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General foreword
This document presents Practice Guidance by the British Society of Audiology (BSA). This Practice
Guidance represents, to the best knowledge of the BSA, the evidence-base and consensus on good
practice, given the stated methodology and scope of the document and at the time of publication.
Although care has been taken in preparing this information, the BSA does not and cannot guarantee the
interpretation and application of it. The BSA cannot be held responsible for any errors or omissions, and
the BSA accepts no liability whatsoever for any loss or damage howsoever arising. This document
supersedes any previous recommended procedure by the BSA and stands until superseded or
withdrawn by the BSA.
Comments on this document are welcomed and should be sent to:
British Society of Audiology
Blackburn House,
Redhouse Road
Seafield,
Bathgate
EH47 7AQ
Tel: +44 (0)118 9660622
bsa@thebsa.org.uk

Published by the British Society of Audiology
© British Society of Audiology, 2019
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It is implied throughout this document that the service user should be involved in shared decisionmaking when undertaking audiological intervention, receiving subsequent information and
understanding how it will impact on the personalisation of care. Individual preferences should be
taken into account and the role of the clinician is to enable a person to make a meaningful and
informed choice. Audiological interventions bring a variety of information for both the clinician and
the patient which can be used for counselling and decision-making regarding technology and
anticipated outcomes.
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1.

Abbreviations

AC
BC
NBN
FRESH
BOA
MRL
MSI
HI
OAE
VRA
ABR
PECS
ToD

2.

Air Conduction
Bone Conduction
Narrow Band Noise
Frequency Specific Hearing assessment
Behavioural Observational Audiometry
Minimal Response Level
Multi-sensory Impairment
Hearing Impaired
Otoacoustic Emissions
Visual Reinforcement Audiometry
Auditory Brainstem Response
Picture Exchange Communication System
Teacher of the Deaf

Introduction
2.1 Development of the practice guidance

This document is a revision of the “Neonatal hearing screening and assessment Behavioural
Observational Audiometry: a recommended test protocol” produced by the Newborn Hearing
Screening Programme (NHSP, 2001). The revision was conducted by the BSA Paediatric Audiology
Interest Group (PAIG).
The content of this document is guided by evidence where possible. However, there is insufficient
research in this area, especially if Behavioural Observational Audiometry (BOA) can be used to
establish minimal response levels (MRL). While most guidance suggests that BOA yields suprathreshold responses (Williamson, 2002; Karikoski, 1998), this idea has been challenged by Madell
(2011, 2014) who affirms that the behaviour most likely to provide threshold responses is a change
in sucking (Delaroche et al, 2004; Madell, 1988, 1995a, 1998, 2008; Widen & Keener, 2003).

Due to the limited evidence-based guidelines on BOA, recommendations in this document are based
on the opinion or reported practice of experts in the field. The specialist paediatric departments at
St Thomas’ Hospital (CYPAC), Berkshire Healthcare NHS Foundation Trust and Seashell Trust were
the main contributors to this document. RGB(20,75,130
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References that have guided the content of this document are provided. Further research in this
area is necessary and we welcome clinicians to replicate the methodology outlined in this document
to collect evidence on the validity of BOA as a tool to establish MRL in infant’s hearing assessment.

Practice Guidance
Behavioural Observational
Audiometry (BOA)
BSA
2019

The Steering Committee would like to acknowledge the advice received from a range of
professionals as well as expert reviewers and the wider membership of the BSA who were invited to
provide comments and feedback on earlier draft editions. The document was developed in
accordance with BSA Procedure for Processing Documents (2016).

2.2 Background and aims
BOA is a widely debated method for assessing infant’s hearing but guidance is variable. It involves
observing a change in an infant’s behaviour in response to sound (Delaroche et al, 2011). The
procedure is unconditioned, requires no reinforcement and the infant is visually engaged while the
auditory stimulus is presented and the behavioural responses observed. Some protocols suggest
that changes in sucking pattern are the only reliable responses (Madel, 2014) whilst others do not
specify a particular “reflex” response (Delaroche, 2006; Williamson, 2002).
The aim of this practice guidance is therefore to clarify the methodology and interpretation of
findings in different clinical conditions where BOA is indicated. This should allow a standardised
method to be used in most cases. Alternative methodologies may be required in certain cases, but
there must be robust evidence to justify doing so.

