Short Report

Observation of development milestones during hearing

testing of toddlers: Preliminary analysis

Evaluierung kommunikativer Entwicklungsmeilensteine wahrend
audiometrischer Untersuchungen bei Kleinkindern: Vorlaufige Analyse

Abstract

During pediatric audiometry besides evaluation of the hearing threshold,
non-acoustic behavior can be observed. This retrospective study evalu-
ates the feasibility and diagnostic value of standardized developmental
observations conducted during audiometric testing of toddlers. The
observations were categorized into symbolic, language and individuation
development domains across six age groups from 9 months to
>36 months.

In total 94 standardized observation forms with 37 children with con-
firmed hearing loss and 57 children with typical hearing across all six
age groups have been recorded. This preliminary analysis includes
21 children in the age group from 18-24 months. Only few children
demonstrated fully age-appropriate developmental profiles. Children
with hearing loss showed age related symbolic development e.g,, “smile
of mastery” likely due to early intervention, while delays were noted in
language and individuation domains. Children with typical hearing
showed age-appropriate language development but delays in symbolic
and individuation domains. The study concludes that standardized de-
velopmental observations by trained audiometrists are feasible during
audiometric testing and potentially contribute for the diagnostic evalu-
ation process.

Zusammenfassung

Bei der subjektiven Horschwellenbestimmung mit Kleinkindern kénnen
auch nichtakustische Aspekte beobachtet werden. Diese retrospektive
Studie evaluiert die Durchflihrbarkeit und den diagnostischen Wert von
standardisierten Entwicklungsbeobachtungen, die wahrend der audio-
metrischen Untersuchung von Kleinkindern durchgefiihrt werden. Die
Beobachtungen wurden in drei Entwicklungsbereiche Symbolik, Sprache
und Individuation in sechs Altersgruppen von 9 Monaten bis >36 Mona-
ten eingeteilt.

Insgesamt wurden 94 standardisierte Beobachtungsbégen mit
37 Kindern mit bestatigtem Horverlust und 57 Kindern ohne Horbeein-
trachtigung in allen sechs Altersgruppen erfasst. Diese praliminare
Analyse umfasst 21 Kinder in der Altersgruppe von 18-24 Monaten.
Nur wenige Kinder zeigten vollstandig altersgemafie Entwicklungsprofile.
Kinder mit Horverlust zeigten hdhere Kompetenzen in der symbolischen
Entwicklung, z.B. ein ,Lacheln der Beherrschung*, was auf frihe Inter-
vention mit Horgeraten und audiopadagogische Friihférderung sowie
logopadische Therapie zurlckzufihren sein koénnte. Logopadische
Therapie bei Sprachentwicklungsstérungen startet in den meisten
Schweizer Kantonen direkt nach der Diagnosestellung. Andererseits
wurden in den Bereichen Sprache und Individuation mehrheitlich Ver-
zdgerungen festgestellt. Kinder ohne Horverlust zeigten eine altersge-
mafde Sprachentwicklung, aber vielfach Verzdgerungen in den Bereichen
Symbolik und Individuation.
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Die Datenerhebung ist, nach einer Einarbeitungsphase, wahrend der
audiometrischen Untersuchung standardisiert méglich. Da sie in die
Tatigkeiten und Ablaufe integriert ist, ist nur einen minimen zeitlichen

Mehraufwand von 3-5 Minuten notwendig.

Die Studie kommt zu dem Schluss, dass standardisierte Entwicklungs-
beobachtungen durch geschulte Audiometristen wahrend subjektiver
Audiometrie bei Kleinkindern durchfihrbar sind und einen potenziellen
Beitrag zum diagnostischen Bewertungsprozess leisten kdnnen.

Introduction

Play behavior is a universal phenomenon of early child-
hood development [1], [2], [3]. In both speech therapy
and pediatric audiology, play is not only a mean of inter-
action, but also a valuable diagnostic tool.

Speech therapy

In the field of speech therapy, observational diagnostics
have become increasingly established over the past
decades [4]. This diagnostic approach is based on tar-
geted observations during clearly defined play situations.
Each play scenario is associated with typical developmen-
tal milestones, which allow to estimate a child’s develop-
mental age [5]. While the primary focus is on assessing
language development, aspects of symbolic and individu-
ation development are considered to be equally important
[6]. A complete observational diagnostic session conduct-
ed by a speech-language pathologist typically lasts more
than one hour.

