hearing aids. Six
times per day, they received a random prompt to complete a
survey which expired after 3 minutes. Participants could
initiate a survey at any time and were encouraged to do so
when they were dissatisfied with their hearing experience in
any way. Following a survey, there was a 45-minute
refractory period during which no further prompts were
issued.

2.2.3. Questionnaire

The questionnaire consisted of two parts: In the first part,
participants were asked about their mood, the current
environment they were in, which was broadly categorized
into home, mobility, society, work, and other, the listening
task using the Common Sound Scenarios scheme [8], and
their overall listening experience quality including hearing
aid satisfaction, sound quality, and listening effort using 7-
point categorical scales. Next, participants were asked if the
listening situation or their experience of it had changed
within the last 30 minutes. If so, they completed a second
part of the questionnaire, which focused on the worst
listening experience in the last 30 minutes. If they were
unable to choose between different situations, they were
instructed to select the most recent one. The same set of
questions as in the first part of the questionnaire were then
posed for this situation. Additionally, participants were
asked if answering the survey would have been possible in
that situation, whether they tried to alter the listening
situation in any way, and to what extent they were bothered
by doing so.

The present preliminary analysis concentrates on the
environments in which surveys were taken and the ratings
of hearing aid satisfaction. The corresponding item in the
momentary and retrospective sections of the questionnaire
read: "How satisfied are you with the hearing aids in this
situation?" and "How satisfied were you with the hearing
aids in this situation?" respectively. The following response
options were provided: very satisfied / satisfied / somewhat
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satisfied / neutral / somewhat dissatisfied / dissatisfied /
very dissatisfied.

2.2.4. Second appointment

During the second appointment, participants returned the
equipment and completed a shortened version of the
HEARLI-Q and AStra, which specifically focused on the
study hearing aids. Moreover, a standardized exit interview
was conducted, inquiring about the study's burden, clarity of
the tasks, and the quality of the study hearing aids
compared to the participants' personal hearing aids.

2.3. Analysis

In this interim analysis, only descriptive analyses were
conducted. Percentages and means were calculated for each
study participant separately and then aggregated across the
group. Regarding the ratings of hearing aid satisfaction,
three variables are to be distinguished:

« momsS: satisfaction in the current situation

* retroS: satisfaction in the most difficult situation
during the previous 30 minutes. If no situational or
perceptual change was reported, the ratings were
assumed to be identical to the current ratings.

* md30S: satisfaction in the most difficult situation
during the previous 30 minutes (excluding ratings for
the current situation)

The variable retroS was created from raw data and includes
direct inputs from participants when a different situation or
perception was evaluated than the current situation
(md30S), complemented by values from momS when
participants indicated that the situation or perception had
remained unchanged in the past 30 minutes. Thus, momS
and retroS variables encompass the same number of valid
values. Analogously, the listening environments were
labeled as momEnv when referring to current situations and
md30Env when referring to the most difficult situation in
the preceding 30 minutes.

RESULTS

A total of 768 questionnaires were filled out by the
participants, with 45 being incomplete, resulting in 723
questionnaires available for analysis. Of these, 48.5% were
submitted after prompting, and 51.5% were self-initiated.
On average, 80 (sd 15.9) questionnaires were completed by
each study participant. In 124 surveys, participants reported
a change in their situation or perception in the previous 30
minutes, which corresponds to a proportion of 17.2% and in

28 surveys, the participants made efforts to change or
improve their hearing situation.

md30Env

momEnv

BHome WMmobility EEsociety Ework  EOther

Figure 1. Distribution of current environments
(momEnv) and the environments of the most difficult
situation in the 30-min recall period (md30Env).

The distribution of environments is shown in Figure 1.
Among current environments, some dominated with an
average of 62%, followed by 20% mobility and only 6% for
society. In contrast, only 19% of the most difficult
situations in the 30-minute retrospective recall referred to
environments, while 51% referred to mobility and 15% to
society.

Figure 2 displays the categorical distribution of ratings for
hearing aid satisfaction for momsS, retroS, and md30S for
both hearing aid programs. At first glance, the data
distribution appears similar, particularly with regards to the
low contrast observed between the auditory programs
across all recall periods. When considering only the surveys
reporting a change in situation or perception during the
previous 30 minutes (md30S), a small difference in
satisfaction with the hearing programs is apparent in the
empirical data. The proportion of the highest category "very
satisfied" was about twice as high for the advanced program
compared to the basic program. Given the relatively small
proportion of surveys reporting situational or perceptual
changes within the preceding 30-min recall period, the
differences disappear in the complemented variable retroS.

DISCUSSION

Empirical results indicate that the short-term
retrospective assessment resulted in a similar contrast in
satisfaction ratings for both hearing aid programs, as
compared to the strictly momentary assessment. This
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suggests a potential trend that does not support the main
hypothesis. However, it is important to note that the
sample size in the current study is still too small to draw
definitive conclusions, thus caution is advised in
interpreting these preliminary results.

momS retroS md30S

Percent

basic  advanced basic  advanced basic  advanced

very .somewhat .somewhat very
satisfied satisfied dissatisfied dissatisfied
Msatisfied  Clneutral Mdissatisfied

Figure 1. Satisfaction with the basic versus the
advanced hearing aid program in the current hearing
situation (momsS), in the most difficult situation during
the 30-minute recall period including surveys
reporting no situational change (retroS), and in the
most difficult situation during the 30-minute recall
period after situational change (md30S).

