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ARTICLE INFO ABSTRACT

Ecological momentary assessment (EMA) is a way to evaluate experiences in
everyday life. It is a powerful research tool but can be complex and challenging
for beginners. Application of EMA in audiological research brings with it opportu-
nities and challenges that differ from other research disciplines. This tutorial dis-
cusses important considerations when conducting EMA studies in hearing care.
While more research is needed to develop specific guidelines for the various
potential applications of EMA in hearing research, we hope this article can alert
hearing researchers new to EMA to pitfalls when using EMA and help strengthen
their study design. The current article elaborates study design details, such as
choice of participants, representativeness of the study period for participants’
lives, and balancing participant burden with data requirements. Mobile devices
and sensors to collect objective data on the acoustic situation are reviewed
alongside different possibilities for EMA setups ranging from online questionnaires
paired with a timer to proprietary apps that also have access to parameters of a
hearing device. In addition to considerations for survey design, a list of question-
naire items from previous studies is provided. For each item, an example and a
list of references are given. EMA typically provides data sets that are rich but also
challenging in that they are noisy, and there is often unequal amount of data
between participants. After recommendations on how to check the data for com-
pliance, reactivity, and careless responses, methods for statistical analysis on the
individual level and on the group level are discussed including special methods
for direct comparison of hearing device programs.
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Ecological momentary assessment (EMA) is a (Shiffman et al., 2008). Several studies indicate that EMA

method for evaluating experiences in everyday life that
alleviates many of the shortcomings of laboratory or clinic
approaches assessing only few very specific situations and
retrospective approaches that are prone to memory bias
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is more targeted or sensitive than retrospective assessments
(Andersson et al., 2021; Wu et al., 2020) or use it because
traditional methods are not sufficiently sensitive (Timmer
et al., 2018a). EMA relies on self-reports completed by
participants in their usual environments and in the
moment, minimizing memory bias. The momentary nature
of the responses allows for different situations to be evalu-
ated separately. Nowadays, EMA is often performed on a
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smartphone (e.g., Andersson et al., 2021; L. A. Burke &
Naylor, 2020; Hasan et al., 2014; Lelic et al., 2022;
Schinkel-Bielefeld et al., 2020; von Gablenz et al., 2021),
which allows easy prompting and answering of in situ sur-
veys, scalable study designs, and near-real time monitor-
ing of data collection via cloud services.

EMA and related methods have been used in behav-
ioral sciences since the late seventies (Csikszentmihalyi
et al., 1977) but have only recently gained popularity in
audiology. EMA has served a variety of research purposes
in audiology (for a review of recent applications, see
Holube et al., 2020). To mention a few of the most com-
mon research areas, EMA has been used to examine the
auditory ecology (i.e., the environments in which those lis-
teners are required to function; Gatehouse, 1991; Gatehouse
et al., 2003; Jensen & Nielsen, 2005) of test participants, for
instance, to compare across groups or across individuals
(e.g., von Gablenz et al., 2021), or to better understand
which situations to emulate in laboratory tests (e.g., Smeds
et al., 2020). Other studies monitor how individuals cope
with hearing problems or tinnitus (e.g., Henry et al., 2012;
Schlee et al., 2016) and how these problems evolve over
time or analyze influences of hearing problems on fatigue
(L. A. Burke & Naylor, 2020). EMA has also been used to
assess the benefit of an intervention such as hearing aid
provision (e.g., Andersson et al., 2021; Glista et al., 2009;
Jensen et al., 2019; Schinkel-Bielefeld, 2020; Wu et al.,
2019) or how participants interact with assistive technology
(e.g., Vercammen et al., 2021; Welling et al., 2020).

Apart from the general advantages of EMA outlined
above, the application of EMA specifically in audiological
research offers some additional benefits. As the acoustic
environment can change drastically from one moment to
the next, so can potential hearing difficulties. Therefore,
EMA’s ability to focus respondents’ attention on the pres-
ent moment is a very valuable property. It acquires addi-
tional value if collection of pertinent objective data is time-
locked to self-report instances and if EMA data collection
instances are linked to hearing device status. However,
when attempting to exploit these audiology-specific oppor-
tunities, one faces a host of challenges, which are also more
pronounced in audiology than in many other fields. These
include issues of speech privacy, classification of potentially
quickly changing auditory environment, and novel sam-
pling biases arising from an elderly, potentially less tech-
savvy and more conservative target population and disincli-
nation to complete EMA surveys in some of the situations
most relevant to audiology, such as group conversations.

There are several articles with guidelines for imple-
menting EMA studies, both with general recommenda-
tions (Shiffman et al., 2008; Stone & Shiffman, 1994) and
targeting specific contexts (e.g., work organization; Beal &

Weiss, 2003) or populations (e.g., young people; Heron
et al., 2017). While such articles are helpful in designing
any EMA study, there are aspects specific to audiology
not covered by those resources. This tutorial is the out-
come of an online workshop series over the course of
2 years where the authors exchanged experiences with
EMA and discussed implementation choices. All partici-
pants of the workshop series had experience with EMA in
audiology and had published research on this topic. While
we hope that through this tutorial researchers getting
started with EMA can benefit from our experience, this
can of course not replace solid scientific evidence that on
many design and analysis questions in EMA is still miss-
ing. The current work builds on previous review articles
of EMA methods in hearing research (Holube et al., 2020;
Timmer et al., 2018b). While Holube et al. (2020) summa-
rized the current state and challenges of EMA some years
ago and reasonably cited Jacobs and Kaye (2015) stating
that EMA in hearing research is still in its infancy, EMA
has certainly now reached adolescence. The authors of the
present article have been involved with EMA in one way
or another. They share their experiences and cautiously
provide recommendations for the use of EMA in audio-
logical research to increase interoperability of research
activities and to advance the methodology. Finally, the
current article provides an update on the extant literature
published in the last 4 years.

In the following sections, we describe aspects of
EMA research in audiology from the last decade. For
each aspect, we describe the opportunities presented by
EMA, the challenges to realizing those opportunities, and
(where possible) considerations for the reader based on
our collective experience. This process also reveals areas
in which further methodological research is needed before
guidelines can be formulated. Considerations that must be
made in all audiological research studies regardless of
methodology are not discussed, except where these are of
direct relevance to EMA-related considerations.

Some of the recommendations in this article are
based on the authors’ experience or opinion rather than
being solely evidence based. Recommendations may not
be universally applicable to all EMA studies. Hence,
readers should carefully assess their research questions
and decide whether to integrate the suggestions of this
article into their studies based on their specific content.

Study Protocol (Design and Execution)

EMA study designs are typically very different from
studies using retrospective self-report, even when the
research questions are similar. Design factors for which
EMA provides new opportunities and challenges include
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the recruitment and retention of participants, length and
timing of the study, study design and sampling scheme,
and survey design. Study design should include consider-
ations for obtaining high-quality data, while minimizing
participant burden and maximizing compliance. This sec-
tion considers all these factors except survey design, which
is discussed in detail later in a section of its own.

Opportunities

EMA provides the basis for gaining rich insights
into people’s hearing-related experiences, across time,
environments, intents, and activities. The flexibility of
design with respect to data collection period, survey tim-
ing, and survey content is one of EMA’s major advan-
tages, allowing researchers to focus on different aspects of
participants’ experience as desired.

The sampling scheme determines the timing of sur-
vey prompts, and the time windows after prompts within
which responses are allowed (i.e., assumed to be valid).
The main classes of schemes are (a) time based, in which
clock timepoints (random, semi-random, or at fixed inter-
vals) trigger survey prompts; (b) event based, in which sur-
vey prompts are triggered when objective metrics (e.g.,
sound level, location, movement) acquired from coupled
devices fulfill specified criteria; and (c) user initiated, in
which the participants themselves decide when to complete
a survey (see, e.g., Holube et al., 2020, for an overview).
The scheme in action in any given EMA study may be a
combination of several types and multiple instances of a
given type, according to study needs.

The ability to implement complex sampling schemes
enables EMA studies to gather data addressing research
questions with differing degrees of retrospection in paral-
lel, potentially increasing the wvalidity of the study
outcomes. Surveys can address momentary experience
(“Right now . . . ), include history (“Since the previous
survey . . . 7 or “In the last five minutes . . . ”) or even
look forward (“What do you expect . . . 7). Enquiring
about momentary experience is particularly well suited
when the focus is on sensations or attributes that are hard
to remember, such as loudness. Event-based prompts can
be based on data collected from sensors in hearing
devices, smartphones or other devices, to sample specific
environmental conditions.

For self-initiated surveys, the research aim will usu-
ally necessitate some specific instructions for when to initi-
ate a survey. Studies can aim at covering a variety of lis-
tening situations with instructions such as “describe listen-
ing conditions that last longer than 10 minutes” (Wu &
Bentler, 2012) or “all types of sound environments are rel-
evant” (Jensen & Nielsen, 2005). They can also aim at

catching specific situations not accessible to objective
detection, such as situations experienced as fatiguing
(L. A. Burke & Naylor, 2020) or good/difficult listening
experiences (Lelic et al., 2022). In some studies, the test
participants are asked to self-initiate a certain number of
responses per day (Schinkel-Bielefeld et al., 2020).

EMA studies can be configured to reach large and/
or diverse populations, for instance by allowing anyone
who downloads an app to participate (Pryss et al., 2019;
Schlee et al., 2016). For some research questions, these
benefits may outweigh any loss of laboratory-standard
data, such as audiograms. Even when selecting partici-
pants from a prerecruited pool, “non-contact EMA” (not
involving face-to-face meeting with a researcher) can
reduce the burden of participation and minimize pressure
on physical research facilities (Borschke et al., 2021; L. A.
Burke & Naylor, 2022).