Audiology

Subjective audiometric tests with toddlers are performed
in less than one hour.

The audiometrist chooses between visual reinforcement
audiometry (VRA), play audiometry, or conventional audi-
ometry based on the child’s age, cognitive abilities and
behavioral responses, often determined through a trial-
and-error approach. The primary criterion for test selection
is the child's age. Besides early quantification of hearing
loss, toddlers with manifold diseases are referred to the
pediatric audiology in order to exclude hearing disabilities.
During audiometric assessments, an audiologist may
observe developmental behaviors relevant to the child’s
overall development. At our institution, these observations
are documented in a standardized format and added to
the patient’s medical records in addition to the audio-
gram. These observations are derived from playing situ-
ations in often unstressed conditions. Since pediatric
assessments of physicians are often constrained by lim-
ited time and more invasive diagnostic procedures, the
standardized observations from the audiometry may
provide important additional hints for diagnosis.

The aim of this retrospective study was two-fold: 1) to
evaluate the feasibility of standardized developmental
observations made during audiometric testing in toddlers
and 2) to evaluate potential differences between toddlers
with and without hearing loss.

Material and methods

Standardized form

The standardized form for observation of the development
profile form was created by an interdisciplinary team
consisting of a speech-language pathologist, an audiome-
trist, a pediatric ENT (MD) and an audiologist (PhD). The
form categorizes observed behaviors into three develop-
mental domains, i.e. symbolic, language and individu-
ation. Each developmental domain was subdivided into
six age groups:

* 9-12 months (Figure 1)

e 12-18 months

e 18-24 months (Figure 2)

e 24-30 months

¢ 30-36 months

¢ Older than 36 months (Figure 3)

The original form - used from 2017 to 2020 - was paper
based. Since 2020, data have been entered into the di-
gital clinical documentation system. We only analyzed
digital data in this study. The form can be filled by an ex-
perienced audiometrist in approximately 5 min. Taking
into account that some of the observation e.g. condition-
able should be documented in any case in order to de-
scribe the quality of the audiometric measurement, we
estimate the effective additional time to be less than
3 min. The audiometrists have been practically trained
initially by a speech therapist during 10-15 audiometric
sessions. In specific cases, the speech therapist supports
on demand the audiometrist during the sessions.

The individual developmental profile is considered age-
appropriate and homogeneous when at least one age
related behavior is observed in each developmental do-
main. If not all domains are fulfilled at the real-age level,
the observations are progressively extended to earlier
age groups until all three domains show positive indica-
tors. If age related topics are fulfilled, observation were
extended to later age groups. While the primary data
source was direct observation by the audiometrist, the
form offers anamnestic responses from accompanying
parents or therapists for some of the items. As an ex-
ample, a “therapeutic” setting or participation in a “play-
group” of the children cannot be observed by the audio-
metrist during testing.
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Figure 1: Example of the three observable developmental domains at 9-12 months of age: a) Symbolic development: Does
the child hold small pieces with two fingers or with a fist grip. b) Language development: Does the child demonstrate referential
eye contact? c) Individuation development: Can the child sit independently?

Figure 2: Examples of the three observable domains of development between 18 and 24 months. a) Symbolic development:
Is the child conditionable? b) Language development: Does the child speak in one or two words? c) Individuation development:
Does the child call themselves by their name?

Take the

mouse!

Figure 3: Example of a language development domain at
24-30 months: Does the child understand the request and
react with irritation (by giving an absurd request, since there
is no mouse in this puzzle)?

Subjects

A total of 94 children were included in the analysis,
comprising 37 children with confirmed hearing loss and
57 children with typical hearing. The differentiation
between the two groups based solely on the criteria of
confirmed hearing loss which was treated with any kind
of technical hearing systems. The mental status, cognitive
status or the reason for referral to our tertial center was
not considered as inclusion criteria. However, children
with known multiple mental or physical deficits were ex-
cluded. The cohort was categorized into six age groups:
9-12 months, 12-18 months, 18-24 months, 24-30
months, 30-36 months, and over 36 months. The present
preliminary analysis focuses on the 18-24-month age

group.