2.3 Scope
This practice guidance will cover the assessment of infants up to 6 months of cognitive age as well as
those children where the cognitive level is significantly below their chronological age and standard
audiometry does not provide sufficient reliable and repeatable hearing response levels so that BOA
is required. Developmental scales may be used to determine a child’s developmental age.
This guidance is therefore two fold. It will cover:
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The document covers the technical procedure and practicalities of carrying out a BOA test,
equipment/environment considerations, basic interpretation of the results, reporting and patient
handling procedures relevant to the test. This document should be read alongside BSA (2008) for
guidance on the more technical aspects of sound-field testing, and also BSA (2011a) for air
conduction (AC) and bone conduction (BC) testing as well as BSA (2014) recommended procedures
for VRA.
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a. For babies diagnosed with a moderate or greater hearing loss with the newborn hearing
screening programme, BOA is an option for behavioural testing until they reach a
developmental age for Visual Reinforcement Audiometry (VRA). BOA is used to monitor
hearing loss deterioration and fine tune hearing aids. Changes in sucking pattern is the
response being observed in this group.
b. Paediatric complex needs population in which cognitive level is significantly below their
chronological age. For this group, a range of responses (described below) may be
considered.
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2.4 BOA Overview
Behavioural testing in young children is essential as a true means of testing the entire auditory
pathway (Madell, 2008) and should be selected appropriately for the child’s
cognitive/developmental age. With the advent of neonatal screening with follow-up ABR, BOA is
used as a part of the behavioural test battery to confirm objective results. BOA must not be used to
replace ABR as it is subject to tester and interpreter error. BOA should be supported with objective
Auditory Brainstem Response (ABR), Otoacoustic Emissions (OAE) and tympanometry testing
(Madell, 2008).
However, with the paediatric complex needs population, there is more ambiguity around
interpreting ABR results, which may be confounded by other neurological issues. BOA is often crucial
in the assessment process, which can be fraught with variables and conflicting information. It is
reported that in 20% of individuals with a severe learning disability, BOA testing may be the only
appropriate test (Anderson et al, 2013).
It is important to highlight that BOA for the complex needs population should only provide an
estimate of functional capabilities useful in planning intervention. Children with neurodevelopmental disabilities can be difficult to assess, and BOA can only be a test of responsiveness
and not of threshold or absolute sensitivity.
BOA can also be used to assess benefit from technology and ensure the validity and reliability of
hearing aid fitting and it can be particularly useful for monitoring hearing over time where a
deteriorating loss may be suspected. Madell (2011) suggests the use of BOA with a sucking response
is carried out alongside an ABR assessment and used to monitor aided responses in babies with
hearing loss.

3.

Competency and skills

Assessing the complex needs population requires specialist Audiologists with experience and
knowledge of the potential pitfalls and interpreting responses. As a minimum, a three-way team is
recommended:
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Staff engaged in performing BOA testing should have received specific training and have completed
a local documented competency assessment to demonstrate their proficiency to perform this test.
The level of competency should be at least adequate for the role performed (whether supporting or
leading the assessment). Those leading the assessment should be competent in briefing/debriefing
carers, use of the equipment deployed, and the correct interpretation of results to ensure
appropriate recording/reporting of results for use by oneself and others.
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Experienced paediatric audiologist with good understanding of multisensory impairment and
complex medical conditions.
Multi-sensory impairment (MSI) or experienced Hearing Impaired (HI) teacher with hands on
experience of children with complex needs.
Parent/carer enabled and expected to be the expert on their child.

Each member of the team has an expertise to offer:
The audiologist is the expert on the science behind the assessment (stimuli, frequency, intensity,
calibration) and should ensure the results remain meaningful despite adapting the routine
procedure. They would also take the medical history and apply audiological expertise to the
management plan.
The specialist teacher is the expert on engaging with and stimulating children with complex needs.
They are familiar with moving and handling such children for an educational purpose and can bring
the latest approach being used in school with an individual child.
The parent is the expert on the child and offers critical knowledge of likes, strengths, sensitivities,
communication, mood and movement. They can recommend popular toys or stimuli, suitable body
position and should help to interpret the responses together with the team members. They can
suggest the length, timing and interval of appointments.

4.

Preparation

History taking, information gathering and general observation of the infant in clinic is an essential
part of the assessment.





