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Abstract

Ecological momentary assessment (EMA) was used in 24 adults with mild-to-moderate hearing loss who were seeking first
hearing-aid (HA) fitting or HA renewal. At two stages in the aural rehabilitation process, just before HA fitting and after an
average 3-month HA adjustment period, the participants used a smartphone-based EMA system for 3 to 4 days. A ques-
tionnaire app allowed for the description of the environmental context as well as assessments of various hearing-related
dimensions and of well-being. In total, 2,042 surveys were collected. The main objectives of the analysis were threefold: First,
describing the “auditory reality” of future and experienced HA users; second, examining the effects of HA fitting for
individual participants, as well as for the subgroup of first-time HA-users; and third, reviewing whether the EMA data
collected in the unaided condition predicted who ultimately decided for or against permanent HA use. The participants
reported hearing-related disabilities across the full range of daily listening tasks, but communication events took the largest
share. The effect of the HA intervention was small in experienced HA users. Generally, much larger changes and larger
interindividual differences were observed in first-time compared with experienced HA users in all hearing-related dimen-
sions. Changes were not correlated with hearing loss or with the duration of the HA adjustment period. EMA data collected
in the unaided condition did not predict the cancelation of HA fitting. The study showed that EMA is feasible in a general
population of HA candidates for establishing individual and multidimensional profiles of real-life hearing experiences.
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Introduction with a maximum degree of individualization. Stone

The overall goal of any hearing-aid (HA) fitting is to ¢t al. (2007) defined EMA as “real-time collection of
enhance hearing experiences and the associated data about momentary states, collected in the natural
hearing-related quality of life. Standardized laboratory epvironment, with multip.le repeated assessments over
measurements cannot represent the “auditory reality” of ~ ime” (p. 3). The technical developments of recent
an individual, which Noble (2008) defined as “a product years hav? promoted the use of this methofi and led to
of the person’s engagement with the world plus what the EMA being understood as an electronically based
world provides” (p. 118). As laboratory tests only give
limited information about the extent to which rehabili-
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collection of real-world and real-time outcome data.
After Galvez et al. (2012) had shown the applicability
of EMA in hearing research, a number of EMA projects
using high-tech devices were conducted. To name but a
few, Hasan et al. (2014) described the auditory reality of
HA users; Wu et al. (2018) examined the performance of
HA features, and Probst et al. (2017) studied time-of-day
changes of tinnitus loudness and tinnitus distress. Most
recently, Burke and Naylor (2020) studied fatigue in
hearing-impaired adults using EMA. A detailed over-
view of the use of EMA in hearing research is given in
the review by Holube et al. (2020).

This EMA study involved 24 adults who came to HA
acousticians. They used a smartphone-based EMA
device for several days at two milestones of the aural
rehabilitation process, before HA fitting and after an
average 3-month HA adjustment period. On the basis
of about 2,000 surveys, this article describes the auditory
reality of adults on the cusp of HA uptake and examines
the change in real-life hearing experiences following HA
fitting.

Two previous studies are of particular interest in this
context. Over three data-collection periods, Timmer
et al. (2018) used EMA to investigate the effect of HA
amplification in ten participants that had mild-to-
moderate hearing loss. More specifically, EMA data
were collected for 1 week without HA (baseline phase),
2 weeks with HA (intervention phase), and again 1 week
without HA (withdrawal phase). The participants had
no previous amplification experience, but were familiar
with the research method, having already volunteered
for an earlier EMA study. Timmer et al. (2018) found
considerable interindividual differences in reported
speech intelligibility and reported listening effort, with
listening effort being possibly a better indicator for hear-
ing difficulties in challenging listening situations than
speech intelligibility.

The second research work of particular interest for
this study addressed conceptual topics of real-world lis-
tening situations. Wolters et al. (2016) established the
three-level framework Common Sound Scenarios
(CoSS) to categorize auditory reality. Specifically,
CoSS allows for differentiating everyday hearing experi-
ences according to listening intentions and tasks. It was
applied by Jensen et al. (2019) for evaluating auditory
reality and HA use and by Smeds et al. (2019) for the
development of a more realistic laboratory test
procedure.

As sample sizes are still small in EMA hearing studies,
replicative and collaborative approaches are recom-
mended. We therefore converted our EMA app catego-
ries to the CoSS classification to facilitate the
comparison of results.

In concrete terms, the following research questions
are addressed:

1. Which listening intentions, tasks, and hearing-related
disabilities characterize the auditory reality of adults
seeking HA fitting?

2. How strong are the effects of HA fitting on self-rated
hearing abilities and related dimensions on the indi-
vidual level and in a heterogeneous group of first-time
HA users?

3. Does the EMA data collected in the unaided condi-
tion predict ultimate decisions for or against perma-
nent HA use?

Methods
Study Design

This interventional field study was conducted from 2018
to 2019 in Oldenburg, Germany, as a part of the project
“Individual Hearing Aid Benefit in Real Life” (IHAB-
RL). Using a single-subject design, the study took place
in two phases (AB design). Adults who were medically
advised for HA fitting performed EMA both before
being fitted with HA (phase A, hereinafter: EMATI)
and after an individual HA adjustment period (phase
B, hereinafter: EMA?2). The participants had four visits
to the university’s facilities. The study flow is shown in
Figure 1. Participants were recruited by local HA acous-
ticians during the counseling interview carried out before
HA fitting. Thus, they were real-world clients who were
seeking HA fitting on the advice of an ENT specialist.
The only inclusion criterion was wearing glasses all day
because the EMA device required attaching miniature
microphones on the frame of the glasses (see “EMA
Hardware” section). If a client was willing to participate
in the study, an appointment at the university was made,
usually for the following day, so as not to unduly post-
pone HA fitting. The participants received the EMA
system on their first visit and returned it after 3 to
4days on the second visit. Subsequently, HA were
fitted by the local acousticians. The study site did not
intervene in the process of HA selection and fitting at
any time. When study participants had decided on the
purchase and considered the HA fitting to be completed,
they contacted us to make an appointment for the third
visit and thus the postfitting EMA2. The HA adjustment
period, a term adapted from Ricketts et al. (2019, p.
730), was calculated as the time elapsed from the day
of the first HA fitting to the day of the third visit at
the university.