In contrast with traditional retrospective self-report
studies, EMA studies typically harvest multiple self-
reports from each participant on each construct of inter-
est. This generates a very different structure in the result-
ing data and thereby creates opportunities to gain insights
into those constructs that are not possible with more tradi-
tional approaches. Novel aspects include temporal varia-
tion and dependence on preceding events.

Challenges

The temptation could be strong to maximize data
collection period, survey frequency, and survey detail
because the cost to the researcher of gathering more data
is close to zero. However, the risk is that only the most
highly motivated and compliant participants will complete
this type of design, leading to biased results. Resisting this
temptation and finding a balance between acceptable par-
ticipant burden and data richness is possibly the most
prevalent challenge in EMA study design. It is also recom-
mended to keep the study design simple and to focus on a
single research question, rather than trying to use the
often large amount of data collected to answer too many
research questions at once.

The sociodemographic composition of participant
samples is often considered of secondary importance in
experimental studies but is likely to be important in EMA
studies, which typically probe everyday social behavior
(Schinkel-Bielefeld, Lee, et al., 2022). For example,
employed individuals have shown both lower EMA com-
pliance and greater withdrawal (L. A. Burke & Naylor,
2020; Wu et al., 2021). Smartphone-based EMA is undeni-
ably easiest when carried out with participants who are
already adept smartphone users. However, several of the
present authors have successfully collected EMA data with
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smartphone-naive participants, although the burden for
the researcher and participant might be higher (Maes
et al., 2022). Even with smartphone-savvy participants,
previous experience of the tasks involved in EMA leads to
higher compliance and completion rates (L. A. Burke &
Naylor, 2022). In contrast to lab-based procedures, partic-
ipants in EMA studies are required to independently carry
out the tasks, operate the equipment, and judge whether
the EMA activity poses a risk to self or others (e.g., while
driving or walking). This may discourage certain types of
people from participating or cause them to drop out. The
same is true in relation to EMA devices that alter the
appearance of the wearer (e.g., neck-worn devices, cables).

The timing of an EMA data collection period is
important to consider, since people’s activities can vary
across, for instance, the time of day, the day of week, the
season, and due to personal exceptional events. Whether
any of these factors present a significant risk will depend
on the research question. Situations that are very infrequent
(but potentially important for the participant or researcher)
may not be captured, even in a long data collection period.

It is sometimes impractical, distracting, prohibited,
or even unsafe to respond to an EMA survey immediately
and with reference to the present moment, as it requires
interrupting the current activity. This effect may be accen-
tuated in situations that demand careful attention—which
may well be the types of situations of most interest to the
researcher (Schinkel-Bielefeld et al., 2020). For general
self-reports, Maniaci and Rogge (2014) found that inatten-
tion when responding was associated with low internal
motivation.

Recommendations

Participants

Factors that might affect the participants’ likelihood
of completing the study or providing high-quality data
could be used as inclusion or exclusion criteria. Such cri-
teria include tech-savviness, (low) hearing handicap (i.e.,
for research examining effects of rehabilitation), and issues
concerning cognition (i.e., being able to understand
instructions) and sensory abilities such as low vision and
manual dexterity (i.e., being able to effectively use a
smartphone). Alternatively, participants could be assessed
on those aspects to later analyze how compliance or data
quality covary with each aspect. Participants could also be
assessed for personal traits that might have an impact
on their self-reporting of the constructs being studied
(Steffens et al., 2017).

At the end of the study, it is advised to do a debrief-
ing or exit interview to encourage participants to report
on potential problems. This can help to improve the

design of subsequent studies and to understand reasons
for any unexpected results.

Study Period

When scheduling participants, and if the design
depends on representative sampling of “normal” daily life,
researchers should ask participants about any planned spe-
cial events upcoming, such as vacations or hospital stays.
Then, if the timeline allows it, the EMA data collection
period could be altered for those participants. Researchers
should also use debriefing interviews or surveys to deter-
mine if any unexpected or exceptional events have
occurred and treat these time periods appropriately in
data analysis.

Length of field trial should be a balance between
the time needed to answer the research question and par-
ticipant burden. Three weeks with eight random prompts
per day plus extra prompts in loud environments and ask-
ing the participants to self-initiate surveys was too burden-
some in one study (Schinkel-Bielefeld et al., 2020). How-
ever, after a 4-week study with only self-initiated surveys
in nine speaking situations per week, three out of 16 par-
ticipants spontaneously offered to extend the study period
during the remote exit interview and no one complained
about the study length (Schinkel-Bielefeld et al., personal
communication). Two weeks with six surveys per day was
well accepted (L. A. Burke & Naylor, 2020).

In audiological EMA studies aiming to encompass a
representative diversity of auditory ecology for individual
participants, informal analyses by two of the present
authors’ groups have found that a data collection period
of 1 week covers people’s auditory reality and related
everyday life routines well. A second week of data collec-
tion did not provide significant additional insights (Naylor
et al., personal communication: seven to eight surveys per
day; Wolters et al., personal communication: seven to
eight surveys per day).

If hearing device functionality under diverse and
realistic conditions is the subject of investigation, a short
study period with many prompts may suffice (von
Gablenz et al., 2021), especially if participants are
instructed to fulfill certain tasks (e.g., going to a mall, a
restaurant, a busy street) designed to encompass relevant
dimensions of diversity. Weekend activities may be differ-
ent from those during weekdays. Thus, it is recommended
to include both if the study is shorter than a week.

If acclimatization to hearing devices or changes in
behavior are of interest, or it is important to include
uncommon situations, then it is vital that the study spans
a sufficient time. When comparing two hearing device
conditions, it is recommended to include the same days of
the week in the two phases as certain activities may recur
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on certain weekdays. While this may suggest having a full
EMA week for each phase of a study, this can result in
high participant burden. It may be helpful to allow partic-
ipants to choose some EMA-free days (e.g., every
Monday), or to build in a break between study phases.

Sampling Scheme

For momentary assessments, it is generally advanta-
geous if the time of the prompt is not predictable to the
participants. This prevents them from altering their behav-
ior based on prompt expectation. Prompts at random
times aim to get a representative distribution of the partic-
ipants’ listening situations throughout the study period
and to avoid sampling a regularly recurring (e.g., same
time every day) activity. There can, however, also be
research questions for which it would be beneficial to sam-
ple specific reoccurring events. The chance of catching
uncommon events can be increased by asking participants
to self-initiate surveys in those situations or by asking
about experiences during the period since the last prompt
(Galvez et al., 2012). In the latter case, one should con-
sider how valid retrospective responses may be.

There should be a timeout for surveys, to prevent
participants from starting the survey at one point in time
and finishing it much later. This reduces the likelihood of
the first part of the survey referring to a very different situa-
tion than the last part. Longer timeouts of 1-2 hr may be
justified if, for example, objective data are collected between
the start and finish of a survey and the data collection is
supposed to also cover longer conversations (Schinkel-
Bielefeld et al., personal communication). If only subjective
data are captured, the survey timeout period should be shorter
(e.g., 15-30 min). Based on prior experience of how long
after group conversations participants typically responded,
Schinkel-Bielefeld et al. (2020) selected a 30-min timeout.

Compliance, Burden, and Reactivity

As a general principle, participant compliance (the
degree to which all required tasks are correctly carried
out) decreases as participant burden increases (Schinkel-
Bielefeld, Gotholt Madsen, & Lelic, 2022). Compliance in
EMA is influenced by several factors such as carrying the
equipment as instructed, the request to respond every time
a survey prompt occurs, answering individual survey ques-
tions conscientiously, and alerting the researchers when
problems occur. Correspondingly, efforts should be made to
minimize participant burden, as poor compliance diminishes
data quality. There is no clear threshold for acceptable
compliance at the level of individual participants, but evi-
dence of systematic noncompliance on some aspect across
participants might indicate a threat to validity in the
results. Therefore, we recommend that compliance is care-
fully considered. This is likely to be both quantitative

(e.g., percentage of surveys completed) and qualitative
(e.g., debriefing interview to identify specific situations in
which the participant did not carry the equipment). A dis-
cussion about how to calculate compliance can be found
in the Analysis section.

Instructions, training, and the availability of ongo-
ing support for the participants play an important role in
participant experience, burden, and compliance (Mehl &
Conner, 2011; Scollon et al., 2009). T. C. Christensen
et al. (2003) suggest that, if possible, all initiation sessions
should be delivered by the same researcher or group of
(consistently trained) researchers. Some important aspects
of the instructions are listed below.

° By the end of instruction and training, participants
should understand what is expected of them, as they
are more likely to comply with the EMA schedule
and provide useful responses if they are invested in
the study (Green et al., 2006).

° The schedule, including the number of surveys to
expect per day and the number of days in the study
period, should be clear to the participant. Depend-
ing on study design, this is also the point at which
the EMA schedule can be customized to the partici-
pant’s preference. Setting the schedule in ways that
work for individual participants can be helpful for
compliance (Bolger et al., 2003).

° If the EMA protocol includes self-initiated surveys,
participants need to understand the nature of the events
of interest. Clear definition and understanding are
essential for obtaining good data (Bolger et al., 2003).

° If the goal of the EMA study is to assess the fre-
quency of particular listening situations, it is impor-
tant to emphasize that repeated reports on the same
type of situation are of interest, as participants may
consider repeated reports in similar situations irrele-
vant and/or be bored by repeating their responses.

Regardless of prior level of technological compe-
tence (L. E. Burke et al., 2017), participants should receive
practical training on:

° how to use the smartphone and app, including how
to respond to EMA surveys;

° how to interpret survey questions and response options;

° how to use, care for, and charge the equipment,
which may include a study smartphone, hearing
devices, a streaming device, and other sensors; and

° what to do if problems are encountered.