Record the child’s response repertoire prior to attending clinic.
Evaluate the general response to sound stimuli and latency of response (McCracken et al, 2008).
Obtain preliminary history taking by HI/MSI specialist teacher to assess child’s sensory
processing needs and difficulties.
Investigate any impediments to obtaining good responses, for example, time of day, medication,
etc. If observing sucking responses, it is recommended to see infant at feeding time.
Investigate child’s pattern of engagement, sensory processing issues and general level of
attentiveness.
Adapt to child’s mode of communication and use photographs/PECS symbols to support clinical
procedure. A photograph, in advance, of the Audiologist(s) that the child is going to meet in
clinic may also be helpful.
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In particular, for the special needs population, the following is suggested:
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5.

Facilities

The test should be performed in a soundproof room that is of adequate size to accommodate
parent(s), child and two testers comfortably, with enough floor space to permit flexibility of body
position of child, carer and tester. Following BSA (2008), minimum floor dimensions of 6m x 4m are
advised. Note: this specification assumes that the room is dedicated to the behavioural hearing
assessment of children under 3 years of age.
The room should have adequate ventilation and air conditioning for patient comfort; babies who are
uncomfortable are less likely to respond well to testing.
It is important to have a variety of chairs and/or support cushions if not using the child’s own chair. If
observing sucking response, comfortable seating for the mother to breastfeed / bottle-feed
comfortably is necessary.
Dimmable lights can be particularly useful for children with a hypersensitivity to lights; however a
well-lit room is necessary to enable observation of discreet changes in behaviour in response to
sounds. Ensure minimal sensory stimulation to prevent sensory overloading and distractions.
Correctly identifying the child’s needs at or prior to their clinic attendance will guide the audiologist
on the correct room set up.
If using a control room with an observation room it is essential to ensure good communication is
established between the tester and the facilitator through the use of a radio aid/talk forward system
or similar. It is important that tester in control room has a good view of infant’s responses whilst
testing, therefore some clinicians find it preferable if tester and facilitator are in the same room
rather than tester in a separate observation room.
For very complex patients, it is recommended to use multiple examiners: one to present auditory
stimuli, one to monitor responses/changes and cue signal presentations and one to record the
responses (either on paper recording sheet or video).

6.

Equipment
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Therefore, complete clinic facilities, with audiometer and a comprehensive range of transducers
should be available for use: supra-aural earphones (e.g. TDH49/50), insert earphones (e.g. EAR3A
coupled with immittance tip, foam tip or earmould), speakers for sound-field presentation and a
bone vibrator. For children with hearing aids, where available, insert tips should be inserted into the
tubing of their ear-moulds, as this will be useful for prescribing amplification (BSA, 2014).
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Each BOA assessment should be as close to regular VRA as possible. Modifications are made from
starting position depending on the history, the child’s strengths and needs, parental preference and
observed responses.
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BSA (2014) recommended procedures for VRA should be followed for stimulus type and calibration.
Calibration may consider different heights for normal chairs and very small chairs/wheelchairs.
Frequency-modulated (warble) tones and/or narrow-band noise (NBN) or any other stimuli that
have reference equivalent threshold sound pressure (AC) or force (BC) levels should be employed
(BSA, 2008; Shaw, 2004). If the child is unresponsive to one of the above stimulus types, the use of
an alternative should be considered. Musical instruments, such as drum, rattle, chime bars,
xylophone can be used to engage with and learn about the child, but not as a means of testing. A
speech channel, CD/MP3 player facility to download age-appropriate tracks and other sounds can be
used with the same purpose. Considering the rapid habituation of BOA responses, a variety of
stimulus types is necessary.
Video recording facilities is recommended for peer review and post-assessment analysis of
responses.

7.

Test procedure

The test procedure is different for the 2 groups covered in this document:
a. For babies diagnosed with a moderate or greater hearing loss by the newborn hearing
screening programme, BOA is an option for behavioural testing until they reach a
developmental age for VRA. BOA is used to monitor hearing loss deterioration and fine tune
hearing aids. For this group, changes in sucking patterns is the response being observed.
Testing should follow BSA (2014) VRA recommended procedures as closely as possible. Although
when testing with BOA, conditioning and the use of reinforcers is not required.
Assessment should start once the baby has settled into a regular sucking pattern, not immediately
when the baby is hungry. Mother and the baby should be in a comfortable position with the
transducer being used already in place. The observer (second tester, i.e. audiologist, Teacher of the
Deaf (ToD) should have a good view of the baby to monitor changes in sucking pattern / behaviours.

