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AUDIOMETRIC ZERO

Primary Disciplinary Field(s): Audiology, Acoustics, Psychoacoustics

1. Core Definition

The concept of Audiometric Zero serves as the fundamental reference point in clinical audiology,
defining the minimal sound level required for detection by an average young adult with clinically
normal hearing. Technically, Audiometric Zero is defined as the intensity level of a pure tone, at a
specific frequency, that is just audible to this statistically determined population. This standardized
acoustic output is formally known as the Reference Equivalent Threshold Sound Pressure
Level (RETSPL) for a given transducer and frequency. This concept is crucial for standardizing
hearing measurement and ensuring consistency across different audiometric devices and testing
environments.

By definition, Audiometric Zero corresponds precisely to 0 dB HL (Hearing Level). This means that
a sound presented at 0 dB HL is theoretically the softest sound that the average normal-hearing
person can perceive at that specific frequency. It is essential to distinguish 0 dB HL from dB SPL
(Sound Pressure Level). While SPL measures the physical intensity of sound relative to a fixed

pressure baseline, HL measures hearing ability relative to the standardized threshold of normal
hearing. For example, according to standards like ANSI S3.6-1996, the physical measurement
required to generate 0 dB HL for a 1-kHz pure tone using specific TDH-49 headphones is
approximately 7.5 dB SPL.

2. Etymology and Historical Development

The development of Audiometric Zero arose from the critical necessity to standardize clinical
hearing measurements in the early to mid-20th century. Prior to standardization, audiometers often
reported results in raw physical units (such as voltage or Sound Pressure Level), rendering
comparisons between instruments, clinics, and research studies highly unreliable. The inherent
variability stemming from differences in headphone acoustics, testing methodology, and individual
audiometer components demanded a unified threshold definition based on human perceptual
averages.

Early standardization efforts were undertaken by bodies such as the American Standards
Association (ASA) and, subsequently, the International Organization for Standardization (ISO).

These initiatives aimed to establish normative average thresholds for hearing across the critical
audiometric frequencies (125 Hz to 8000 Hz). The resulting globally recognized standards defined
the precise acoustic output, measured in specific reference couplers or artificial ears, required from
a given transducer (e.g., headphones) to equate to the statistically determined normal threshold,
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thereby establishing the universally accepted definition of 0 dB HL, or Audiometric Zero.

3. Key Characteristics

Audiometric Zero exhibits several defining characteristics that are fundamental to its operational
use in audiology. Firstly, it is inherently frequency-dependent. Because human hearing sensitivity
is non-uniform across the audible frequency range, the physical sound intensity (SPL) required to
elicit a threshold response changes dramatically with frequency. The required SPL to equal 0 dB
HL is typically lowest in the mid-frequency range (around 1 kHz to 4 kHz), reflecting peak human
sensitivity, and significantly higher at the lower and higher ends of the spectrum.

Secondly, Audiometric Zero is transducer-specific. The acoustic properties of the device used to
deliver the sound--including supra-aural headphones, insert earphones, or bone conduction
vibrators--influence the precise acoustic pressure delivered to the listener. Consequently, the
calibration standards (RETSPLs) must specify not only the test frequency but also the exact make
and model of the transducer used, along with the appropriate acoustic coupler required for
measurement. This specificity ensures that different devices, when correctly calibrated, yield
identical O dB HL results for the same acoustic threshold.

Thirdly, Audiometric Zero is a statistical average, not an absolute minimum threshold attainable
by a single ideal listener. It represents the mean threshold obtained from a large, rigorously
screened cohort of young, otologically healthy individuals. Clinical interpretation relies entirely on
the deviation from this zero point: if a person's hearing threshold is measured at 30 dB HL, it
signifies that their hearing requires 30 decibels more acoustic intensity than the average normal
listener requires to detect the sound at that specific frequency.

4. Significance and Impact

The significance of Audiometric Zero is profound, as it forms the bedrock for clinical assessment,
diagnosis, and rehabilitative audiology. Its primary impact lies in transforming raw physical
measurements (SPL) into clinically meaningful measures of hearing loss (HL). This standardization
eliminates device-specific variables and allows clinicians globally to compare patient results
directly, regardless of the specific audiometer or acoustic characteristics of the testing
environment, provided the equipment adheres strictly to accepted international standards (ANSI or
ISO).