Ideally, multiple modalities should be used for
instructions, training, and help, including an interactive
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session and supplementary resources to take home for
the duration of data collection (LoBuono et al., 2020).
In-person sessions are ideal but can be substituted by
live video-conferencing in noncontact studies. Prere-
corded instructional videos may be better than written
instructions for practical how-to aspects. In the absence
of videos, written instructions (which should always be
provided) should include plenty of visual aids to
understanding.

Where possible, participants should be able to com-
plete at least one practice survey at initiation. It may be
useful for the researcher to use a prototype smartphone
and app for this purpose. Otherwise, any practice responses
should be removed prior to analysis. Researchers must also
consider if they want to include “run-in” days or surveys in
their study, as done in Wu et al. (2019), during which par-
ticipants learn to navigate the EMA methodology with fre-
quent researcher interaction (Wu et al., 2018). This refers
to the first n days of the study, or the first n surveys com-
pleted, which would be considered practice days/surveys
and discarded from the final data set. Unusual response
patterns may occur as participants are getting used to the
equipment and may need time to arrive at a stable map-
ping from the rating scale to experienced situations. In
addition, participants’ awareness of aspects relevant to the
research question might change. The duration of the study
and the considerations of the impact of discarding poten-
tially useful data from those initial days should guide this
decision. If the study includes a technical intervention
under test (e.g., hearing aids), an acclimatization period for
getting used to that technology parallel or prior to the run-
in days is advisable. With respect to researcher activities to
support compliant behavior once data collection has begun,
recommendations include:

° Participants must be able to contact the researchers
if problems arise, and preferably each participant
interacts with the same researcher throughout. Con-
tact details can be provided within the app or phone
software, on the back of the phone, and/or on article
instruction guides.

° Software on the phone that allows screen sharing
during the call may make it easier for study person-
nel to give instructions, especially to less tech-savvy
participants.

° It can be beneficial to proactively check in with par-
ticipants during the data collection phase, especially
early on. Jenstad et al. (2021) checked in with par-
ticipants daily for the first few days, using the par-
ticipant’s preferred contact method, then weekly
until the end of the study. Lelic et al. (2022)
checked in with participants at least twice over a 2-
week trial. Identifying participants who are unable

or unwilling to comply at an early stage minimizes
distress and allows researchers to legitimately dis-
card a participant’s data and recruit a replacement.
Note that checking in with participants is itself a
source of participant burden and therefore should
not be overused.

° It can be beneficial to monitor ongoing data collec-
tion via cloud data services and follow up with par-
ticipants whose data appear too sparse or implausi-
ble, to identify and rectify misunderstandings or
technical issues.

° Providing a summary of individual EMA results
after the data collection period can motivate partici-
pants to comply in their own interest (von Gablenz
et al., 2021).

Other recommended means to improve compliance
or reduce burden include:

° Surveys should be short. This may be particularly
important in situations where survey completion
otherwise inconveniences the participant (Schinkel-
Biclefeld et al., 2020). Stone and Shiffman (2002)
suggested a maximum completion time of 3 min.

° Prorated monetary incentives (i.e., paying a certain
amount per response) should be used with caution.
While monetary incentives can affect motivation for
participating in the study, they do not necessarily
ensure study compliance (Henry et al., 2012) and
they could lead to false reporting.

° Participants should be able to snooze prompts, so
that the prompts are presented again after a prede-
fined duration of time (Jenstad et al., 2021), or to
configure do-not-disturb times (Schinkel-Bielefeld
et al., 2020). If there is no such function, irritation
may cause participants to leave the phone at home
or set it to silent, leading to missed surveys.

° Using the participant’s own smartphone may increase
the motivation to carry it and would ensure that the
participant knows how to use the smartphone. How-
ever, technical problems or high battery consumption
resulting from the EMA app could potentially result
in frustration if it affects their own phone. If the par-
ticipant’s own apps drain a lot of battery, it may not
last for a full day, impacting the amount of EMA
data that can be collected. Participants may also be
unwilling to change phone settings to the researcher’s
requirements. On a study smartphone, a kiosk mode,
that is, a mode where only the EMA app is accessi-
ble, may reduce the fear of causing harm by pressing
any wrong buttons.

Schinkel-Bielefeld et al.: EMA in Audiological Research 653

Downloaded from: https://pubs.asha.org 217.8.9.215 on 03/12/2025, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions



° In cases when the ability to use an EMA device may
be limited by physical conditions such as fine motor
deficits or visual impairment, the EMA device or
user interface should be adapted, if possible.

Shiffman et al. (2008, p. 20) defined reactivity as
“the potential for behavior or experience to be affected by
the act of assessing it.” In practice, reactivity has not been
found to be a significant issue in EMA studies in general
(Barrett & Barrett, 2001; Shiffman et al., 2008; Trull &
Ebner-Priemer, 2013) or in hearing research (e.g., L. A.
Burke & Naylor, 2020; Jenstad et al., 2021; von Gablenz
et al.,, 2021). Although reactivity seems to be a small
effect, steps should be taken to reduce the likelihood of it
occurring, including a variable prompting schedule for
phenomena sensitive to reactivity (Bolger et al., 2003) and
minimizing the number of prompted surveys (Liao et al.,
2016). We recommend that the risk of reactivity be con-
sidered and its occurrence monitored (e.g., via pre—post
comparison of a reference measure independent of the
study outcome measures and/or during debriefing inter-
view) and reported. Alternative post hoc methods are
described later under the Analysis section.

As with any type of participatory study, thorough
piloting is essential to resolve inadequacies, starting, for
example, with the researchers themselves, then semi-
colleagues, and finally a few representative participants.
At each stage, the complete protocol should be evaluated.

Technical Platform

In this section, technical recommendations for con-
ducting EMA research in audiology are provided. Given
the ubiquity of smartphones and recent advancements in
the development of publicly available EMA application
solutions, we focus on electronic EMA solutions. EMA
studies in the field of audiological research have combined
participants’ momentary self-reports with the additional
collection of objective, often acoustical, data from various
sources (Holube et al., 2020). These objective data are typ-
ically collected automatically without the need for partici-
pants’ interaction with the EMA system. Self-reports are
an essential part of EMA methodology (Shiffman et al.,
2008), and consequently, the recommendations summa-
rized in this section presume that self-reports are a manda-
tory element of EMA study designs.

Opportunities

Objective acoustic data can be recorded through
hearing devices (Aldaz et al., 2016; J. A. Christensen
et al., 2019; Jensen et al., 2019; Timmer et al., 2017),
smartphone devices (Aldaz et al., 2016; Mehl, 2017), noise

dosimeter (Wu & Bentler, 2012; Wu et al., 2015), ear-level
microphones (Kowalk et al.,, 2020; Pohlhausen et al.,
2022), or audio recorders (Hasan et al., 2017; Jensen &
Nielsen, 2005; Li et al., 2014; Wu et al., 2018).

EMA research involving hearing devices brings the
advantage of a device that can monitor objective data
without additional equipment. A hearing device’s built-in
detectors can be used to estimate the sound level, whether
any speech is present in the environment, and the sound
environment classification (Jensen et al., 2019; Lelic et al.,
2022; Schinkel-Bielefeld, 2020; Schinkel-Bielefeld et al.,
2020). In addition to microphones, hearing devices may
contain other sensors such as accelerometers or gyro-
scopes. Given the active research on the use of electroen-
cephalogram or electromyography for predicting auditory
attention, more novel sensors may become available in
hearing devices in the future. Furthermore, data describing
the devices’ momentary performance (e.g., active features)
can also be gained.

Objective data may replace some subjective assess-
ments, or they might be used to classify the environment
in which the participants make a self-report. Objective
data such as estimated overall sound levels, signal-to-noise
ratio (SNR), and/or sound classes can also be used to trig-
ger surveys in specific events (Jenstad et al., 2021;
Schinkel-Bielefeld et al., 2020).

For studies in everyday life, where the element of a
controlled trial is lost, objective data can be used to verify
subjective reports. Inconsistencies are sometimes found.
For example, a participant might indicate that she is in a
quiet home environment when the objective data point to
a loud traffic environment. If such inconsistencies are
found, attempts should be made to investigate them, for
example, during a debriefing interview. When logging
hearing program or hearing aid volume, these parameters
can be taken into account during data analysis. This way
they can be controlled for without the need to keep them
constant for all participants.

Moreover, long-term objective data allow for observ-
ing trends in the acoustic environments where interaction
with an EMA app is less frequent. Based on objective hear-
ing aid data, Schinkel-Bielefeld et al. (2020) observed that
speech-in-noise situations were underrepresented and quiet
situations were overrepresented in subjective assessments
relative to the entire wear time. Finally, data from hearing
devices can be used to gain insight into performance of the
device’s features during critical listening moments (Lelic
et al., 2022).

Using a smartphone app rather than pen-and-paper
surveys offers the opportunity for adaptive surveys, where
responses to one question determine which questions
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appear next. Additional opportunities lie in the possibility
to change the questions and the sampling scheme remotely
for different phases in the study or for troubleshooting.
Software-based surveys allow for the expiration of
prompts; that is, the survey times out after too long has
passed since the prompt. When using a manufacturer-
specific app, the app may be programmed to also function
as a remote control for hearing devices, allowing for func-
tions that may benefit the participant. Finally, there might
be other possibilities, such as gamification, that have not
yet been used for audiological research.

Challenges

Many individuals with hearing impairment are older
adults who, as a group, have less experience with smart-
phones and potentially have deficits with vision and motor
skills that make smartphone use challenging. Test partici-
pants with hearing impairment may not hear the prompt
to complete a survey.