For each child with hearing loss, at least one age-matched
peer with typical hearing was selected to ensure compa-
rability. Within the 18-24-month subgroup, data were
available for 7 children with hearing loss using hearing
aids and 14 age-matched children with typical hearing.
All participants were included under the general informed
consent framework of the University Hospital of Basel.
An ethics application for the retrospective analysis was
approved by the local ethics committee (BASEC 2024-
01974).

Results

Table 1 shows the percentage of positive observations
for 18-24 months old children with hearing loss wearing
hearing devices and children with typical hearing.

In both groups, only few children demonstrated age-
appropriate developmental profiles (dashed grey box).
Additionally, most of the children showed a heterogeneous
pattern of delayed development. A large proportion of
children with hearing loss showed age-appropriate devel-
opment in the symbolic domain i.e. “smile of mastery”
and “eye contact”. On the other hand, development in
language and individuation domains are delayed by one
(12-18 months) and two (9-12 months) bins of age
groups for most of the children (Figure 3, black boxes).
Children with typical hearing showed age-appropriate
development in the language domain but individuation
and symbolic domains are delayed by one age group
(12-18 months) and two age groups (9-12 months).
Besides the comparison of the development profile we
directly compared single items using Wilcoxon test. Chil-
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Table 1: Percentage of positive observation in children with hearing loss (a) and with typical hearing (b) at the age between
18-24 months for all three development domains (symbolic, language, individuation). The green bar visualizes the percentage.
The background of each cell is continuously colored from red (0%) over yellow (50%) to green (100%). Dashed box: age related

normative development, black boxes: first age where more than 70% of positive observations per development domain are

achieved. ltem “Therapy” excluded.

a Hearing Loss + Hearing System

Age
(months)

Development Domains

Symbolic Language Individuation
9-12 ce 57 Eii E

er grip

er games

18-24 - ﬁ
24-30 rebook 57
30-36
>36
b No Hearing Loss
Age Devel D i
(months) evelopment Domains

Symbolic Language Individuation

dren without hearing loss performed significantly better
than their hearing-impaired peers in the following areas:
“babbling”, “object permanence”, “first words”, “crawling”,

“walking independently”, “referring to oneself by name”,

“saying no” and “using the word I”.

Discussion

Interaction and estimation of children’s capabilities are
important in pediatric audiometry. The standardized
documented observations in this study originates from

the audiology of a tertial hospital. Such institutions typic-
ally treat children with needs for extended diagnosis or
treatment. This might explain the inhomogeneous and
non-age related development in both analyzed groups of
18-24 months old children. Especially the group of chil-
dren with typical hearing in this study does not constitute
a typical control group, as many of the group members
also present with developmental concerns. Only a few of
these children had isolated, transient conditions e.g.
control after middle ear infection.

100% of hearing-impaired children included in the study
received early audiological and educational intervention.
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This specialized support with many communicative inter-
actions with the therapist and the coaching of parents
may explain the better performance observed in the
hearing-impaired group in areas such as “eye contact”
and “smiling after a successful action”.

Beside direct observations of the audiometrist we also
included anamnestic data for the analysis. Such
anamnestic data may introduce bias in the assessment
of developmental profiles. For example “picture book”
means that the child does not only scroll but there should
be interaction like pointing. It should be considered
whether these aspects could be more reliably recorded
through standardized observation in future studies.

The current analysis focuses exclusively on children aged
18-24 months. Expanding the evaluation to include a
broader age range is planned and considered essential
to obtain a more comprehensive understanding of devel-
opmental trajectories in a tertial hospital.

The use of developmental profiles is well established in
speech and language pathology for individual diagnostics.
The assessment is longer in persecution and has more
items. With our structured observations we could show
differences between toddler with hearing loss and with
typical hearing in our cohort. However, it remains to be
shown whether these findings can also be used in indi-
vidual cases to provide hints for further diagnosis or if
only pathologic versus non pathologic development can
be found.

In conclusion, standardized observations of symbolic,
language and individuation development seem to be
feasible by trained audiometrists and can reveal differ-
ences between different patient groups.

Notes

Conference presentation
This contribution was presented at the 27" Annual Con-

ference of the German Society of Audiology and published
as an abstract [7].
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