Study participation for the four visits to the university
was remunerated on an hourly basis (12 Euros per hour)
and in a lump sum for EMA periods (20 Euros per day)
after the last visit. In addition, a concise summary of the
individual EMA results was given to the participants
when they returned the EMA system after both EMALI
and EMA2. This feedback summary included easily
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97 days (median)

Figure |. Design of IHAB Study. The participants had two EMA phases and four visits at the university. HA fitting was conducted by local
acousticians. The duration of HA adjustment was individually different. EMA = ecological momentary assessment; HA = hearing aid.

understandable graphics, with basic information on the
number of surveys, broken down into situations and
activities, and the corresponding assessment mean
score for speech understanding and listening effort.
Following EMA2, this feedback summary compared
data collected in the unaided or formerly aided condition
with the aided or renewed condition. The research design
and procedures passed examination by the ethics com-
mission of the Carl von Ossietzky University in
Oldenburg. Written informed consent was obtained
from all participants.

Additional Measures. The study protocol also included
speech audiometry in quiet and in noise, diverse ques-
tionnaires, a standardized interview on sociodemo-
graphics and health-related characteristics, an
assessment of communication behavior, and—for partic-
ipants who completed EMA1 and EMA2—cognitive
screening and probe-microphone measurements. The
pure-tone audiogram was usually provided by the HA
acousticians. The examinations took place at the univer-
sity’s facilities. As they were of interest for the above-
stated research questions, global results were reported
for pure-tone thresholds, the duration of the HA adjust-
ment period, sociodemographic details, the Hearing
Handicap Inventory for the Elderly (HHIE, Ventry &
Weinstein, 1982), and the Montreal Cognitive
Assessment (MoCA, Nasreddine et al., 2005). The par-
ticipants received the HHIE questionnaire from the HA
acousticians and filled them out at home. The MoCA
test was performed by trained experimenters during the
fourth visit to assess whether cognitive conditions might
have impacted compliance with the instructions and thus
data reliability.

Study Population. In total, 24 adults (9 females) with mild-
to-moderate hearing loss participated in the study.
Among these, 20 adults were first-time HA users and 4
adults were experienced HA users. The sample was
diverse with regard to hearing loss, hearing-related dis-
ability, and in social terms, including low, intermediate,
and high professional skill levels, and different employ-
ment status (14 retired, 9 working, 1 without employ-
ment). The 24 adults’ individual characteristics are
shown in Table 1.

Sixteen adults decided for HA acquisition. Eight par-
ticipants left the study after conducting EMATI (seven
canceled the HA fitting, one left the study for personal
reasons); these are hereinafter referred to as nonreturner
participants (no. 17-24 in Table 1). Sixteen participants
conducted EMA1 and EMA2, hereinafter referred to as
returner participants (no. 1-16 in Table 1). An experi-
enced clinical audiologist compared the probe-
microphone measurements at an input level of 65dB
SPL for speech with the NAL-NL2 (Keidser et al.,
2011) targets of the returner participants. The probe-
microphone measurements averaged across the frequen-
cy range from 0.5 to 4kHz, both ears, and all partici-
pants were 3 dB below target. For each participant, the
difference was less than 10dB. The difference was not
related to the reported HA benefit and therefore disre-
garded for the present analysis. The total MoCA score in
returner participants ranged from 22 to 30. Five partic-
ipants achieved a total score below the cutoff of 26 rec-
ommended for this brief cognitive screening tool
(Nasreddine et al., 2005). As the Cochrane Review of
Davis et al. (2015) provided evidence for a high false-
positive rate (40%) when using 26 as the cut-off score,
we decided to keep the data of these comparatively low-
performing participants in the sample.

EMA Survey

EMA Hardware. For this field study, the EMA system
oIMEGA was used, which allows for managing digital
surveys and continuous collection of objective acoustical
feature data (Groenewold et al., 2018; Kowalk et al.,
2017). Objective acoustical data were not used for the
present analysis. oMEGA consists of an android smart-
phone (LG Nexus 5 in this study), a Bluetooth transmit-
ter unit, and two cable-connected microphones that were
attached to the frames of the participants’ eyeglasses.
oIMEGA was developed at the Jade University of
Applied Sciences, Oldenburg. Construction manuals,
software implementation and Supplemental Material
for oIMEGA are available at https://github.com/
IHAB-RL (Open Source License for all parts, including
hardware design).

Survey Items. Surveys were collected using the digital
questionnaire app that is part of the oIMEGA system
and was installed on the smartphone. The complete list
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Table 2. Assessment Dimensions Used in the IHAB App.

No. Dimension

Extreme categories

Speech understanding
Listening effort
Localization of sounds
Loudness perception
Pleasantness of sounds
Perception of disability
Involvement in group communication
Difficulty by conversation partners
Importance of hearing well
0 Mood

— 0V 00 NOUTL A WN —

Nothing at all «—— perfect

No effort «—— extreme effort

Not at all «—— perfect

Too soft «— too loud

Very unpleasant «— very pleasant

Not disabled at all «—— extremely disabled

Definitively left out «— definitively right in the middle (5 cat.)
Not difficult at all «+— extremely difficult

Completely unimportant «—— very important

Very unhappy «— very happy (5 smiley icons)

Note. The extreme categories refer to 7-point scales if not otherwise stated. Note that the direction of the scales has been reversed for some items in this
article to improve the readability. The underlined words are hereinafter used as short forms for the respective items.

of items with the corresponding response options, in the
order in which they were displayed in the oIMEGA app,
is provided in the supplement to this article
(Supplementary Material). The questionnaire has an
adaptive flow, that is, preceding answers determine the
display of subsequent questions. The surveys contained a
maximum of 13 items. Participants were initially asked
to indicate how much time had elapsed as the situation
occurred that they were going to assess (now, about 2-3,
5, 10, 15, 20, or 30 min ago) and to determine a general
situation type (at home, in transit, in society, at work,
other/manual entry option) and related activities.
Subsequently, participants were asked to indicate
sound sources and, if any sound source were reported,
to specify the target source. Situations-specific selection
lists were provided for choosing up to eight sound sour-
ces and one single target source.

Table 2 lists the assessment dimensions. Prior envi-
ronmental and intentional descriptions determined eligi-
ble items, except the item on perceived disability, which
was included at the end of each survey. If not otherwise
stated, 7-point categorical scales were used.

Sampling Schedule. Every participant used the EMA
system for at least 3 days. Depending of the day of the
week and the individual agendas, the system was
returned from the third to sixth day after handover.
The data collection did not follow a fixed daily timeta-
ble. The participants were instructed to use the system all
day long and to charge the system overnight. Data col-
lection was deactivated during the charging process
because the Bluetooth transmitter and the smartphone
were disconnected. Otherwise, as soon as the smart-
phone and the Bluetooth transmitter were connected,
data collection was automatically activated. The partic-
ipants were instructed to take a survey when the acoustic
situation changed markedly and when they were
prompted by an alarm. An alarm was activated

approximately every 30 min. This time interval was ran-
domly shortened or lengthened up to a maximum of
Smin. The alarm consisted of a 30s vibration signal.
In addition, the smartphone screen lit up and the text
“EMA questionnaire” was displayed in large letters. No
acoustical signal was emitted. As the data collection was
closely timed, the prompt was kept unobtrusive and dis-
creet, to avoid annoying the participants and bystanders.
The screen remained in the request mode until a survey
was conducted. If oIMEGA was in the request mode,
each survey was logged as a prompted response.
Otherwise, the survey was logged as a self-initiated
response. Thus, surveys taken less than about 30 min
after the previous survey were interpreted as self-
initiated responses. Due to this data logging, latency to
a prompt was not calculable in this study.

