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Face and Content Validity of the Audiometry Clinical Assistant for Research and Learning 
(Audio CARL)

Pure-tone audiometry:
• Standardized measure of hearing loss (severity, type and configuration). Hands-on training is

required to achieve competency.

Simulations in clinical training:
• Simulations can be in many forms: software-based, virtual reality, and manikin-based
• Improves confidence, competency and participant safety1, 2,3
• The CARL manikin has been used for otoscopy, cerumen management, ear impressions4,

hearing aid verification, probe-tube placement5 and real ear measures6. Improved access to
practice is a common benefit.

• Audiometric simulators provide practice with hearing loss severities and configurations not
found amongst peers.
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BACKGROUND

• To evaluate the face and content validity of a 2nd generation prototype of Audio CARL across
different hearing loss types and configurations, in a large sample of trainees and practicing
Audiologists varying in experience.

Participants
• 38 adults age range 21-63, 29 females and 9 males
• Practicing hearing healthcare clinicians (n=11) and audiology trainees (n=27)

Audiometry Clinical Assistant for Research and Learning (Audio CARL)
1. Equipped with MEMS mics, left and right
2. Custom software allows entry of “playlists” of audiograms; CARL’s hearing simulates each
3. Shoulder-mounted LED lights turn on to indicate a tone detection

Audiogram display on Audio CARL software. This example shows the
measured thresholds (dark symbols) and the programmed thresholds
(light symbols), for a hypothetical case in which the measured thresholds
disagree with the programmed thresholds

Audiograms 
1. Included a variety of dynamic hearing range (mild to profound)
2. Included a variety of configurations (cookie-bite, flat, rising, flat) 
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Table 1. The programmed audiograms for simulated cases were based on published audiograms7,8 with small 
variations added to create left/right differences and to stay within the dynamic range of Audio CARL or the 
audiometer.* = limited dynamic range

• 89% of audiograms had RMSE ≤ 5 dB
• Good absolute agreement between the measured and programmed audiograms

for both trials (Intraclass correlation coefficient = 0.83, 0.88, p<.001)

• Good absolute agreement between the measured and programmed audiograms
at most audiometric frequencies

• Face validity ratings still under analysis; results are generally consistent with prior
CARL evaluations5

• This 2nd generation prototype has some between-ear discrepancy at 250 Hz;
further evaluation with an improved commercial version is currently underway

Procedure 
• Each participant tested 2 randomly-selected audiograms.
• Completed pure-tone audiometric assessment using ER3A insert phones from 250 to 8000

Hz.
• Each participant rated the clinical utility and feasibility of the Audio CARL system using an

online questionnaire.

Audio CARL manikin, used
with left and right insert
earphones. LED lights
turning on to indicate a tone
detection

Results from questions within the online survey. Participants found Audio CARL a high-
quality simulator that provided access to learning as a means to develop competency in
air-conduction testing

Mean difference: Measured vs Programmed Audiograms

The size of the bubbles denotes the number of the participants that correspond to a measured and
programmed dB pairing (eg. for Right Ear, 6 participants measured 50 dB for a programmed 40 dB at 250 Hz).
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High-quality simulator that will
help trainees develop
competency in air-conduction
audiometry

Provides more access to practice
learning audiometry than
practicing on fellow
learners/volunteers

Provides more access to testing
different hearing losses than the
traditional approach of practicing
on fellow learners/ volunteers.

OBJECTIVES 

METHODS RESULTS

Label 250 500 750 1000 1500 2000 3000 4000 6000 8000
N3 35 35 35 40 45 50 55 60 65 65

N4 55 55 55 55 60 65 70 75 80 80
N5 65 70 75 75 80 80 80 80 80 85

N6* 70 75 80 90 90 90 95 100 100 95
S3* 35 35 50 60 70 75 80 80 80 85

Pittman Adult U Shape* 30 30 35 35 40 40 55 60 55 50

Pittman - Tentshaped/other Adult 40 40 35 30 40 50 60 65 65 65
Pittman - Tentshaped/other Child 65 60 70 80 65 50 60 70 90 90

Pittman - Child Sloping 40 45 50 55 60 65 75 80 85 90

Pittman Rising Child* 55 50 50 45 40 40 35 30 35 35
Pittman Flat Child 55 60 60 60 60 60 60 55 60 60

Left ear: 95% of measured 

thresholds within ±5 dB 

Right ear: 88% of measured 

thresholds within ±5 dB 

CONCLUSIONS
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