As with VRA, start with frequency-specific stimuli (warble, FRESH or NBN). It is advised to start
around 20dB above ABR recordable threshold to observe suprathreshold response and observe any
change in sucking pattern with onset of stimuli (quicker/slower/stopped). Obtain a repeatable
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Being flexible and adaptable according to the child’s state as it may be necessary to test first and
obtain the case history after if the child is ready to feed.
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Ensure that the parents are prepared before attending the appointment and the child is either ready
to feed/awake at the start of the appointment. It is important to explain procedure to parents and
what you are looking for. Parents are the experts on their child and they can act as second observers
during the assessment.
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response and then decrease intensity. Due to the rapid habituation of responses, it is recommended
to descend in 20dB steps until no response is observed and increase in 10dB steps until at least 2
repeatable ascending responses are obtained.
Under most conditions, testing should begin in the sound-field. Proceed with inserts/BC as necessary
and perform aided testing if needed. Use a similar tick sheet to that used for VRA to document
responses.
b. Paediatric complex needs population in which cognitive level is significantly below their
chronological age.
For this group, a range of responses may be considered, as suggested below. Therefore, it is
extremely important to welcome parents’/carers’ comments on whether the behaviour observed is
valid as an emerging response pattern. This area of work requires flexibility and creativity within the
bounds of safe and effective assessment. Whilst standards of calibration and repeatable results must
be upheld, sticking rigidly to routine methods of assessment or trying to be the expert audiologist
without the parent or specialist teacher’s input is unlikely to succeed in this challenging and
specialist area of work.
Acceptable BOA responses are as follows:
Reflexive responses in BOA
- head or limb reflex
- whole body startle
- eye blink or flutter

Complex needs patients are often unresponsive to tonal stimuli. It is recommended alternating
between NBN, pulsed noise and warble tones, and then the environmental sounds, music and LING
sounds. It is useful to find a favourite sound/song/instrument that elicits the required response and
use it in between frequency specific stimuli to remind the child of the testing. Longer presentation of
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Several short appointments may be better in order to observe the child’s response repertoire. The
use of a behavioural observation form may be used in school or home environment to attempt to
understand the child’s listening behaviour. All sessions should be video recorded for review with by
both experienced and unbiased observers.
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Orientating or attention-type behaviours
- increase or decrease body movement (gesture)
- eye widening
- searching
- localisation
- quieting
- vocalisations

Practice Guidance
Behavioural Observational
Audiometry (BOA)
BSA
2019

stimuli, larger gaps between presentation intensities and plenty of no-sound trials are also
suggested.
In order to determine validity of responses, these must be repeatable and time-locked to the
auditory stimuli. Cross-reference informal observation and parental testimony with assessment
results such as a comparison between AC and BC thresholds with the ABR thresholds and OAE
results. Ensure a good correlation of results across all tests and check for any discrepancies.

8.

Considerations and tips for effective BOA testing
- Several short appointments might be better than a long one.
- Important to maintain continuity of care with the same team.
- Repeatable, consistent responses from at least 2 separate sessions needed prior to hearing
aid adjustments.
- Consider perfumes/odours as sensory impaired children can have a heightened sense of
smell.
- Also pay keen attention to other stimuli that the child may be responding to, such as
vibrations from footsteps, tactile sensations.
- Never try to carry out BOA testing after VRA in the same session as the child will probably
have a memory of the reward and appear to turn to the sound but in fact simply be seeking
out the reward.

9.

Interpretation, recording and reporting of results

Please refer to BSA (2014) recommended procedures for VRA as the same considerations need to be
taken into account when reporting BOA results.
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Appendix 1: Sample results form for use with BOA
BOA Responses
Name
NHS Number
Date
Testers
Stimulus
Low frequency
250 Hz warble tone
500 Hz warble tone
Voice (~500 Hz)

Right side

Left side

Overall

No sound trial

Mid frequency
1 kHz warble tone
2 kHz warble tone
3 kHz warble tone
High Frequency
4 kHz warble tone
“s” (~ 4 kHz)
HFR (6-8 kHz)
Other

Dummy suck/head or limb reflex/whole body startle/eye blink or
flutter/increase or decrease body movement/eye
widening/searching/localisation/quieting/vocalisations
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Response
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Non auditory
Tactile
Visual

Comments
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