The participants were carefully instructed in the use
of the system before EMAI1 and again before EMA2.
The instruction at the first visit took about 1.5h and
included explanations of the survey items, handling,
and repeated hands-on training. The participants
received an illustrated manual in which they could find
the most important information. In addition, the
research assistants were available via mobile phone at
all times.

Analysis

Categories and Descriptives. The auditory reality sampled
in the EMA data is described using the CoSS intention
and task categories displayed in Table 3.

The participants’ detailed descriptions given in the
adaptive questionnaire, particularly the details on
target sound sources, were used to assign the surveys
to first level (listening intention) and second level (listen-
ing task) CoSS categories. Categorizing the data down
to the third level (scenarios) led to undue data fragmen-
tation and was therefore skipped for this analysis.
The category “focused listening” conceptually contains
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Table 3. Partial List of the Common Sound Scenarios Proposed by Wolters et al. (2016).
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Note. Scenario categories (third level) are not shown.

speech and nonspeech events. Therefore, estimates for
speech understanding and listening effort in this catego-
ry were limited to surveys that referred to speech-
listening events (target signal “speech”). The listening
task “monitoring surroundings” refers to events during
which sound sources, but no target sources, were speci-
fied; for example, mobility activities such as driving a car
or biking that require conscious or unconscious screen-
ing of sounds. The task “passive listening” includes
events for which no sound source (quiet condition) or
no target signal relevant to the current activity was speci-
fied; for example, when working at the PC at home. In
addition, the basic oIMEGA categories (home, in tran-
sit, society, and work) were used for reporting.

Statistical Analysis. Conventional procedures of descriptive
statistics were used to show the distribution of CoSS
categories. Spearman correlation coefficients were calcu-
lated for pure-tone average (PTA at 0.5, 1, 2, and 4 kHz),
for HHIE total scores, the duration of the HA adjust-
ment period, mean EMA scores, the distribution of
CoSS intention categories in EMA1 and EMA2, and
for evaluating the association of ratings of different
dimensions.

The type and the distribution of the EMA data did
not meet the assumptions of mean-based statistics. As no
consensus has been reached on how to analyze time
series of categorical data from study participants who
provide greatly varying amounts of data, competing
concerns were balanced when comparing ratings from
EMA1 and EMA2. To provide conventionally interpret-
able as well as statistically reliable results, the analysis of
EMA data was twofold. On the one hand, ordinal data
were treated as continuous, that is, categories were line-
arly transformed to numerical values ranging either from
1 to 7 or from 1 to 5. On the other hand, the analyses for
the main research questions were performed using meth-
ods that are considered appropriate for ordinal
outcome data.

On the individual level, HA benefit, in terms of the
assessment change from EMA1 to EMA2, is reported
both as the difference of the mean scores yielded in
EMA1 and EMA2 and as nonoverlap of all pairs
(NAP). NAP is a nonparametric effect size (ES) measure
suggested by Parker and Vannest (2009). They argued
that the area under the curve (AUC) from the receiver
operating characteristics analysis can be interpreted as
“the percentage of data which improve across phases”
(Parker et al., 2011). Thus, the assessment scores from
individual EMA1 and EMA?2 data were submitted to a
receiver operating characteristics analysis with a binary
outcome variable (0/1) encoding the phases EMA1 and
EMA2. The null hypothesis is the chance level
(AUC =0.5), which can be interpreted as a complete
overlap of the scores from EMA1 and EMA2, that is,
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showing neither an improvement nor a deterioration of
the ratings. In the opposite case, if the assessment scores
from EMA1 and EMA?2 did not overlap at all, that is, if
even the worst rating in one EMA is still better than any
rating in the other EMA, the AUC is either 0 or 1. If the
95% confidence interval (CI) of AUC included 0.5, NAP
was considered to be nonsignificant.

At the group level, the assessment change is only
reported for first-time HA users. As the data consist of
repeated measurements for each individual participant,
mixed models of the following general type were fitted:
EMAscore = p*EM Aphase + y* ParticipantID +c.  The
indicator variable for EMA1 versus EMA2, denoted
EM Aphase, was included as a fixed effect. The indicator
variable  for individual participants, denoted
ParticipantID, was included as a random effect. Each indi-
vidual participant was fitted with a random intercept and
random slope. More specifically, cumulative link mixed
models (CLMM) were fitted. CLMM provide a mixed-
modeling framework for categorical responses (Bauer &
Sterba, 2011). A cumulative logit link function was used,
which allows for a convenient interpretation in terms of
proportional odds. If the beta coefficient estimate is pos-
itive, it indicates that a higher outcome category is more
likely in EM A2 as compared with EMAL. If the beta esti-
mate is negative, the reverse applies. All statistical analy-
ses were performed using IBM SPSS 26.0.

Weighting Procedure. The number of surveys varied widely
between the participants. To avoid biasing the descrip-
tive statistics through participants with a high number of
surveys, sample weights were calculated as follows: Let
N € N7 be the total number of subjects. Furthermore,
leti e {l, ..., N} denotean individual participant and
n; € N* be the number of completed surveys of partic-
ipant i. The sample weight w; for participant i is then
defined by:

()

1 ZN

- . ni

N =1"
wri — —l

nj

Sample weights were only used for reporting the dis-
tribution of CoSS categories in the “Auditory Reality”
subsection and the related statistics. Figures 3 and 4
show how weighting impacted the results.

Compliance. In EMA studies, it is particularly important
to determine how well the participants complied with the
protocol. Due to the data-collection procedures in this
study, it is difficult to calculate a percentage figure that
allows a straightforward comparison to compliance esti-
mates from other studies. As the surveys were not only
prompted by closely timed alarms, but also self-initiated,

two compliance parameters were estimated for each
study participant and EMA period as follows:

. Count of surveys prompted by timed alarm
Compl = 2
omphancea Count of timed alarms ( )
Total count of surveys (prompted & self — initiated)
Count of timed alarms
3)

Compliance, , =

The count of alarms was estimated by dividing the
usage time of olMEGA in each EMA period per partic-
ipant by 30 min. The total usage time was calculated by
summing up the usage time of oIMEGA for each day in
either EMA phase. The daily usage time was defined as
the time elapsed from the first survey in the morning to
the last survey before sleep.

