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Workshop Report
The development of a universal ear simulator and its application in
hearing screening and assessment.

Introduction to the workshop
The cornerstone of the dissemination activities in the EARS project are two workshops covering
distinct aspects of the project scope, on the development of the universal ear simulator, and on the
perception of non-audible sound.
The first of these took place at the National Physical Laboratory on 26th March 2015 and covered the
development of the universal ear simulator. The workshop had 28 attendees from clinical audiology,
medical physics, national health services, audiological equipment manufacturers, calibration
laboratories and NMIs outside of the consortium. Attendees came from UK, Denmark, Germany and
Switzerland.
In formulating the workshop content, the project consortium was keen to avoid it being merely a
series of presentations from the team. It was therefore conceived to include a variety of activities
designed to engage the attendees, including a hands-on session where delegates could gain their
first practical experience of using the newly developed ear simulators, and a panel discussion. We
were also successful in inviting two distinguished guest speakers to describe their experiences in
establishing national services for neonatal hearing screening and rehabilitation for children with
hearing impairment.

Invited presentations
Gwen Carr is an independent consultant in the field of Early Hearing
Detection and Intervention (EHDI), and an Honorary Senior Research
Associate at the University College London Ear Institute. She had the
role of National Lead for Antenatal and Newborn Screening
Programmes for the UK National Screening Committee (part of
Public Health England) and before that was the Deputy Director of
the England Newborn Hearing Screening Programme. She has also
worked extensively in the language and communication
development of young hearing impaired children and in paediatric
audiology. Gwen is a leading authority in her field and is currently
advising agencies around the world on hearing screening.
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Gwen started her talk by citing the UN Convention on the rights of children to attain the highest
standards of health and to develop to their fullest potential, and supplemented this with statements
about the effectiveness of early detection of hearing impairment to improve the outcomes from
appropriate intervention. She then outlined the key objectives of screening programmes, which are
built around efficacy, efficiency and quality. She emphasised that outcomes are more important
than outputs, and that these outcomes extend not just to the child, but to the whole family. She also
explained that as the screening programme has become established, parents are becoming
increasingly engaged and have their own questions over accuracy and reliability (i.e. quality) of the
test procedures.

Prof. Katrin Neumann is head of the Department of Phoniatrics and
Pediatric Audiology and of the Cochlea Implant Centre at the University
of Bochum, Germany. She is also chair of the Technical Access
Committee of Coalition on Global Hearing Health, and of the Alliance of
German Hearing Screening Centres (VDHZ). As well as leading
initiatives in Germany, Katrin also has a global outreach, participating
in several World Health Organisation (WHO) projects and working
groups. She has recently compiled data from >140 counties on the
status of Newborn and Infant Hearing Screening for the World Health
Summit and a WHO report.
Katrin explained that due to improvements in technology, conservative estimates by the WHO of the
number of people diagnosed with hearing loss, has risen from 45 million in 1985 to 360 million in
2011, this figure includes 7.5 million children under 5 years old.
To counter this, newborn and infant screening programmes, which are now widely accepted as being
extremely worthwhile, have been introduced in many countries across the world. Katrin reported on
work in progress to catalogue the availability of such services globally and currently has data from
over 140 countries, and found more than half to have implemented some form of hearing screening
programme. However, she explained that this in itself is not sufficient for ensuring the hearingrelated health of the population, and screening must be supplemented by an appropriate level of
quality assurance and effective intervention strategies.
Typical referral rates are less than 6 per 1000 in developed countries. However, only around 1 in 13
referred patients are actually found to have a hearing impairment. Consequently there is a target to
reduce the rate of false-positive referrals to 4% to achieve desired levels of efficiency and
measurement reliability has a strong role to play in achieving this.
Having given a definitive global perspective, Katrin concluded her talk by describing the hearing
screening programme that has been established in Germany.