A change in situation or perception was reported only in
about 17% of the surveys. The situations described
retrospectively included a larger proportion of mobility
and societal environments than those in momentary
assessment. This finding supports observations from
previous EMA studies conducted by our research group,
which have indicated that these types of situations are to
some extent associated with delayed assessment, and that
more complex social situations may be underrepresented
when using a strictly momentary sampling design [5, 9].
At this point, we are unable to determine whether the
proportion of 17% changes in the previous 30 minutes
observed here are accurate or may underestimate the true
occurrence. Because a shorter version of the
questionnaire was offered if the situation did not change,
it is possible that some participants intentionally or
unintentionally overlooked existing differences. On the
other hand, the study participants were highly motivated
to support research.

Nonetheless, the design of the EMA questionnaire is
admittedly challenging, as it requires a two-stage
decision-making process. After participants describe and
evaluate their current hearing situation, they must then
recapitulate the past 30 minutes with regard to any
changes in situation or perception before selecting the
relatively most difficult situation. In the exit interview,
although all participants found the study's task clear and
understandable, the answers to the question of how easy
or difficult it was for them to distinguish between the
current and retrospective evaluation were less clear-cut:
easy (n=1), rather easy (n=3), difficult (n=4), and very
difficult (n=1). It remains unclear whether mandating the
second part of the survey would have led to more reports
of situational changes. However, it is likely that such a
requirement would have imposed an increased burden on
participants and possibly led to demotivation.

To conclude, the preliminary results suggest that
providing participants with the option to report their
most challenging situation from the past 30 minutes only
generates a small number of additional ratings. While
they cover different environments than strictly
momentary ratings, they do not seem to substantially
enhance the contrast between the evaluated hearing
programs.

ACKNOWLEDGMENTS

We would like to thank Veeresh Rudresh for
preprocessing the data, all colleagues who contributed to
the development and maintenance of the EMA app, and
Patricia Fiirstenberg for fitting the hearing aids and
assisting with data collection. The work was supported
with funds from the governmental funding initiative
zukunft.niedersachsen of the Volkswagen Foundation,
project "Data-driven health (DEAL)”.

REFERENCES

[1] L Holube, P. von Gablenz, J. Bitzer, “Ecological
Momentary Assessment in Hearing Research: Current
State, Challenges, and Future Directions,” Ear and
Hearing, vol. 41, pp. 79S-90S, 2020.

[2] I Borschke, T. Jiirgens, N. Schinkel-Bielefeld, “How
individuals shape their acoustic environment -
implications for hearing aid comparison in ecological
momentary assessment,” Manuscript submitted for
publication, 2022.

10" Convention of the European Acoustics Association
Turin, Italy « 11 — 15" September 2023 « Politecnico di Torino

2410




(3]

(4]

(5]

[6]

[7]

(8]

(%]

forumacusticum 2023

S. Shiffman, A.A. Stone, M.R. Hufford, “Ecological
momentary assessment,” Annual Review of Clinical
Psychology, vol. 4, pp. 1-32, 2008.

A.A. Stone, S. Schneider, J.M. Smyth, “Evaluation of
Pressing  Issues in  Ecological Momentary
Assessment,” Annual Review of Clinical Psychology,
vol. 19, pp. 1-25, 2023.

N. Schinkel-Bielefeld, P. Kunz, A, Zutz, B. Buder,
“Evaluation of Hearing Aids in Everyday Life Using
Ecological Momentary Assessment: What Situations
Are We Missing?” American Journal of Audiology,
vol. 29(3S), pp. 591-609, 2020.

D. Lelic, F. Wolters, P. Herrlin, K. Smeds,
“Assessment of Hearing-Related Lifestyle Based on
the Common Sound Scenarios Framework,” American
Journal of Audiology, pp. 1299-1311, 2022.

R.-L. Fischer, S. Schmitt-Riith, S. Sczogiel, L. Graber,
B. Williger, ,,Adaptive strategies as indicators of
successful ageing with hearing loss — A factor analysis
approach based on the hearing-related application of
the SOC model," Poster on the 16" Congress of the
European  Federation auf Audiology Societies
(Sibenik, Croatia), 2023.

F. Wolters, K. Smeds, E. Schmidt, E.K. Christensen,
C. Norup, “Common sound scenarios: A context-
driven categorization of everyday sound environments
for application in hearing-device research,” Journal of
the American Academy of Audiology, vol. 27, 7, pp.
527-540, 2016.

P. von Gablenz, U. Kowalk, J. Bitzer, M. Meis, I.
Holube, ,,Individual hearing aid benefit in real life
evaluated using ecological momentary assessment,”
Trends in Hearing, vol. 25, pp. 1-18, 2021.

10" Convention of the European Acoustics Association
Turin, Italy « 11 — 15" September 2023 « Politecnico di Torino

2411