Reactivity. Reactivity, defined as “the potential for behav-
ior or experience to be affected by the act of assessing it”
(Shiffman et al., 2008, p. 20), was examined using EMA1
data for speech understanding, listening effort, and per-
ceived disability. Asit wasunclear whether such a behavior
or experience change would be expected to be gradual or
rather be spontaneous, the individual participant’s assess-
ments were graphically evaluated for each CoSS listening
intention in their chronological order. Moreover, two
other analyses were performed. Check 1: On the ratings
of speech understanding, listening effort, and disability
separate CLMM of the following general type were
fitted: EMAscore = f*Sequence + y*ParticipantID + c.
In each case, the chronological sequence of surveys,
denoted Sequence, was included as a fixed effect and par-
ticipants, denoted ParticipantID, as a random effect. Each
individual participant was fitted with a random intercept
and random slope. All CLMM used a logit link function.
Check 2: The ratings of disability for the chronologically
first three surveys (early) and the last three surveys (late) of
EMA1 were separately averaged for each participant’s
most frequently specified CoSS intention category. These
mean values were regressed to two virtual measurement
points (early vs. late). If the estimated beta coefficients
were large, and even proved to be significant (a=.05,
two-sided), this could indicate that on a group level, the
assessment criteria might have changed over time.

Results

Data Overview

In total, 2,049 surveys were retrieved from the EMA
systems. Figure 2 shows the numbers of surveys collected
at each stage of the study. Given that no fixed daily
timetable was defined, the daily oIMEGA usage time
and the total time of data collection varied individually
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according to life style. Table 1 lists the individual usage
time and the number of surveys separately for each par-
ticipant in EMA1 and EMA2. Each EMA phase
(median) lasted 3days and 9.2h per day. Overall, the
participants took an EMA survey every 40 to 45min.
One survey took 73 s (median).

Compliance and Reactivity. In EMAI1, compliance, and
compliancea ;v averaged 50% and 73%, respectively,
and differed considerably between the participants.

| 2049 I

7 empty
v surveys
| 2042 |

L4 }
1705 337
EMA1/EMA2 EMA1 only

885 820
EMA1 EMA2

Figure 2. Overview of the Total Numbers of EMA Surveys
Collected in IHAB-RL From 24 Study Participants in EMAI and
EMAZ2. Eight nonreturner participants conducted only EMAI.
EMA = ecological momentary assessment.

Detailed results for each participant are given in
Table 1. Individual compliance was not related to demo-
graphic variables or MoCA scores. Visual inspection
and CLMM analyses were used to check for reactivity.
No signs for reactivity were detected in individual time-
series data on speech understanding, listening effort, and
disability. Beta coefficients from CLMM for the change
of assessments over time were all below |0.01| (Check 1).
Modeling the mean “early” and “late” disability ratings
for the individually most-frequent listening intention
yielded a comparatively increased beta estimate of 0.3
(95% CI [-0.2, 0.8]) but did not reach significance
(Check 2). In summary, these results do not suggest
that the participants fundamentally changed their deci-
sion criteria over the course of EMAI.

Momentary and Delayed Assessment. The core idea of the
EMA method is to collect assessments at the time of the
experience. For this reason, it is of interest to examine in
which proportions and in which situations the assess-
ments were made more or less at the moment. In total,
1,166 (57%) of the 2,042 surveys were, strictly speaking,
momentary, referring to an assessment delay of 0min,
and 375 (18%) related to situations that occurred within
the preceding S min. An assessment delay between 5 and
15min was reported in 163 (8%) surveys and 185 (9%)
of the surveys referred to situations more than 15 min,
and less than 30min, back in time. Information was
missing for 153 (8%) surveys. To some extent, the assess-
ment delay related to the location and activity. When the
participants were “in transit” (e.g., bike, car, bus,

unweighted

35
30
unweighted

25

20

Surveys and assessments / %

How important is it to
hear well in this

unweighted situation?

M very important

M important

M rather important

[ partly important

[rather unimportant
[Junimportant
[Jcompletely unimportant

Communication Focused Listening

Common Sound Scenarios - Intention categories

Non-Specific

Figure 3. Distribution of CoSS Intention Categories and the Corresponding Assessments on the Dimension “Importance” in EMAI. The
left bar of every cluster shows the results derived from the unweighted data, and the right bar shows weighted results (adjusted for the

number of surveys given by each participant).
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Figure 4. Distribution of CoSS Task Categories and the Corresponding Assessments in the Dimension “Disability” in EMAI. The left bar
of each cluster shows the results derived from the unweighted data, and the right bar shows weighted results (adjusted for the number of

surveys given by each participant).

walking), 64% of the assessments were delayed, followed
by 52% during work time, 44% in societal situations
(e.g., shopping, visits, lectures), and 39% when at home.

Auditory Reality

The descriptive statistics in this section are based on the
EMAT1 data of all 24 participants (n=1,222). When not
otherwise stated, sample weights were applied in this
subsection.

The distribution of CoSS categories is shown in
Figures 3 and 4, together with the corresponding ratings
on the situational importance of hearing and disability.
Results are shown for the unweighted and weighted
data. On the intentional level, most assessments related
to speech communication (42%), and the fewest to
focused listening (23%). In events assigned to these
two intention categories, good hearing was considered
almost equally important. On the other hand, good
hearing was considered much less important in situa-
tions assigned to the nonspecific intention category
that accounted for 35% of the assessments. Broken
down to the CoSS task level (Figure 4), a similarly
high proportion of surveys were attributable to dialog
communication situations (28%) and passive listening
(29%). The perceived overall disability was generally
higher in communication than in passive listening
tasks. A minor disability was mostly stated for 50% of
the passive listening tasks. A disability of varying
degrees was reported for 78% of the conversation
events with one partner and for 88% of the communi-
cation events with more than one partner. Overall, 21%
of the listening tasks were related to media listening for

which similar levels of disability were reported.
Monitoring surroundings, communication through a
device, and focused listening to live sounds accounted
for relatively small proportions of 7%, 3%, and 2% of
the total data, respectively.

According to the original IHAB app categories, 59% of
the surveys related to situations in private domestic envi-
ronments, 16% to work environments, 13% to “in tran-
sit” situations, and 11% to societal situations and
activities. In less than 2% of the surveys, the situation
was labeled as “other,” without any further specification.

Overall, ratings on different dimensions were corre-
lated. Moderate-to-strong correlations with r > |.6| were
observed between speech understanding, listening effort,
and disability (p <.001). Localization was correlated
with r > [.6] to speech understanding and listening
effort, but not to disability.