If collecting objective data at high sampling rates,
the data will require a lot of storage space on the smart-
phone. The demand for memory will be further increased
if photo or video data are stored. Although EMA research
can benefit from hearing device parameters, such as sound
levels or classification of the situation, the acoustic detec-
tors in the hearing devices are usually designed to steer
the functionality of the hearing device and cannot easily
be tailored to specific research questions or compared
between manufacturers.

Recommendations

Mobile Devices

The EMA app can either be installed on the partici-
pant’s own smartphone or on a dedicated study phone. As
discussed in the section about study design (Compliance,
Burden, and Reactivity), both strategies have pros and
cons. Other devices, such as smartwatches, can also sup-
port prompts and simple responses (Ponnada et al., 2021).

We cannot make recommendations regarding type
of phone and operating system for EMA studies. A
noncontact EMA study, where participants used their
own smartphones, found that technical problems were less
frequent for participants who used smartphones with
tightly governed operating systems (i.e., iPhone iOS; L. A.
Burke & Naylor, 2022). However, if a dedicated study
phone is used, it is important to consider the type of
phone the participants are used to. More training might
be needed if an unfamiliar operating system is used.
Finally, the use of a dedicated study phone has the further
advantage of minimizing differences in specifications
between phones, which could potentially have an impact

on objective data measured by the phone (e.g., physical
step-counting).

If different types of data are collected, for example,
subjective assessments as well as objective recordings, it is
possible to combine the use of different apps for EMA
responses and objective data collection in the background
as long as participants do not have to switch between
apps and the apps do not hinder each other to collect data
when active simultaneously. Cables and plugs into the
smartphone should be avoided if possible.

The device screen size should be sufficiently large to
provide readability and allow participants to use the on-
screen keyboard to type survey responses. Smaller screens
or smartwatches are acceptable if only very simple ques-
tions are posed with yes/no answers or a brief rating scale
(Manini et al., 2019; Ponnada et al., 2021).

Ideally, the accumulated responses from a partici-
pant’s test period should be storable on the device’s inter-
nal memory, even if data are regularly uploaded to a
secure server. This is useful in case a participant spends
large amounts of the study time in an area with insufficient
internet reception. The device memory must handle the
expected amount of data, particularly if objective data are
being collected. As an alternative, cloud storage should be
considered, which might reduce storage demands. Neverthe-
less, data storage on the smartphone should be possible in
case internet access is not available. Since Wi-Fi access can-
not be assumed for all participants, SIM cards might be
required. In terms of the device’s power consumption, it is
required that the battery lasts throughout the participants’
waking hours and is fully rechargeable when not used.

For studies involving prompted surveys, the output
level of the device must be sufficiently high to make
prompts audible, even in environments of high sound
levels or when the smartphone is worn beneath clothes or
in a bag. Haptic feedback (vibration), visual notification,
or streaming of the signal to hearing devices becomes
essential for participants with severe hearing loss. Notifica-
tions streamed to hearing devices additionally allow the
notification to go unnoticed by bystanders. This may make
it easier to bring the study smartphone and keep alarms
enabled in situations where an audible alarm might be con-
sidered inappropriate. Incident reports of technical issues
experienced by individual participants should be kept, such
that future versions of the setup can be improved (L. E.
Burke et al., 2017; T. C. Christensen et al., 2003).

Objective Data

Storing audio recordings of everyday situations
could be ethically problematic if people who did not con-
sent are audible. In several countries, such recordings are
forbidden for privacy reasons. Instead, one can store
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smoothed or down-sampled features of the input such as
sound levels, estimated SNRs, or sound classifications
(Bitzer et al., 2016). This can be done with automatic
methods that extract relevant parameters. Bitzer et al.
(2016) proposed a framework in which a temporal weight-
ing of successive frames with a time constant of 125 ms
was applied during calculation of the power spectral den-
sity to prohibit any speech intelligibility. Recommenda-
tions for how to analyze and report acoustic data can be
found in the Analysis section.

The position in the hearing device architecture
where the recording was taken from should be reported,
that is, whether the objective data were captured before or
after processing in the hearing device (e.g., directionality,
noise reduction, compression). Furthermore, we recom-
mend verifying the relationship between the objective data
from hearing devices and the acoustic input with a variety
of stimuli prior to the study.

When audio recordings or features derived from those
recordings are used in a study, the sound quality of the
recording and placement of the recording device can affect
the results. This must also be considered during the training
phase. For example, Wu et al. (2018) instructed their partic-
ipants how to wear the audio recorder, especially regarding
the orientation of the microphone (e.g., to always keep the
microphone facing outward and not under clothing).

One option to facilitate environment characteriza-
tion is to take a photo or a short video of the scene when
making an assessment. Manual or automatic face smear-
ing may then be necessary for compliance with data pri-
vacy regulations.

EMA Applications

EMA applications must account for a variety of fac-
tors described in detail throughout this review: the design
and setup of the study, data collection, and data analysis.
In general, three approaches can be distinguished: (a)
using a diary or logbook application paired with a
reminder application, (b) using a publicly available or
open-source EMA application (e.g., oIMEGA, LifeData,
Ethica), or (c) using a manufacturer-specific application
(e.g., Widex/Sivantos EMA app, Sonova MobEval). Apps
that can collect manufacturer-independent objective data
allow for the comparison of different devices or studies
without hearing devices when objective data are of interest.

Timestamps for each assessment and the objective
data should be stored alongside the data themselves. The
type of response, either self-initiated or prompted, should
be identified. The ability to customize the survey notifica-
tion modality (haptic, visual, or auditory) may be helpful.
Pilot testing of EMA applications for technical and user-
related robustness is essential.

Surveys

Aspects of EMA survey design and content are gen-
erally tailored to the specific research question(s) of indi-
vidual studies. Consequently, the comparison of outcomes
across EMA studies, even when similar concepts are
assessed, is challenging. A compilation of recommenda-
tions for design and content may improve the validity of
individual studies and facilitate the comparison of findings
across studies. The recommendations compiled in this sec-
tion are based on experiences from many EMA studies
executed by the present authors.

Opportunities

The primary opportunities offered by surveys in a
smartphone-based EMA context are those of program-
ming flexibility, different trigger options (e.g., self-
triggering, triggering at different times of the day, or trig-
gering based on features of the environment observed by
sensors), including special prompts in certain acoustic
environments (e.g., loud noise), branching of question-
naires, and adaptive behavior (e.g., questions can be
omitted when not relevant). Schinkel-Bielefeld et al.
(2020) have shown that offering a short mandatory and
long optional version of the same survey may offer a
good balance between getting detailed information for
most situations and not imposing too much burden. This
approach would still provide the most essential informa-
tion in situations where compliance with longer surveys
may be difficult, as, for example, speech in noise or
group conversations.

Challenges

With smartphones, limited screen space means that
items must be brief. Scrolling to see all the response
options of a single question or to get to the next button is
not intuitive for participants and requires more training.
Many different response options are available (see the Sur-
vey Item section); however, it is unknown which response
options are best suited for different contexts. Finally, a
further challenge is the inability of the experimenter to
clarify meaning of survey questions and response options
once participants are out in the field. This speaks to the
development of careful instructions and ensuring that sur-
vey items are piloted with naive participants.

Recommendations

Survey Item Design

Here, we describe different question types and con-
siderations. There are different response types typically
employed in EMA. Single-choice, slider questions or scale

656 American Journal of Audiology e Vol. 33 ¢ 648—673 e September 2024

Downloaded from: https://pubs.asha.org 217.8.9.215 on 03/12/2025, Terms of Use: https://pubs.asha.org/pubs/rights and_permissions



questions using stars or emojis are often employed for rat-
ings. Multiple-choice questions are often more suitable for
context questions, such as the listening situation. While
sliders have the advantage that only labels for the end
points are necessary, single-choice questions that offer a
label for each option might be interpreted more similarly
by different participants (Marks & Gescheider, 2002) and
are easier to deal with in case of limited dexterity or
vision. Ideally, a question and all its response options
should fit on one screen.

Free-text responses can be used if qualitative
responses are central to the study or to obtain a response
that does not fit any of the provided response options in a
named category question. This is beneficial in initial stud-
ies when not all relevant response options are known in
advance. When both options (predefined responses and
free text) are provided, participants should be instructed
to tick the response option if applicable and only use the
“other/further detail” if necessary.

Studies may include comparisons between hearing
device programs. This can be done in direct paired com-
parisons, where participants switch between two listening
programs and indicate which program they prefer (Smeds
et al.,, 2021). Using simulations, Leijon et al. (2019)
showed that the inclusion of graded/ordinal responses
increased the precision of the measurements considerably.
Inclusion of “cannot decide” or tied responses also tended
to improve precision. Alternatively, comparisons can be
made using indirect comparisons, where participants rate
one listening program and later the other listening program
(for instance, using one program one day and the other
program the next day). Afterwards, the researcher can com-
pare these two ratings. Direct paired comparisons have the
advantage that both programs are evaluated in the same
situations, whereas indirect comparisons are quicker to per-
form and can be perceived as less burdensome by partici-
pants (Schinkel-Bielefeld, Gotholt Madsen, & Lelic, 2022).

If the participant has difficulty with one question in a
specific situation, allowing them to skip that question ensures
that subsequent questions can be answered instead of abort-
ing the whole survey. However, it is recommended to make
at least the central questions of the study mandatory. If
questions with slider responses are included as optional ques-
tions and the slider cursor has an initial placement, it should
be ensured that the researcher can distinguish between a
skipped question and a question that is answered with the
initial value of the slider. Hence, movement of the slider
should be necessary for the answer to be accepted.

