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PERCEIVED TIME VS OBJECTIVE TIME
IN AUDIOMETRIC TESTING: 
Fast Bayesian vs Hughson-Westlake
Methods in Young Musicians 

Signals & Smart Systems Lab (L3S), National Engineering School of Tunis (ENIT), Tunisia 1

National Institute of Applied Science and Technology (INSAT), Tunisia2

dB.Sense, Tunis El Manar University (UTM) Innovation Center, Tunisia3

Ines BEN AÏSSA , Rim AMARA , Mériem JAÏDANE  1 1,2 1,3

CONTEXT & MOTIVATION

EXPERIMENTAL PROTOCOL DYNAMICAL SYSTEMS FORMALIZATION RESULTS

CONCLUSION REFERENCES

Conventional Hughson Westlake (HW) audiometry relies on structured
stimulus sequences governed by predictable decision rules
Bayesian Active Learning (BAL) audiometry  adaptively explores the
frequency-level space, selecting stimuli that maximize information gain and
reduce uncertainty in the estimated audiogram
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The organization of sensory stimuli can influence the perception of time2

Musicians provide a suitable population for investigating these perceptual
mechanisms due to their refined pitch discrimination3

Participants

Mean test time: 5.63' for BAL vs 15.87' for HW
Participant estimates vs actual test time: 

Procedure

Objective vs Perceived Test Time

First audiometric test: 3 for HW - 3 for BAL

Music Listening Session: mean ± SD = 46.3' ± 8.0'

Second audiometric test:  3 for HW - 3 for BAL

Stimulus sequences treated as dynamical trajectories through
frequency-level space where each trial is one step s5

λ : Maximum Lyapunov Exponent quantifies the structural
predictability of a stimulus sequence, estimated as the slope of the
mean log-divergence                  in the linear region  (yellow band)
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Pre-test questionnaire: musical practice, hearing
health and habits

Post-test survey and semi-structured interview

Protocol logs

Virtual Patient
simulations4

Stimulus sequence
as a trajectory

Reconstruct trajectory
in state space5

Track trajectory
divergence

Extract predictability
rate λmax
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Higher λ  values in BAL:max

more rapidly diverging
stimulus trajectories 
shorter predictability horizon  

Lower λ  values in HW:max

more structured and repetitive
stimulus sequence
longer predictability horizon

→ Greater stimulus predictability may
facilitate anticipation of upcoming
stimuli, contributing to the observed
underestimation of elapsed test time3

BAL: closely matched (ratio ×1.1)
HW: substantially underestimated (ratio ×2.3)

We propose dynamical systems theory as a novel framework to
characterize audiometric protocols and quantify auditory
perceptual dynamics through stimulus succession and structure. 
Fast Bayesian vs Hughson-Westlake protocols highlight how
differences in stimulus predictability influence the discrepancy
between perceived and objective test duration. 
Young musicians, with enhanced temporal and predictive processing
abilities, represent a relevant population for validating our framework.
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→ Predictable test sequences engage
top-down prediction more strongly
than randomized ones , which may
explain why the more structured
protocol felt shorter to participants
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Interpretation
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