HA Benefit

The results presented in this section refer to 1,705 sur-
veys collected by returner participants (Nrs. 1-16) in
EMA1 and EMA2. Of these surveys, 933 related to
speech-listening events.

To examine whether the participants’ auditory reality
was comparable in EMAT1 and EMA?2, the shares of the
CoSS intention categories in the surveys were calculated
separately for each returner participant and each EMA
phase. The agreement of individual EMAI1 and EMA2
data with regard to the distribution of CoSS intention
categories is displayed as a scatter plot in Figure 5.
Spearman correlation on the percentage shares resulted
in r=.52 (p<.001).
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Figure 5. Proportions of the CoSS Intention Categories “Speech Communication” (Left Panel), “Focused Listening” (Middle Panel), and
“Nonspecific” (Right Panel) in EMAI and EMA?2 Surveys for Each Returner Participant. Participants are numbered as denoted in Table |

and coded by colors. EMA = ecological momentary assessment.
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Figure 6. Individual Score Change for Three Hearing Dimensions in 13 First-Time HA Users (Nrs. 1-13) and 3 Follow-up HA Users
(Nrs. 14-16). Score differences were calculated by subtracting the mean score from EMAI and EMA2, if a minimum of three surveys was
available in both phases. Otherwise, no score difference was calculated (no bars shown). Error bars show the pooled standard deviation
which was calculated as the square root of the average of the variances for EMA| and EMAZ2 scores. Data basis: n =933 (speech
understanding and listening effort), n= 1,700 (disability). The numbering of participants corresponds to Table I.

Difference in the Mean. Figure 6 shows the difference in
the average scores from EMA1 to EMA2 for each study
participant for the dimensions speech understanding, lis-
tening effort, and disability. The scale was reversed for
“listening effort” and “disability” to facilitate the com-
parison, that is, positive values show improvements.
Results are shown separately for CoSS intentions

categories when appropriate. A mean score was only
calculated if there were at least three assessments in
each EMA phase.

With few exceptions, the intraindividual standard
deviations were higher in EMAI, ranging from 0.3 to
1.7 (median 0.8), than in EMA2, with a range from 0
to 1.2 (median 0.6). From EMAI to EMA2, all
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Figure 7. Individual ES and 95% Cls for Three Hearing Dimensions in |3 First-Time HA Users (Nrs. 1-13) and 3 Follow-up HA Users
(Nrs. 14-16). Data basis: n =933 (speech understanding and listening effort), n= 1,700 (disability), n=>531 (disability—passive listening).
Numbering of participants corresponds to Table I. NAP = nonoverlap of all pairs.

participants showed an improvement ranging between
0.5 and 2 scale units for most participants and dimen-
sions. Deterioration from EMA1 to EMA2 was rare and
numerically small. Experienced HA users reported less
disability than first-time HA users in EMA1 and were
among the participants whose average ratings hardly
changed from EMAT1 to EMA2. Score differences of
more than three scale units were observed in only two
participants (Nrs. 9, 13). The improvements were often
comparable for the CoSS categories speech communica-
tion and focused listening across all dimensions. There
are exceptions, such as Participants 5 and 7, who clearly
showed stronger improvements in listening effort com-
pared with speech understanding and disability.
Participant 13, conversely, showed a larger score differ-
ence for the disability dimension than for speech under-
standing and listening effort. When experienced HA
users were excluded, the changes in mean EMA scores
were not correlated to either ear PTA or to duration of
the HA adjustment period, but the HHIE total score did
correlate significantly with the score change in speech
understanding (r=.64, p=.020) and disability (r=.59,
p=.034).

ES Estimate. ES based on NAP was calculated for all
dimensions. Figure 7 shows ES and 95% CI for speech
understanding, listening effort, and disability. ES for dis-
ability is shown separately for the surveys related to the
CoSS task category passive listening and for all surveys.
Based on all speech-listening events, ES median and
interquartile range (IQR) were 0.773 (IQR 0.638—
0.909) for speech understanding and 0.785 (IQR 0.630—
0.935) for listening effort, with NAP reaching signifi-
cance in 12 and 11 participants, respectively. ES for
localization was smaller, at 0.676 (IQR 0.591-0.858).
Considering the disability dimension, the median ES
was 0.657 (IQR 0.549-0.805) when all events were
included and reached significance in nine participants.
ES reached a ceiling in Participants 9 and 13.
Conversely, very small and even negative effects were
observed for first-time HA users 8 and 11, and particu-
larly in experienced HA users.

If applicable, NAP analyses were broken down into
CoSS intentions and tasks categories. The report is lim-
ited here to dimensions for which the mixed-model
results (see later) suggested analyzing individual EMA
data. Significant ES were observed for mood in seven
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participants (Nrs. 1, 2, 3,4, 9, 13, and 16) and for pleas-
antness in six participants (Nrs. 1, 2, 6, 8, 9, and 13).
More importantly, no significant effects in the reverse
direction were found for either dimension, except for
Participant No. 11, who assessed sound to be less pleas-
ant in the aided than the unaided condition. ES for dis-
ability in passive listening tasks achieved significance in
four participants (Nrs. 3, 7, 9, and 13). No significant ES
were found for loudness, except for Participant 11, with
sounds being perceived as louder in the aided than in the
unaided condition. ES for loudness was uncorrelated to
the duration of the HA adjustment period (all returner
participants: r=.11, p=.684; first-time HA users:
r=.019, p=.950).

HA Benefit in the Group of First-Time HA Users. The baseline
condition was completely different for experienced HA
users and first-time HA users. The results presented in
this section therefore refer to 1,330 surveys collected by
first-time HA users (Nrs. 1-13).

Figure 8 shows the results from the CLMM analyses
for all survey dimensions. Analyses were performed on
all valid data. Nevertheless, the number of surveys
included differs because of content and the adaptive
flow of the digital questionnaire (i.e., speech understand-
ing cannot be rated if speech is not the target). Active
filtering was carried out for the assessment of loudness,
pleasantness, and localization abilities. For conceptual
reasons, 53 surveys that related to passive listening
were removed from the analyses. If neither a target
source nor a sound source was specified, it is unclear
to which percept the ratings on these items apply when
given retrospectively. However, filtering had practically
no effect on the estimates in this study. Note that the
beta coefficients do not refer to categorical units but to
log odds ratios. The change of assessments was consid-
ered to be significant if 95% CI did not include 0. Beta
coefficients ranged between |1.6] and |4.1] for those

hearing-related dimensions in which improvement was
directly or indirectly targeted. The absolute beta coeffi-
cients were larger for speech understanding and listening
effort than for the items belonging to the psychosocial-
communicative domain, such as difficulty by conversa-
tion partner and involvement.