Content
We do not yet have sufficient data in our research
field to recommend a core set of survey items to be

included in all EMA studies. Instead, in the Appendix, we
provide examples of survey items that have been imple-
mented in various EMA studies and proven to provide
valuable data. Examples have been grouped in three cate-
gories: (a) questions useful in most audiological studies, (b)
questions useful for studies using hearing aids, and (c) ques-
tions for specific research questions. Each example includes
a reference to the originating study and a list of references
that have used similar question content. If the examples
were originally not in English, translated questions and
response options from the publications have been used.

Often a last optional question giving participants the
opportunity to tell the researcher anything they consider
relevant is a good idea. This can contain valuable infor-
mation from reporting errors, difficulties with EMA
equipment or hearing devices, to additional information
that may help interpret a particular response.

Almost all EMA studies in audiology require cate-
gorization of the listening situation for each survey. In
order to make EMA data comparable across studies, we
recommend that data on experienced listening situations
be organized in a way that is compatible with the
Common Sound Scenarios (CoSS) framework (Wolters
et al., 2016), which categorizes listening situations based
on contextual classification of intention and task. The
CoSS framework can be incorporated into the study
design, such that options of listening activity reflect those
in the framework. Alternatively, the acquired data can be
recategorized into CoSS categories in the analysis stage
(e.g., von Gablenz et al., 2021).

Given the ongoing burden of EMA studies and the
repeated nature of data collection, so-called careless
responses may be a bigger problem in EMA than in tradi-
tional survey or online survey studies (Scollon et al.,
2009). If there are concerns about the possibility of care-
less responding to surveys, one approach is to explicitly
ask participants if they were paying attention to the ques-
tions, as done by Eisele et al. (2020), or to introduce trick
questions that appear occasionally, such as asking the par-
ticipant to select Option 1 and if the participant selects any-
thing else, it could be deemed as a careless response. How-
ever, including such trick questions should be kept to a
minimum as there is a fine line between attention check
and policing (and irritating) the participant.

Analysis

In this section, issues to consider when analyzing
EMA data are outlined together with what has been done
so far and coupled with the authors’ recommendations for
handling this type of data.
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Opportunities

EMA studies typically provide large data sets with
multiple sources of data. These rich data sets can often be
analyzed for multiple research questions. Due to the large
number of responses, they can be analyzed for different sit-
uations separately, revealing potentially opposite effects in
different situations that may cancel each other out when
pooling over all situations. In addition, they allow for the
analysis of longitudinal processes. Data can be analyzed at
the group level as well as for individual participants.

Challenges

The amount and quality of EMA data can vary
drastically between individual participants, and this needs
to be addressed during data analysis. Compliance, reactiv-
ity, sampling strategies, EMA equipment, and lifestyle
itself are among several factors that can influence data
quality. A good study design, as discussed in previous sec-
tions, can overcome some of these issues, but not every-
thing can be controlled for.

EMA studies typically include both subjective and
objective data. Subjective EMA data can be nominal, for
instance, categorizing the experienced environment in pre-
defined categories (e.g., Smeds et al., 2020) or ordinal, for
instance, rating listening effort in the experienced situation
(e.g., von Gablenz et al., 2021). Researchers and statisti-
cians are debating if powerful analysis methods suitable
for interval data can be used for ordinal data. Some
researchers argue that parametric analyses should not be
used for ordinal data (e.g., Liddell & Kruschke, 2018;
Svensson, 2001), whereas others argue that parametric
analyses can be used when certain assumptions are met
(see Oleson et al., 2022).

Because objective data are mostly collected with
sensors external to the smartphone, data transmission is
not always guaranteed, which creates a risk of large
amounts of missing data. Data analysis approaches
for EMA studies, particularly those involving objective
data, are still in their early stages. Various analysis
approaches have been applied, and there is no clear con-
sensus yet.

Recommendations

Data Checking and Cleaning
The amount of analyzable data and data loss should
be documented.

Compliance. Calculation of survey compliance should
take into account the sampling scheme and instructions
given to the participant (Holube et al., 2020). Compliance

has typically been based on proportion of reports answered
as a function of expected number of prompts. As EMA
studies often include a combination of prompted and self-
initiated responses, it has been a challenge for the
research community to agree on the most appropriate
way to calculate compliance. Compliance should be
reported as number of completed surveys relative to the
expected number, if applicable separately for different
kinds of reports (e.g., prompted and self-initiated). The
timing of missed surveys (e.g., if they were always during
the same time window each day) should be considered in
interpretation of compliance.

When the EMA study is based on self-initiated sur-
veys, numerical compliance may be difficult to calculate
and should be based on whether the participants per-
formed the task as instructed. For example, if the task
was to complete three surveys each day, compliance is eas-
ily calculated. If the task was to complete a survey when-
ever in a noisy environment, it is less straightforward. While
subjective data cannot verify the surveys were completed in
the correct environments, communication with the partici-
pant during debriefing can achieve some level of confidence.

In any case, the assessment of compliance should
not only be based on numbers. Reasons for missing data
should be investigated and reported too, to cover the mul-
tiple dimensions of compliance described above under the
Study Protocol section.

Researchers have several options to deal with partic-
ipants with low compliance. First, the low compliance
could be ignored if the research question does not depend
on compliance. Second, participants with poor compliance
could be excluded from analysis. If this is the case, there
should be an a priori decision made about when and why
to exclude participants. For participants with poor compli-
ance, it is important to understand whether the available
observations represent their true trajectories. If so, their
small number of observations could be seen as a random
sample of the larger number of observations they could
have made. A small number of observations for some par-
ticipants could mean that their results will not weigh as
heavily toward the overall results as the results of a partic-
ipant with many observations.

Careless responses. Even if participants answer
many surveys and seemingly have a high compliance, it
may be that they answer those questions carelessly
(responding habitually or randomly), leading to poor data
quality. According to Welling et al. (2021), carelessness
may look like straight lining (i.e., giving the same response
over and over), repeated patterns (such as up-down-up-
down no matter what the question or condition is), or
random answers.
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Careless responses may be detected by examining
expected response patterns. Welling et al. (2021) suggest
two methods for detecting probable careless responses:
speed of the response (outliers that are exceptionally fast
or slow) and consistency across responses (a lack of con-
sistency under similar conditions could indicate careless
responses).

It is important to screen for careless responses and dis-
cuss their impact on the results. Debriefing interviews could
be used to understand what caused them. However, the
study by Welling et al. (2021) showed that careless responses
did not occur frequently. One reason could be that it is eas-
ier to skip a prompted survey than to respond carelessly.

Reactivity. A way to check for reactivity effects post
hoc is to evaluate the EMA data for trends and response
changes over time (both within and across participants;
Barta et al., 2012). Note that there could be other effects
over time such as acclimatization or study fatigue as well.
Henry et al. (2012) examined individual tinnitus index
scores in their chronological sequence graphically and
classified the data as improving, worsening, or consistent
trends. Von Gablenz et al. (2021) evaluated individual
EMA data graphically on speech understanding, listening
effort, and disability in their chronological order to assess
trend. Additionally, statistical analyses were performed to
estimate trend effects based either on the survey sequence
or on the very first and the very last assessments for similar
everyday listening tasks.

Descriptive Statistics

Descriptive statistics summarize, for instance, pro-
portions of selected categories, distributions of data, and
comparisons of conditions. Factors to consider when
reporting descriptive statistics in EMA research are
described in the following subsections.

Acoustic data. Objective data can be analyzed
across the entire study period (e.g., when analyzing
auditory ecology) or in relation to the EMA surveys.
When objective data are not recorded simultaneously with
subjective data, information about the time delay between
them should be taken into consideration when analyzing
the momentary objective data. Even when objective and
subjective data are recorded simultaneously, the analysis
approach should take into consideration that the
participant may be responding in relation to a particular
portion of the objective data’s sampling time window.
Often a short period prior to the start of the survey
(Andersson et al., 2023; Schinkel-Bielefeld et al., 2020) or
at delivery of the prompt (Jenstad et al., 2021; Jorgensen
et al., 2023) or the time period during survey completion
(Andersson et al., 2021) is used. It is also possible to ask
participants to enter the time the rating is referring to

(Borschke et al., 2024). Objective data can be reported
descriptively, or they can be considered in statistical
modeling, for example, in linear mixed-effects models.

To enable comparisons across studies, it is desirable
to report the same physical measures for acoustic data.
For example, broadband levels should preferably be given
with A-weighting, as this is matched to human loudness
perception. If that is not possible, the bandwidth and the
frequency response of the recording chain should be docu-
mented. The length of the averaging time window used
for the acoustic measurements or the use of asymmetric
time constants (to estimate, e.g., peak values) will impact
the outcome; therefore, for metrics derived on fluctuating
signals, the bandwidth, weighting, and averaging approach
should be reported.

Given recorded audio from an EMA participant’s
daily environment, it is sometimes desired to estimate
time-varying levels of component signals in a mixture
(e.g., other people’s voices vs. wearer’s own voice vs. other
sounds). This is very challenging without a highly con-
trolled (i.e., laboratory) recording setup. Wu et al. (2018)
extracted (other persons’) speech + noise and noise-only
segments from their recorded data by listening to the
audio signals. Levels and SNRs were then estimated using
a power subtraction technique, similar to that used by
Smeds et al. (2015). The method suffers from bias at low
SNRs. Brungart et al. (2020) had no audio recordings
available but relied on time-dependent level measurements
of the mixture of environmental sounds for SNR estima-
tions. They estimated levels of target and background
sounds by comparing the level recordings from real-world
environments to level recordings of mixed signals with
known SNRs in the laboratory. This approach cannot
eliminate bias from unknown periods of (possibly loud)
wearer’s own voice (Pohlhausen et al., 2022; Ryherd
et al., 2012). Some hearing aids also enable detection of
the wearers own voice, such that data with own voice
can be excluded when estimating environmental SNR
(Schinkel-Bielefeld et al., 2023). All SNR estimates suffer
from the problem that the signal of interest to the partici-
pant is not necessarily known. Exact algorithms of SNR
estimates in hearing aids are usually tied to hearing aid
functionality and hence confidential, which makes it diffi-
cult to compare estimates across different studies.