This standardization is indispensable for public health, regulatory compliance, and therapeutic
intervention. By establishing a unified zero point, regulatory bodies can accurately define safe
occupational noise exposure limits and establish criteria for disability assessment. Furthermore, in
clinical practice, the degree of hearing loss--calculated as the patient's threshold relative to O dB
HL--directly informs the fitting and programming of amplification devices, such as hearing aids and

PSYCHOLOGICAL SCALES scales.arabpsychology.com



https://scales.arabpsychology.com/?p=46986
https://scales.arabpsychology.com
https://scales.arabpsychology.com

AUDIOMETRIC ZERO

cochlear implants, ensuring appropriate and individualized acoustic correction.

5. Calibration Standards and Maintenance

Accurate and continuous maintenance of Audiometric Zero relies on stringent compliance with
calibration standards, primarily dictated by the American National Standards Institute (ANSI S3.6)
and various parts of the ISO 389 series. These standards define the specific RETSPLs that must
be produced by audiometers to correctly designate O dB HL. The calibration procedure involves
measuring the actual sound output of the audiometer's transducers into standardized acoustic
devices, such as artificial ears or couplers, which simulate the volume and impedance of the
human ear canal.

This rigorous process ensures that when the audiometer dial is set to 0 dB HL at a given
frequency, it is generating the prescribed acoustic pressure level (SPL). For instance, the
reference threshold for bone conduction is calibrated relative to 0 dB HL using a standardized
mastoid simulator. Calibration must be performed routinely--typically annually, or immediately
following any repair or major relocation of the equipment--because transducer characteristics,
particularly those of headphones, can drift due due to factors such as membrane elasticity
changes, temperature fluctuation, and general wear. Failure to calibrate results in a systematic
shift of the Audiometric Zero, which can lead to consistent misdiagnosis by either overestimating or
underestimating a patient's true hearing loss.

6. Relationship to the Audiogram

Audiometric Zero dictates the baseline for the visualization and interpretation of the audiogram, the
standard graph used to chart a patient's hearing thresholds. On the audiogram, the horizontal line
corresponding to 0 dB HL represents Audiometric Zero. All subsequent hearing thresholds are
plotted as numerical deviations below this established norm. A threshold plotted at 50 dB HL, for
example, indicates a moderate hearing loss, signifying that the patient required 50 dB more
acoustic energy than the normal threshold (0 dB HL) to detect the sound.

Understanding Audiometric Zero is therefore central to interpreting the configuration and severity of
hearing loss. The audiogram visually translates the complex relationship between physical acoustic
energy (SPL) and perceived hearing ability (HL), with Audiometric Zero serving as the critical pivot
point for this translation. It allows clinicians to map precisely how far a patient's auditory sensitivity
deviates from the established average across the frequency spectrum vital for speech
comprehension.

7. Debates and Criticisms
Despite its indispensability, Audiometric Zero is subject to periodic academic scrutiny, primarily
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concerning the population used for its derivation and its application across evolving technologies. A
long-standing criticism involves the fact that the original reference populations utilized to establish
the standard thresholds were often limited to specific demographics--typically young, otologically
healthy individuals from industrialized, Western nations. Critics contend that these standards might
not perfectly represent the average hearing thresholds of populations influenced by different
genetic backgrounds, chronic noise exposure histories, or diverse environmental factors.

Furthermore, technological evolution constantly challenges the permanence of these standards.
The long reliance on reference thresholds established using older transducers, such as the TDH
series headphones, requires continuous updating as the industry shifts toward modern devices,
such as insert earphones, which offer superior acoustic sealing and stability. Maintaining robust
international consensus on these constantly shifting Reference Equivalent Threshold Sound
Pressure Levels (RETSPLs) between bodies like ISO and ANSI remains an ongoing and complex
collaborative effort essential for preserving the integrity and global consistency of Audiometric
Zero.

Further Reading

Hearing level - Wikipedia
ANSI S3.6-2010: Specification for Audiometers
1ISO 389-1: Acoustics -- Reference zero for the calibration of audiometric equipment

American Speech-Language-Hearing Association (ASHA) - Audiometer Calibration
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