Decision for or Against Permanent HA Use

Among the 20 participants who were seeking a HA fit-
ting for the first time, 13 opted for HA acquisition (Nrs.
1-4, 6-13, 24 in Table 1) and 7 canceled the HA fitting
process (no. 5, 18-23). HA acquisition or rejection was
not related to gender, professional skill level, or employ-
ment status. PTA and mean HHIE scores tended to be
higher for participants who opted for HA acquisition
but did not differ significantly from those who decided
against it (wide overlap of bootstrapped 95% CI). With
regard to their EMA1 profile, the compliance_ was,
on average, higher in future HA users than in future
nonusers, but 95% CI still overlapped widely. In addi-
tion, both groups’ auditory reality in terms of CoSS
intentions and the situations assessed was well compara-
ble. Mean EMAL assessments of speech understanding,
listening effort, and disability ratings of both groups
were compared in all EMA1 data as well as separately
for CoSS intention categories (except focused listening
category, due to the insufficient number of cases).
Comparative analyses established no difference with
regard to EMAI1 assessments between the participants
who decided for permanent HA use and those who
decided against it.

Discussion

This study described the auditory reality of adults with
mild-to-moderate hearing loss who were seeking a HA
fitting. They conducted an EMA before HA fitting and
after a period of HA adjustment. The EMA sampling

Speech understanding (1)

| 749

Listening Effort (2)

749

Localization (3)

11032
1031

Loudness (4)

1029

1325

Disability (6)

143

Involvement (7)

Difficulty (8)

1330

(
(
(
(
Pleasantness (5)
(
(
(
(

Importance (9)

1322

Mood (10)

-1 0 1 2 3 4 5 6
Beta coefficient / logit

Figure 8. Beta Coefficients and 95% Cl From CLMM for All Assessment Dimensions in |3 First-Time HA Users (Nrs. |—13). The number
of surveys included in each CLMM analysis is shown on the right side.
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strategy was, to put it briefly, short and intense. Each
EMA phase lasted 3 to 4days, with surveys scheduled
about every half hour. In total, 2,042 surveys collected
by 24 participants were analyzed, focusing on the audi-
tory reality of HA candidates and the HA benefit in
natural environments.

Auditory Reality

The EMA data categorized according to the CoSS
framework showed that most of the surveys related to
speech communication (42%) and the least to the
focused listening category (23%). Smeds et al. (2019)
and Jensen et al. (2019) conducted EMA studies with
experienced HA users of about the same age as in this
study. They found lower shares for speech communica-
tion, 30% in Smeds et al. (2019) and a little over 30% in
Jensen et al. (2019, depicted from plot), and comparable
shares for the focused listening category. On the task
level, the studies agree well with regard to the ranking
of the shares. Speech communication referred mostly to
conversations with one person, focused listening referred
predominantly to media use, and nonspecific intentions
were mostly related to passive listening tasks.

Most of the surveys in this study were taken at home
and momentary, that is, taken while being in the situa-
tion. Surveys related to various out-of-home situations
were less frequent and more often delayed. This result
confirmed the findings of Schinkel-Bielefeld et al. (2020)
who examined the situational context of delayed assess-
ments. They concluded that social situations will likely
be underrepresented in EMA. Anecdotal comments in
this study also pointed in this direction. A few partici-
pants seemed to avoid a coincidence of family gather-
ings, journeys, or other special events, when arranging
an appointment for EMA2.

HA Benefit

The mean score differences of the prefitting EMA1 and
the postfitting EMA2, as well as ES, varied greatly from
individual to individual but were uncorrelated with both
hearing loss and the duration of HA adjustment period.
For most participants, the ratings of real-life hearing
abilities showed improvements from EMA1 to EMA2
that were mostly larger for first-time HA users than
for experienced HA users.

Individual and Group Estimates. To some degree, the shares
of CoSS intention categories in individual data differed
from EMA1 to EMA?2, indicating a distinct auditory
reality. Nevertheless, ES and the individual mean score
differences of EMA1 and EMA2 were often similar
across the CoSS intention categories for the main hear-
ing dimensions, particularly speech understanding and

listening effort. No, or hardly any, effect was observed
in Participants 8 and 11, although they decided for HA
acquisition. Participant 8 had an elevated mild hearing
loss and a low hearing handicap, as indicated by a HHIE
score of 12 points. Participant 11 had a very mild hear-
ing loss but a high HHIE score of 34 points. Assuming
that they not only bought HA but continued to use
them, three aspects, among others, could possibly
explain the overall small-to-negligible effect seen by
EMA. First, events in which the devices were beneficial
could have been avoided or simply missed in the short
EMA phases. Second, the scales may not have been sen-
sitive enough to map small, but noticeable, perceptual
changes. Third and last, HA fitting could be driven by
external factors with low intrinsic motivation.

Conversely, extreme improvements were observed in
Participants 9 and 13. Participant 9 had a mild, asym-
metric hearing loss, with almost perfect hearing in the
better ear. Participant 13 had a bilateral, moderate hear-
ing loss. Despite their completely different audiometric
profiles, the measured benefit may still be linked to the
audiometric type and degree of hearing loss. The PTA of
Participant 13 was well above the cut-off value at which
HA fitting is regarded as beneficial (Humes, 2019).
Participant 9, in turn, may have experienced the asym-
metry in hearing as a severe strain. The asymmetric pro-
file had developed recently—in the last few years—and
the normal-hearing ear might still have been perceived as
an irritating reference. Explanations based on audiomet-
ric findings, however, are quite likely to fall short in the
self-assessment of hearing abilities. As in established
questionnaires, such as the Speech, Spatial, and
Qualities of Hearing Scale (Gatehouse & Noble, 2004)
and the APHAB (Cox & Alexander, 1995), EMA still
captures the subjective perspective on activity limita-
tions, and perfect agreement with audiometric findings
is neither intended nor achieved (Banh et al., 2012;
Dornhoffer et al.,, 2020; von Gablenz et al., 2018).
Complex, temporally dynamic interactions of personali-
ty and context, which probably impact the self-
assessment of abilities, are in general difficult to disen-
tangle and certainly require complementary methods
and a larger study sample when EMA data are
concerned.