Unequal amount of data. A potential imbalance in
the number of reports across participants needs to be
considered when summarizing the data. One way to do
this is to reduce the data into one representative number
per participant such as a mean, median, or proportions
(e.g., Oleson et al., 2022). This approach reduces
complexity and allows a concise presentation but
disregards within-participant variability. Another way for
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compensating imbalance is to use case weights as done by
von Gablenz et al. (2021). For both aggregation and
weighting, it is important to consider whether a minimum
number of responses per participant should be required. If
weights are applied, it is recommended to check and
report the share of markedly low and high weighting
factors to characterize the weighting model.

Variability. Variability of data within and between
participants as well as listening situations can give another
layer of information about people’s lifestyle and should be
reported. These types of data can give an understanding
of (a) whether the person’s day-to-day life is dynamic or
consistent and (b) which observations are person specific
and which persist on the group level.

Substantive Analysis

In this section, we outline three recommended
approaches for analyzing EMA data. The best approach
for any given study will depend on the nature of the data
available and the specific study design.

Nonoverlap of all pairs. Von Gablenz et al. (2021)
examined individual benefit of a hearing aid intervention
using the “nonoverlap of all pairs” (NAP; Manolov et al.,
2016; Parker & Vannest, 2009; Parker et al., 2011) method,
an analysis method developed for single participant research
that provides an estimate of the probability that a
participant’s ratings are different across phases, for example,
before and after an intervention. The NAP outcome is a
value between 0 and 1, where the two extremes indicate that
every response from one phase is higher or lower than any
response from the other phase (no overlapping data). A
NAP value at 0.5 indicates the chance level, which should
be interpreted as “no change” (complete overlap).

The NAP method has several advantages. The mea-
sure is applicable with almost any data type and distribu-
tion. It provides a statistical value that can be used for
further analysis at the group level. Moreover, NAP values
can be derived from receiver operating characteristic anal-
ysis and thus are easy to calculate with any statistical soft-
ware and come with confidence intervals, thus indicating
the uncertainty of the effect size estimate. One disadvan-
tage with the NAP method is that the degree of change is
not considered; that is, the estimated effect will be the
same whether the responses changed 0.1 scale point or 10
scale points.

Paired comparisons. Leijon et al. (2019) proposed a
Bayesian analysis approach for paired comparisons assessed
on ordinal scales. A software package accompanying the
article is available (PairedCompCalc, available at the
Python Package Index). Outcome of the analysis is the
probability of a hypothesized difference between, for
instance, two hearing aid programs, ranging from 0% to

100%. A credibility close to 50% indicates that it is not
possible to draw a clear conclusion. The software can
provide results for the population mean, for a random (not
yet seen) individual in the population, and for individual
test participants in the study (not described in the
accompanying article).

The advantage of this approach is that it can take
ordinal data without assumptions of the distribution of
the ordinal ratings, and it does not impose requirements
on the number of responses for each pair or the number
of test participants. However, few test participants and/or
responses per test participant will reduce the statistical cer-
tainty of the results.

Multilevel modeling. Multilevel modeling is a
popular approach for analyzing EMA data, for several
reasons. First, it accounts for the variance related to the
repeated-measures nature of EMA data. Second, it allows
for both categorical and continuous independent variables.
Third, it allows researchers to keep data from all
participants, even when there is unequal amount of data
between participants. Overall, multilevel modeling gives
researchers the flexibility to explain variance due to fixed
and random effects more accurately. However, multilevel
modeling approaches for EMA data also encounter
critique. In particular, Ram et al. (2017) argue that the
pooling of heterogeneous person-related data into one
single model compromises ecological validity.

Multilevel modeling is conventionally performed as
a linear mixed model in audiological EMA studies (e.g.,
Timmer et al., 2018b). Therefore, the assumptions for
parametric regression-based analyses should be met: The
dependent variable is a ratio or interval scale, the condi-
tional residuals are normally distributed, and variance het-
erogeneity is not present or is accounted for. Subjective
EMA data are often collected on ordinal scales but
treated as interval data. This is a controversial topic par-
ticularly in multilevel modeling. Bauer and Sterba (2011)
criticized this approach, as did Liddell and Kruschke
(2018), who suggested utilizing an ordinal outcome using
a cumulative link function in a generalized linear mixed
model in a well-constructed Bayesian hierarchical model.
This method was used by von Gablenz et al. (2021) for
studying hearing aid benefit. Alternatively, Leijon et al.
(2023) presented and evaluated a ready to use Python
software solution for Bayesian analysis of EMA data
(EmacCalc, available at the Python Package Index). For
binary outcome variables with longitudinal data, Thomas
et al. (1998) suggested using mixed-effects logistic regression.
Oleson et al. (2022) stressed the high complexity and inter-
pretational difficulties of alternative modeling approaches
and recommended the use of parametric linear mixed
models when normality of residuals can be assumed.
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Concluding Remarks
Research Gaps

So far, the number of participants is rather low in
most EMA hearing studies. Therefore, the representative-
ness of the samples and the level of generalization are still
limited. The use of a common set of questions by many
researchers could facilitate meta-analyses and, in general,
would improve the comparability of results.

More research is needed to understand and predict
the burden of a study design better. While many studies
evaluate the participant burden, those measures are often
not comparable. Hence it would be useful to develop a
validated questionnaire about participant burden in EMA
to use across different studies and laboratories to show to
which extent different components of an EMA study con-
tribute to participant burden.

More research is also needed to understand the rela-
tionship between momentary and retrospective responses.
This would include identifying which study design and anal-
ysis would allow researchers to examine that relationship to
sort out which events (and the user’s experience of those
events) predict long-term outcomes (such as disability, hand-
icap, help seeking, intervention compliance, and benefits).

EMA has great potential not only as a research tool
but also in clinical rehabilitation. There, however, burden
is likely a bigger issue than for voluntary test participants.
The tool would need to be usable also by participants of
low techno-readiness and even people with cognitive
impairment. Another open question is how to best display
the collected data to a health care provider to support the
individualized treatment optimally. More research is needed
to identify the best design choices for EMA as intervention.
This could range from a positive focus intervention by
asking the user to report their positive listening experi-
ences (Lelic et al., 2023) to ecological momentary inter-
vention, where subjective and objective data are used to
deliver intervention (e.g., offer of a new hearing program)
or advice (e.g., to wear hearing aids) at a time or situation
when the participant is most likely to act upon it.

Reporting Requirements

Von Elm et al. (2007) published the Strengthening and
Reporting of Observational Studies in Epidemiology
(STROBE) checklist, which has been widely adapted as a
tool for guiding the reporting of observational research. Liao
et al. (2016) adapted the STROBE Checklist for Reporting
EMA Studies (CREMAS). This checklist provides a useful
starting point for reporting audiological EMA research
(Timmer et al., 2018b). The CREMAS is relatively detailed,

and it is advisable to consult the original article before writ-
ing up any EMA article. Categories span the title to the con-
clusion, and items recommend being reported include:

° rationale
° training
° technology

° wave (referred to in this article as “phase”) duration,
that is, the number of waves included in the study
and the overall time period for their conduct

° monitoring period, that is, the number of days with
EMA data collection, separately for weekdays and
weekend days

° prompting design
° prompt frequency
° design features

° attrition

° prompt delivery

° latency, that is, the amount of time elapsed between
the prompt signal and the response to the prompt

° compliance rate
° missing data
° limitations

Additional recommendations for audiology EMA
research by the authors of this article include:

° time and place of data collection

° position of hearing device architecture

° duration of time for acclimatization to hearing aids
° mean wearing time of the recording device per person
° amount of analyzable objective data

. amount of objective data lost
° reasons for missing objective data

° broadband levels in dBA along with smoothed and
down-sampled levels in 1/3 octave bands, or at least the
bandwidth and the frequency response of the signal chain

U report of bandwidth, weighting, and averaging
approach for metrics derived on fluctuating signals

Conclusions

EMA is a well-established research methodology in
social and health sciences that has seen considerable
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growth in parallel with the spread of smartphone owner-
ship. For audiological research, EMA offers attractive
opportunities for addressing previously studied questions
in more depth and with more ecological validity than tra-
ditional methods of investigation (not least when self-
report is coupled with objective data from hearing
devices), and for addressing new questions. While these
opportunities have spawned rapid growth in EMA studies
in audiology, it is not yet a matured methodology, and
presents a range of possibly unfamiliar challenges. These
challenges cover all aspects of research studies, from pro-
tocol design to participant recruitment, the technical plat-
form, self-report survey design, and data analysis.

Based on the collective experience of audiological
researchers who have applied EMA, recommendations
can be made that may assist others who are considering
applying EMA methodology to tackle and resolve the
challenges and to best exploit the opportunities offered by
EMA. Widening adoption of some basic good practices
and reporting standards will help the field to move forward
by supporting transparency, reproducibility, and rigor.
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Appendix (p. 1 of 8)

Survey ltem Examples

The table below gives an overview of many types of ecological momentary assessment (EMA) questionnaire items that can
be relevant in audiological research. For each item (first column), a description is given (second column), references to
research that used the item (third column) are given, and an example is included (fourth column). The description in the sec-
ond column is included when appropriate. The bold citation in the third column signifies the source of the example. The
examples are meant as inspiration, but no recommendations on exact wording are given. Therefore, the response options
and the scales used vary from item to item. However, when designing an EMA study, it is recommended to be consistent
with the response options and scales. References are sorted by year and then alphabetically. The example reference is
marked in bold. An asterisk (*) denotes that the example is translated to English and the original language is given in paren-
theses. Since these translations were usually performed only for publication purposes and were not actually used in the
studies, gold standards for translations have usually not been followed. The original response options may work better than
the translated response options.