Presentation of the EARS project
The guest speakers having set the context, the key stages in the development of the universal ear
simulator were presented in a series of short presentations from the project consortium.
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Christian Koch, the project co-coordinator, presented
the needs and drivers, e.g. that there are no ear
simulators specifically for neonates and children, and
how these led to the inception of the project. He
explained that the work on the universal ear simulator
represented just half of the project activity and showed
the overall project structure. He then described the
intended impact and benefits, before outlining the key
stages in the development of universal ear simulator
that were to be elaborated.
Dominique Rodrigues then described the initial
development stages, starting with the search of the
literature for data on the dimensional and acoustic
characteristics to be mimicked by the ear simulator,
leading to the identification of five key age groups. A
new systematic design process for ear simulators was
then formalised and the concepts for this family of
devices was produced. Finally, analytical and numerical
modelling techniques supporting the final specifications
were described.
Erling Sandermann-Olsen continued by describing how
the specifications and knowledge gained from
modelling, were physically realised and transformed
into devices that could be manufactured. He showed
the first prototype that was used for initial laboratory
testing and calibration, and a second version, together
with a range of adapters for calibration purposes and
for coupling a variety of insert earphones and probes.
This second version was developed mainly for a series
of clinical user trials.
Richard Barham then described the laboratory testing
that had been carried out on the first prototype.
Starting with the calibration concepts, he explained
that both the pressure sensitivity of the microphone
system and the acoustic impedance of the ear
simulator were important. He then went on to show
results for a sample of four devices that were
measured at various partner institutes and how these
demonstrated that the device successfully meets it
design goals and aspirations for standardisation.
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Thomas Fedtke continued by describing the process of
evaluating reference threshold values for pure tones
and a variety of short-duration stimuli. He explained
how reference threshold data are determined for
adults and how this can be translated into a procedure
for neonates and young children who are incapable of
providing a behavioural response. He then went on to
show differences in stimulus calibration using the
universal ear simulator and the current IEC occluded
ear simulator.
Finally, Thomas Steffens described some of the
influences of the ear canal volume on the stimuli
applied during hearing assessment in neonates. He
showed the relationship between the ear canal volume
and the developed sound pressure, and how
knowledge of the volume enables a compensation to
be made. He concluded that despite this, ear
simulators for different age groups are vital for
calibration and quality assurance.

Practical session
Any post-lunch slump was avoided by engaging the meeting participants in a practical session
designed to provide a first look at the new universal ear simulator and compare its performance to
existing devices, through two illustrative exercises.
The first exercise was to compare the acoustic pure-tone output from a typical insert earphone (ER3A) in the currently specified IEC 60318-4 occluded ear simulator and in the universal ear simulator.
A further 2 cm3 acoustic coupler (IEC 60318-5) was also available for comparison.
The second exercise was to perform peak-to-peak equivalent measurements of different short
duration stimuli, again using the IEC 60318-4 occluded ear simulator and the universal ear simulator.
Four equipment stations were available to provide the workshop attendees with hands-on
experience of the universal ear simulator. Members of the project consortium were on-hand to
guide the participants in the measurement protocol that was formulated to enable the performance
of the universal ear simulator and its impact on measurements of both pure tone and short duration
stimuli to be directly evaluated. The practical session generated lively discussion and further
improvised experimentation.
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Panel discussion
The invited speakers joined members from the project team to form a scientific committee for the
panel discussion. Salvador B. Figueroa moderated the session. Topics raised included:




Whether patient age was the best criterion for deciding which ear simulator provides
appropriate traceability for the measurement, and whether ear canal volume might be a
better choice (if this could be determined for individual patients).
Whether the spread in the anatomical data samples was significant, and if simple averaging
was sufficient to yield a truly representative specification for the given age group, especially
for neonates where there is a scarcity of data. Related to this, the process of scaling adult
ear geometry was also questioned. Such comments indicate the need for further data to be
gathered, or where necessary generated by new studies.

A number of topics related to further standardisation of equipment and practices, including:




Whether reference stimuli could generate more specific criteria for device performance
inspection which in general should be more the topic of standardisation.
Whether standardization of advanced stimuli as used in current clinical practice could help
to achieve comparable results with standardized equipment.
Whether standardisation of ear tips and adapters for coupling transducers could improve
consistency, interchangeability and simplify practical application.
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Conclusions and next steps
The meeting concluded with a summing up from the project co-ordinator of the key points raised
during the workshop, and a short presentation of the proposed next steps from Richard Barham.
Christian Koch concluded that:










Newborn hearing screening is a valuable tool that has profound outcomes for the efficacy of
rehabilitation
Measurement quality and calibration are vital for reliable diagnosis and efficiency of screening
programmes
Outcomes should focus on support for families as well as the individual patient
The EARS project has moved the technology along significantly but more is needed, particularly
on the collection of more extensive data on human ear characteristics at different development
stages
The need for five devices within the ear simulator family was questioned, but ultimately
considered to be necessary for fitting children with hearing aids
Ear canal volume provides an alternative criterion to age in selecting the most appropriate ear
simulator for a given test subject
The usability of the universal ear simulator was confirmed during the practical session
Further standardisation is essential to enable comparisons of results to be made, and should
cover not only specification of the devices, but also coupling methods for transducers, stimuli
and measurement methods

Richard Barham elaborated on the view that further work is needed to fully realise the benefits of
project developments in clinical practice. He outlined the following objectives which are the basis for
a new research proposal for further funding to continue this work:







Bring about a transition in clinical hearing assessment practice from traditional ear simulators to
the universal ear simulator
Extend the range of applications, realising the universal concept of the new ear simulators
Establish the equivalence of the universal ear simulator with existing practices
Improve calibration for short-term stimuli and eliminate the reliance on peak-to-peak
equivalence
Generate robust normative data in preparation for standardisation
Pursue standardisation through IEC and ISO

Many expressed desire to obtain a sample of the prototype to gain further experience with it.
Arrangements that respect the inherent IP are under consideration.
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