This study focused on individual analyses but also
provided an effect overview for the subgroup of first-
time HA users. As the data type and distribution did
not meet the assumptions for conventional linear
mixed modeling, CLMM analyses were performed. The
sample size was too small to additionally consider
participant-related covariates such as the degree and
configuration of hearing loss. The distribution of CoSS
categories, that is, differences in auditory reality in
EMA1 compared with EMA2, was not effectively con-
trolled for. The CLMM results should therefore be
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appreciated qualitatively rather than according to their
exact numerical coefficient estimate. Even controlling
for CoSS, however, the authors would not have expected
completely different results for the group analysis. The
differences in HA benefit between the CoSS intention
categories were rather small for most hearing dimensions
and the individual distributional mismatch of CoSS cat-
egories can be considered random in this study.

Different scales, items and item wordings, and analy-
sis methods hamper direct comparisons to the study of
Timmer et al. (2018), which is the most similar to the
present. However, after HA intervention, both studies
found significant improvements for various hearing
dimensions.

Assessment Dimensions. The largest improvements after
the HA adjustment period were observed for speech
understanding and listening effort. The ratings on
these dimensions were correlated with each other and
also with ratings on other dimensions, such as localiza-
tion or difficulty by conversation partners. The latter
was included to capture a psychosocial aspect of
hearing-related communication constraints. Although
the survey dimensions are conceptually different from
the researchers’ perspective, some of them are likely to
coincide or be easier to assess from the experiences per-
spective (Moore & Picou, 2018). Such linking of assess-
ments is known from retrospective questionnaires but
also shows up in EMA in which retrospective consider-
ations should be replaced by spontancous decisions. For
the dimensions mood and pleasantness of sounds, signif-
icant effects, in terms of being in a better mood and the
sounds being perceived as more pleasant, were observed
in more than one third of the participants. These results
were confirmed on the group level for first-time HA
users.

The dimension disability deserved particular atten-
tion, as the corresponding item was included in each
survey (How much do you feel disabled?). As defined
earlier, passive listening tasks refer to situations in
which either no sound source, or no target signal rele-
vant to the current activity, was present. One might
argue that then, hearing should hardly play a role. The
participants, however, often reported a disability in the
EMAI1 surveys even for these situations (Figure 4). On
the one hand, participants might have felt insecure in
certain environments or in the anticipation of an upcom-
ing situation in which hearing plays a role. On the other
hand, this finding may be partially explained by the
stage at which the participants were recruited for the
study. All participants were recruited at their first
appointment with an acoustician, and started EMA
within a few days, often the next day, so as not to further
postpone HA fitting. By that time, the perception of
hearing-related disability had possibly generalized and

peaked, followed by a flattening out in subsequent
weeks and months. This could also explain the high
hearing handicap (measured using HHIE) observed in
this sample, corresponding to relatively less hearing
loss, compared with the results reported by Ventry and
Weinstein (1982). After the HA adjustment period, in
turn, the participants’ disability ratings could be influ-
enced by the desire to meet expectations of a good out-
come, both their own and others’. This could have led to
an overestimate of effects in almost all dimensions.
Thus, significant effects in the CoSS task category
“passive listening” may serve as an indicator that effects
may have been overestimated. Against this background,
the results for Participants 3, 7, 9, and 13 (see NAP in
Figure 7) should be interpreted with caution.

No change was observed for the ratings on the impor-
tance of hearing well and loudness. With regard to the
latter, this finding might be unexpected, given that
amplification is supposed to alter loudness perception.
There can be two explanations for this, and perhaps they
both apply. First, the participants conducted EMA2
when they felt comfortable with the HA settings and
assumed the fitting process to be completed. Although
the HA adjustment period was rather short for two par-
ticipants, it took about 3 months or longer for two thirds
of the participants. At this stage, they might have
already adjusted to the acoustic changes and altered
their loudness perception. Second, the scale used in
this study is possibly insensitive to minor alterations.
The scale categories are the same as used in the adaptive
procedure for categorical loudness scaling, which was
evaluated by Brand and Hohmann (2002). However,
the half steps were removed in this study because the
smartphone screens were too small for an 11-point scale.

Deciding Against HA Use

Seven of 20 potential first-time HA users canceled the
HA fitting process after EMAIL. Neither hearing loss,
HHIE score, nor EMA1 offered any convincing expla-
nation as to why some decided for and others against
HA use. In general, the participants’ motives and atti-
tudes toward HA fitting do not show up in EMA data. It
is important to note that the sample size was too small to
support an EMA data analysis using advanced predic-
tive statistical approaches. Therefore, current research
cannot answer the question as to whether EMA in the
unaided condition could predict who is more likely to
dropout or to complete the HA fitting process.

Study Characteristics and Analysis

Reactivity, Compliance, and Data Quadlity. Shiffman et al.
(2008) stated that researchers should be alert for reactiv-
ity in EMA studies. Henry et al. (2012) used the Tinnitus
Handicap Inventory-Screening version (Newman et al.,
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2008), whereas Timmer et al. (2018) and Galvez et al.
(2012) applied the HHIE as an independent measure
before and after an EMA phase. None of these studies
found signs of reactivity. However, no evidence is pro-
vided that these questionnaires were sensitive enough to
detect reactivity in EMA hearing studies. As a change in
assessment criteria should be manifested in the EMA
data itself, we examined the assessments in their original
time sequence. Overall, no evidence of reactivity was
found.

Compliance, was 50% in this study, and thus lower
than reported in other hearing studies, for example,
Jensen et al. (2019) reported 79%, Galvez et al. (2012)
77%, and Henry et al. (2012) 90%. When self-initiated
surveys were also considered, compliancea ;\y increased
to 73% on the group level. Individual compliance rates
varied considerably, as was also observed in the studies
cited earlier, and, more recently, by Timmer et al. (2017),
Andersen et al. (2019), and Schinkel-Bielefeld et al.
(2020). In general, comparing compliance rates across
studies is doubtful if the numbers are not interpreted
against the background of the particular study objective,
the EMA sampling strategy, and the participant recruit-
ment. In this study, the compliance rates were estimated
based on the usage time of the EMA device, which is
subject to uncertainty due to the technical configuration
of oIMEGA. The usage time might include time periods
in which the participants did not wear the EMA system,
for example, when doing sports or taking a nap.
Moreover, the prompts were discreetly designed to not
further increase the participants’ burden and were thus
probably often missed. Considering these uncertainties,
together with the closely timed prompts and the partic-
ipant recruitment from a research-inexperienced popula-
tion, the overall compliancea , n 1s quite good.