The table is divided into three sections. First, items that are useful in most audiological research contexts are presented.
Second, specific items related to hearing device research are given. Lastly, items related to other research questions are
given. Despite the long list of EMA items, the list is not complete, and new research topics will require new EMA items.

Questionnaire items applicable in most research contexts in audiology

Item Description References Example
Location Reasons to include Henry et al. (2012), Timmer Where are you right now?
The location can indirectly say something et al. (2018a), Jensen et al. |e In my home
about familiarity, typical activities, and (2019), Burke & Naylor
Restaurant/bar/cafe

(2020),* Smeds et al. (2020), | *
Dunn et al. (2021), von
Gablenz et al. (2021)

physical features of the place (reverberation,
wind noise, etc.).

Things to consider e Outdoors

e Shops
¢  Work
e In transit

e Other

Galvez et al. (2012), Timmer Type of situation (*Swedish)
et al. (2017, 2018a), ® Conversation with one
Jensen et al. (2019), person

Reasons to include
The listening activity (task) will likely affect the
experience and the benefit of hearing

Listening activity

solutions. By asking the participant to state
one main listening activity, a complex
situation will be easier to understand for the
researcher and the data will be easier to
interpret.

Things to consider

If the research is focused only on situations
with speech, the response alternatives can
be tailored to those situations. However, it
is a recommendation to use the CoSS
categorization (Wolters et al. 2016), as
illustrated in the example in the fourth
column, or response options that can,
afterward, be grouped into the CoSS
categories (von Gablenz et al. 2021).

Burke & Naylor (2020),
Jorgensen et al. (2021),
Schinkel-Bielefeld et al.
(2020), Smeds et al.
(2020),° Bosman et al.
(2021), Jenstad et al. (2021),
von Gablenz (2021), Lelic

et al. (2023)

Conversation with more
than one person

Conversation through
telephone or other
communication devices

Focused listening without
ability to control

the sound source (e.g.,
lecture, concert)

Focused listening with
ability to control the
sound source (e.g., TV,
radio, or other media)

Situation without
conversation or focused
listening
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Survey ltem Examples

Questionnaire items applicable in most research contexts in audiology

Item

Description

References

Example

Background sounds

Reasons to include

The presence of background noise will likely
affect the experience and the benefit of
hearing solutions. Some studies ask for
specific background sound sources, others
if background sounds are present.

Things to consider

Burke & Naylor (2020),
Schinkel-Bielefeld et al.
(2020),° Smeds et al.
(2020), von Gablenz et al.
(2021)

What sounds are audible in
the background? (*German)
* Voices/other people

¢ Traffic noise
¢ Household noise
e Music/television

¢ Engines/machinery/

ventilation
e Wind
e Silence

e Other/further detail

If “Other/further details” is
selected: Please describe
which sounds are audible
in the background (free text).

Importance of hearing
well

Reasons to include

Asking for importance (of hearing well) gives
the opportunity to focus the attention on the
important situations in the analysis. In
addition, this item could potentially be used
as a proxy for motivation.

Things to consider

In some studies, researchers have asked about
the general importance of the situation,
which is different from asking about the
importance of hearing well.

Galvez et al. (2012), Timmer
et al. (2017), Smeds et al.
(2020),° von Gablenz et al.
(2021), Lelic et al. (2024)

How important is it for you to
hear well in this situation?
(*Swedish)

® Little or not at all important

e Moderately important

e Very important

Hearing difficulty

Reasons to include

Asking for difficulty gives the opportunity to
focus the attention on the easy or difficult
situations in the analysis.

Things to consider

The concept could be related to listening effort
(see below) but is easier to understand and
does not change if the participant gives up in
a very difficult situation.

Galvez et al. (2012), Andersson
et al. (2021), Mansour et al.
(2021), Smeds et al. (2020),
Lelic et al. (2023)°

How difficult is it for you to
hear/listen in this situation?
(*Danish)

* Not difficult

¢ Slightly difficult
* Moderately difficult
e Very difficult

e Extremely difficult

Questionnaire items for studies using hearing devices

Item

Description

References

Example

Hearing device use

Reasons to include

In hearing device research, it might be important
to know if a self-report reflects aided or
unaided listening. Also, if the EMA
questionnaire is adaptive, hearing device—
related questions can be skipped if the partic-
ipant is not wearing hearing devices when
responding.

Things to consider

Objective hearing device data can replace or
supplement the self-report. Information about
hearing device use can also be included in
other items.

Galvez et al. (2012), Timmer
et al. (2018a),° Wu et al.
(2019)

Are you currently wearing
hearing aids?
* Yes

* No

(table continues)
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Survey ltem Examples

Questionnaire items for studies using hearing devices

Item

Description

References

Example

Satisfaction with
hearing devices

Reasons to include
Things to consider
Test participants might interpret satisfaction
differently since it could be related to, for
instance, sound quality, aesthetics, physical
fit or the benefit they provide.

Galvez et al. (2012), Dunn
et al. (2021), Jenstad et al.
(2021),% Schinkel-Bielefeld
et al. (2020, 2023), Lelic
et al. (2023)

In this situation, how satisfied
are you with the hearing
aids?

* 5: Very satisfied

. 4
e 3
¢« 2

e 1: Very dissatisfied

(Only anchor words for
extreme values used.)

Benefit of hearing
devices

Reasons to include

Things to consider
Hearing device benefit might be a difficult
concept to evaluate using EMA. Test
participants could be asked to do the
following:

e compare current performance with
how they think they would do in the
situation without hearing devices;

e compare current performance with
how they think their own hearing
devices would work in the situation;
and

» make direct paired comparisons of
benefit for two hearing-aid programs
(see below).

Galvez et al. (2012), Wu et al.
(2020), Jenstad et al.
(2021)¢

In this situation, how much are
your hearing aid helping
you (compared to no
hearing aids)?

® 5: Helping very much

e 4
e 3
o 2
* 1: Not helping at all

(Only anchor words for
extreme values used.)

Residual activity
limitation

Reasons to include
Even when hearing devices are helping,
there may be difficulties remaining.
Things to consider

Wu et al. (2020), Jenstad
et al. (2021)¢

In this situation, how much
difficulty do you still have?
¢ 5: No difficulty

. 4
. 3
.2

e 1: Very much difficulty

(Only anchor words for
extreme values used.)

Quality of processed
sound

Reasons to include

Things to consider

Sound quality could be a difficult concept for
test participants to understand. Sometimes,

dimensions of sound quality with descriptive
adjectives could be easier to use. Examples:

loudness (very loud), clarity (very clear),
brightness (muffled).

Schinkel-Bielefeld et al. (2020),
Andersen et al. (2019),
Bosman et al. (2021),
Schinkel-Bielefeld, Gotholt
Madsen & Lelic (2022)°

How is the sound quality in
your hearing aids right
now? (*Danish)

Very good

e Rather good
* Neither good nor bad
¢ Rather bad

¢ Very bad
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Appendix (p. 4 of 8)
Survey ltem Examples

Questionnaire items for studies using hearing devices

Item

Description

References

Example

Program preference

Reasons to include

When preference for two or more hearing
device programs in specific situations is of
interest.

Things to consider

Program preference can be investigated either
using direct paired comparisons (A/B) in
each experienced situation or indirectly, for
instance, by using alternating programs
each day and rate some attribute that,
afterward, can be compared across days.
Alternatively, a crossover design with one
program per study phase can be used.

If the EMA app allows automatic program
switches, the direct paired comparisons can
be done in a randomized and blind way. For
the indirect comparisons, it is beneficial if
the app can automatically change the
program each day.

Jensen et al. (2019),
Smeds et al. (2021),°
Schinkel-Bielefeld et al. (2022)

Which hearing aid program do
you prefer? (*Swedish)

®* Program 1

Program 2

Hear a difference but have
no preference

Do not hear a difference

Hearing aid program
performance

Reasons to include
Things to consider

Welling et al. (2020),
Andersson et al. (2021),2
Bosman et al. (2021)

How would you rate the
current hearing aid program
performance in this
particular situation?
(*Danish)

Slider: Poor (0) to High (10)

Additional questionnair

e items to consider depending on research co

ntext

Item

Description

References

Example

Time since event

Reasons to include
Asking informants to indicate the time that
has elapsed between an event and the
report allows the analysis to be limited to
really momentary reports on a case-by-case
basis.

This item is particularly important if objective
data are collected since it is crucial to
match objective and subjective data.

Things to consider
If the item is used for matching of subjective
and objective data, the item should be
mandatory and placed at the beginning of
the survey so that the time estimate is not
biased by the time it takes to fill out the
survey.

Timmer et al. (2018a),
Schinkel-Bielefeld et al.
(2020), von Gablenz et al.
(2021)?

How many minutes have
elapsed since the event?
(*German)

Now

<2-3
<5
<10
<15
<20
<30

Frequency of
occurrence

Reasons to include
In theory, random time-based prompts
should reveal the occurrence of various
situations. However, especially for rare or
short events, this is only true if the trial is
very long. Also, there are situations where it
is inconvenient to respond to a survey, and
these situations might be underrepresented.
Therefore, this item could be instructive.

Things to consider
It can be easier to answer if the response
alternatives are concrete (as in column 4)
rather than if they are more qualitative

Smeds et al. (2020),°
Galvez et al. (2012),
Lelic et al. (2023)

(often, rarely, etc.).

How often are you in this
situation? (*Swedish)
Daily

Weekly

Monthly or less

(table continues)
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Survey ltem Examples

Additional questionnaire items to consider depending on research context

hearing can be important and might indicate
the intent of the participant.

Things to consider
If the EMA survey also contains a question
on the location, answer options to the
activity can be adapted to the location.

Gablenz et al. (2021)

Item Description References Example
Activity (not hearing Reasons to include Henry et al. (2012), Burke & What are you doing right now?
related) Activities that are not directly connected to Naylor (2020),% von * Watching/listening to

entertainment
e Conversation
e Using the internet
¢ Reading
e Eating
¢ Household task

e Other

Here, only answer
options for the home
environment are shown.

Activity limitation

Reasons to include

The consequences of hearing problems can be
a limitation of activities or their enjoyment.
Things to consider

Timmer et al. (2018a), Dunn
et al. (2021),¢ von Gablenz
et al. (2021)

My hearing difficulties limited
what | wanted to do or say
® Strongly agree

* Agree
e Neutral
e Disagree

e Strongly disagree

Location of sound
source

Reasons to include

Sound from nearby locations (or streamed
sound) and sound sources in the field of
view may be easier to understand than
more distant or out of view sources. Also, if
hearing aids are worn, signal processing
might differ depending on the direction of
the sound.

Some studies also ask for the position of
distractors.

Things to consider

Timmer et al. (2018a),
Jorgensen et al. (2021),
Schinkel-Bielefeld et al.
(2020)°

Where is the person/sound
source you are listening to
located? (*German)

* Constantly directly in
front of me

e In my field of view, but not
directly in the front

e Behind me or to the side
(out of view)

e At varying positions
(e.g., alternating talkers,
in motion yourself)

e Other

Loudness/ noisiness

Reasons to include

Things to consider

While loudness and noisiness are different
constructs, in some languages, the word for
noise is ambiguous. Some studies ask for
the overall loudness, the loudness of the
background, and/or the loudness of the
talker.

Galvez et al. (2012), Timmer
et al. (2017), Wu et al.
(2019), Burke & Naylor
(2020), Jorgensen et al.
(2021), Smeds et al. (2020),
Bosman et al. (2021), Dunn
et al. (2021),° Glista et al.
(2021), Jenstad et al. (2021),
Mansour et al. (2021), von
Gablenz et al. (2021)

Overall, how loud were the
background/environmental
sounds?

* Very loud

e Loud
Medium

e Soft

e Very soft

Speaker characteristics

Reasons to include

When analyzing speech situations, speaker
characteristics may be of importance. These
include familiarity of speakers (including
voices from TV and radio) or features such
as gender and age.

Things to consider

Timmer et al. (2017; 2018a),
Jorgensen et al. (2021),
Dunn et al. (2021), von
Gablenz et al. (2021)°

Are you familiar with the
voices? (*German)
*  Familiar,

e Unfamiliar

e Both familiar and unfamiliar
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Survey ltem Examples

Additional questionnaire items to consider depending on research context

Item

Description

References

Example

Visual cues

Reasons to include

Lip reading can facilitate communication.
Nonverbal information provided by the talker
could give additional cues.

Things to consider

Timmer et al. (2018a),°
Jorgensen et al. (2021),
Dunn et al. (2021)

Could you see the talker’'s
face?
* No

* Yes, but only sometimes

e Almost always

Sound localization

Reasons to include

The ability to localize sound sources enhance
communication and is important for
understanding of the environment.

Things to consider

Wu et al. (2019), Schinkel-
Bielefeld et al. (2020), von
Gablenz et al. (2021)°

How well do you hear where
individual sounds come
from? (*German)

® Perfectly

e Very well

e Rather well

e Okay

¢ Rather poorly
e Very poorly

¢ Not at all

Perceived level of
speech of interest
relative to
background sounds

Reasons to include

SNR is central to perception. The level of
sound of interest relative to background
sounds can be asked subjectively.

Things to consider

SNR is hard to estimate objectively, as one
can never be certain what the participant is
paying attention to.

Dunn et al. (2021)¢

The speech of interest
was
to all other sounds.

®  Much louder

e Somewhat louder
e Equally loud
e Somewhat softer

¢ Much softer

Speech understanding

Reasons to include

Things to consider

Response options for this question vary a lot in
character. Some are quantitative (for
instance, percentage of words understood);
others use subjective descriptions (like the
example given here).

Timmer et al. (2017), Timmer
et al. (2018a), Wu et al.
(2019), Schinkel-Bielefeld
et al. (2020), Andersen et al.
(2019), Bosman et al.
(2021), Dunn et al. (2021),
Glista et al. (2021), Jenstad
et al. (2021), Mansour et al.
(2021), von Gablenz et al.
(2021)°

How well or poorly do you
understand? (*German)
* Perfectly

Very well

Rather well

Fair
e Rather poorly
e Very poorly

¢ Not at all

when compared

(table continues)
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Survey ltem Examples

Additional questionnaire items to consider depending on research context

Item

Description

References

Example

Listening effort

Reasons to include

In situations where speech understanding is
good, listening effort might show more
differentiation between test conditions.

Things to consider

Widely used, but with mixed experiences. If
participants stop exerting effort and do not
try to understand anymore, effort may be
low despite the difficulty of the situation.
May be misinterpreted as a trick question.
Asking about (hearing) difficulty is an
alternative (see above).

Timmer et al. (2017, 2018a),°
Wu et al. (2019), Schinkel-
Bielefeld et al. (2020),
Andersson et al. (2021),
Dunn et al. (2021), Jenstad
et al. (2021), Mansour et al.
(2021), von Gablenz et al.
(2021)

On average, how much effort
did you have to put in to
listen effectively?

No effort

Some effort

* Moderate effort

* Quite a bit of effort
e Alot of effort

Things to consider

Some studies ask for the annoyance of hearing
problems; others ask specifically for the
annoyance of (background) sounds.

Fatigue Reasons to include Burke & Naylor (2020),% Please rate your fatigue
Things to consider Schinkel-Bielefeld et al. (weariness, tiredness) by
Hearing problems and compensatory strategies (2020) selecting the one number
can increase fatigue. This is a consequence that best describes your
of hearing problems that is not necessarily fatigue right now.
attributed to hearing problems by the Slider: No fatigue = 0 to As
participants. Therefore, it may be bad as you can imagine = 10
advantageous to measure general fatigue
rather than listening fatigue. However, the
sensitivity of a generic fatigue item to
measure listening fatigue must be considered.
Annoyance Reasons to include Galvez et al. (2012), Are you annoyed with certain

Smeds et al. (2020), Mansour
et al. (2021)*

sounds in this environment?
* Not at all annoyed

¢ Not that annoyed
e Somewhat annoyed
¢ Very annoyed

e Extremely annoyed

Pleasantness

Reasons to include

Things to consider

Several studies ask for sound pleasantness or
the sound quality. While this is often
associated with technical reproduction of
sound and respective artifacts, hearing
impairment can also lead to speech
sounding more muffled or sound being
perceived as too soft.

Andersson et al. (2021),
Bosman et al. (2021),
Mansour et al. (2021),% von
Gablenz et al. (2021)

Does this environment sound
pleasant to you?
Not at all pleasant

¢ Not that pleasant
e Somewhat pleasant
e \Very pleasant

e Extremely pleasant

Mood

Reasons to include

Things to consider

Mood can be influenced by hearing problems.
Conversely, mood may influence the hearing
performance or the willingness to answer an
EMA questionnaire. There are multiple mood
states of possible interest (e.g., stress and
anxiety) and different dimensions of mood that
can be assessed (e.g., valence and intensity).

Schinkel-Bielefeld et al. (2020),
von Gablenz et al. (2021),°
Schinkel-Bielefeld et al.
(2022)

How do you feel right now?
(*German)

o\
*/

)
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Survey ltem Examples

Additional questionnaire items to consider depending on research context

Item

Description

References

Example

Feelings related to
hearing difficulties

Reasons to include

Hearing loss can lead to negative feelings and
an impact on mental health. Various
psychosocial consequences of hearing
problems can be assessed. Dunn et al.
(2021) investigated sadness, loneliness, and
nervousness, but other feelings can be
investigated.

Things to consider

Sometimes feelings arise as a consequence of
the hearing loss without the person
attributing this to hearing loss. Hence, it
may also make sense to ask for feelings in
general and not only in conjunction with
hearing loss.

Dunn et al. (2021)°

My hearing difficulties made
me feel . . .
(Sad or depressed/lonely or
isolated/nervous or anxious)
e Strongly agree

e Agree
e Neutral
¢ Disagree

e Strongly disagree

Impact on others

Reasons to include

When hearing difficulties are reflected in
reactions of conversation partners, the
situation could be particularly stressful.

Things to consider

Galvez et al. (2012), von
Gablenz et al. (2021)°

Do you think your
conversation partner finds
the conversation difficult?
(*German)

* Extremely difficult

e Very difficult

¢ Considerably difficult
* Moderately difficult

e Slightly difficult

e Very slightly difficult

¢ Not difficult at all

Note.

CoSS = Common Sound Scenarios; EMA = ecological momentary assessment; SNR = signal-to-noise ratio. *Reprinted

under Creative Commons CC BY 4.0. PReprinted under Creative Commons CC BY-NC-ND 4.0. °Reprinted under Creative
Commons CC BY-NC 4.0. “Reprinted with permission of Wolters Kluwer Health, Inc. *Reprinted with permission of Georg

Thieme Verlag KG.
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