Importantly, the compliance figures do not substan-
tiate whether the participants complied with the concept-
related content of the instructions. We tried to increase
this kind of higher order compliance by sharing the par-
ticipant’s results after each EMA phase. The general idea
was to turn the data providers into beneficiaries of the
EMA study, who then, in their own interest, stay
authentic in their assessments. Nonetheless, EMA data
sporadically contained assessment combinations that, at
least from the analyst’s perspective, called the consisten-
cy of the survey into question. We suspect that this phe-
nomenon has been observed in other studies as well.
Such possibly “murky” data samples, that are few in
number and not attributable to specific participants,
cannot be the subject of data cleansing, because the
deeper situational context always remains unknown in
EMA, and the participants are ultimately taken at their
word. A run-in phase of several days, as suggested by
Piasecki et al. (2007), and implemented, for example, by
Wu et al. (2018), could have stabilized the assessments

but was not an option in this study to avoid unduly
delaying HA fitting.

It is worth considering whether the feedback on
EMAI1 results given to the participants could have
altered behavior in EMA2. From the authors’ point of
view, this seems less likely. The feedback graphics illus-
trated the participants’ self-reporting. In this respect, it is
not much different from using a questionnaire before
and after HA intervention. Questionnaire respondents
might also remember their earlier rating and somehow
reference to it. Using the feedback graphic (or the
memory of it) as a reference would have been even
more difficult in EMA. The everyday listening situations
were diverse and the prompts closely timed. On average,
3 months elapsed before returning for EMA2 and par-
ticipants often passed the feedback printouts on to their
HA acousticians. When they received the comparison
between results for EMA1 and EMA2 at the final visit,
it seemed that most participants did not remember the
earlier outcome. Finally, if the feedback on EMAI1
results hypothetically biased the ratings, then this
assumption should apply both to first-time HA users
and experienced HA users. The ratings of the latter,
however, did not basically change from EMAI1 to
EMA2.

Effect Estimate for EMA Studies in AB Design. As noted by
Jacobs and Kaye (2015), EMA is still in its “infancy” in
hearing research. Further research is needed to extend
and to refine the analytical approaches. In the current
single-subject study, NAP was used to give a nonpara-
metric ES estimate for the HA intervention. NAP
belongs to the group of nonoverlap techniques
(Manolov et al., 2016; Parker & Vannest, 2009; Parker
et al.,, 2011) and combines various advantages. NAP
provides a key figure that allows for comparison of
data with any distribution and type. NAP is close to a
visual data inspection, which is intuitively easy to under-
stand, and therefore suitable for more practically orient-
ed EMA applications. NAP is an interpretation of the
empirical AUC and thus simple to compute. It comes
with CIs that account for the uncertainty of the ES esti-
mate, which is highly valuable both in research and clin-
ical practice. Depending on the context of use, it may be
reasonable to set lower levels of CI than 95%. Apart
from these advantages, NAP shares the weaknesses of
other ES measures. It is blind toward the distribution
properties, trends, and autocorrelation (e.g., Archer et
al., 2019; Kratochwill et al., 2010). Autocorrelation is
present if error terms are serially correlated. More spe-
cifically, time-series data like EMA can share significant
associations that are induced by the sampling strategy
(Archer et al., 2019).
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Strengths and Limitations

This study investigated the change of hearing abilities
and related dimensions at two milestones in the aural
rehabilitation process—on the verge of HA fitting and
after an HA adjustment period. As its strengths, three
aspects deserve special emphasis. First, the study partic-
ipants were recruited from the general population of
adults. Their primary interest was not participating in
a research study but HA fitting. Thus, the recruiting
presumably had a higher ecological fit than the recruit-
ing from a pool of research-eager volunteers. Second, the
data analysis was collaborative in nature. Since to date
the sample size was small in EMA hearing studies, we
refrained from employing the categories of oIMEGA
and used the CoSS framework. Third, an innovative
approach to the analysis of EMA data was proposed.
NAP has proven its value in other single-subject studies
but has not yet been used for audiological EMA studies.

However, there are also several limitations that must
be taken seriously. First, the AB design, in combination
with the small sample size, did not permit causal infer-
ences or allow the control of carry-over effects. This is
basically the other side of the coin of the recruiting strat-
egy in this study, as withdrawal of HA was ethically
unacceptable. Second, the cooperation with several HA
acousticians in the recruiting of participants impeded the
calculation of a response ratio. It is unclear how many
HA customers were invited to participate in the study
and whether the acousticians applied unexplained and
personalized criteria. Especially the last aspect can com-
promise one of the strengths of the study, the ecological
fit of the participant recruitment. Third, information on
the assessment delay is missing in 8 % of the surveys
because the entries were kept nonmandatory for all
items. Fourth, the EMA design of this study has two
main disadvantages. The closely timed prompts proba-
bly increased both the autocorrelation in the EMA data
and the participants’ burden. Moreover, the EMA
phases were very short. EMA1 could not be extended
without unacceptably delaying the HA first fit. It is in
fact questionable whether 3 to 4 days were sufficient to
capture and to represent rare but important everyday
situations. This leads to the fifth limitation; a differenti-
ation of the surveys down to the CoSS task level was not
possible for all participants, as a minimum of three
assessments were deemed necessary. The analysis was
largely focused on the CoSS intention category, within
which rare and important events could be hidden.
Differences in effects that may exist for diverse CoSS
tasks or even scenarios could have been leveled out
and remain undetected. EMA studies often face a clas-
sical trade-off problem, where insufficiently differentiat-
ed categorization and data fragmentation must be
weighed against each other. However, this dilemma

might not be relevant in more practical applications
such as HA counseling, where reporting of singular
events can be instructive.

Conclusions

EMA was used to collect self-reports on hearing in par-
ticipants who were seeking a first HA fitting or a renew-
al. Participants conducted EMA before HA fitting as
well as after an individual HA adjustment period.
Based on 2,042 surveys, this contribution studied three
research questions: First, the auditory reality of hearing-
impaired adults using the CoSS framework; second, the
effects of HA fitting on self-rated hearing abilities and
related dimensions; and third, the option to predict who
would be likely to drop out or to complete the HA fitting
process. The analysis showed that situations in which the
participants conversed with natural speakers took the
largest share in the preintervention EMA surveys.
Hearing-related disabilities of varying degrees shaped
the participants’ auditory reality. Disabilities were
most pronounced in communications tasks but also
reported for situations for which no listening target
had been specified. After the HA adjustment period,
EMA showed in most participants better speech under-
standing as well as decreased listening effort and dimin-
ished disability. The effects were small in experienced
HA users, but were in general greater in first-time HA
users, with large inter-individual differences. The indi-
vidual strengths of the effects were not associated with
the duration of the HA adjustment period or hearing
loss. Some participants canceled the HA fitting process
after a few weeks or months. EMA data collected in the
unaided condition did not predict who would be likely to
drop out or to complete HA fitting. The nonparametric
measure NAP was used to evaluate the strength of treat-
ment effects. NAP was found to be an appropriate
method that could guide the interpretation of individual
EMA data in aural rehabilitation.
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