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MINIMAL AUDIBLE PRESSURE (MAP)

Primary Disciplinary Field(s): Psychoacoustics, Audiology, Hearing Science

1. Core Definition

The concept of Minimal Audible Pressure (MAP) is central to the field of Psychoacoustics,

defining a fundamental limit of human hearing sensitivity. Specifically, MAP quantifies the lowest
sound pressure level (SPL) of a pure tone that an average human listener can perceive when that
tone is delivered directly into the ear canal via calibrated supra-aural or insert headphones or
earphones. This measurement represents the absolute threshold of audibility under controlled,
closed-field conditions. It is crucial to understand that MAP is inherently dependent on the specific
method of sound delivery, relying on the pressure generated directly against the tympanic
membrane or the acoustic input measured near the entrance of the ear canal. The resulting
threshold is typically plotted across the spectrum of human hearing frequencies, yielding the
classic curve representing the absolute threshold of hearing.

The definition strictly mandates the use of an artificial coupler--the headphone--to ensure that the
measurement reflects the pressure at the ear, minimizing interference from the acoustic
environment and eliminating the influence of the head and torso on the sound field. The
measurement is expressed in decibels of sound pressure level (dB SPL). By standardizing the
measurement setup, researchers and clinicians can reliably compare the hearing capabilities of
different individuals or track changes in auditory sensitivity over time. Unlike measurements taken
in an open field, MAP specifically isolates the auditory system from external environmental factors,
making it a critical metric for clinical audiometry and the calibration of transducers used in hearing
testing devices.

Furthermore, achieving the MAP requires precise control over the stimulus characteristics. The
tone must be a pure tone--a sinusoidal waveform of a single frequency--typically presented for a
duration sufficient for stable perception (e.g., 500 milliseconds or more). The threshold determined
is generally defined statistically, such as the sound pressure level that the listener can detect 50%
of the time. This statistical rigor ensures that the measurement is a true representation of the
minimum physical energy required to trigger a sensation in the auditory system, serving as the
baseline against which all other hearing performance metrics are compared.

2. Etymology and Historical Development

The study of the limits of human hearing has roots in 19th-century physics and early psychology,
but the formal establishment of the MAP concept developed alongside the refinement of electronic
instrumentation in the early 20th century. As audiometers became standardized tools for clinical
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use, the need arose to establish rigorous benchmarks for what constituted "normal hearing." Early
measurements, often performed by pioneers like Harvey Fletcher and Rudolf Wegel at Bell Labs in
the 1920s, laid the foundational groundwork for modern thresholds. Their experiments sought to
define the lowest energy levels across various frequencies that were just perceptible to young,
healthy listeners.

Initially, thresholds were often measured using loudspeakers in a free field (leading to the concept
of Minimal Audible Field, or MAF). However, the complexity of free-field measurements, which
involve room acoustics, head diffraction, and body effects, spurred the development of a more
controlled method using earphones. The term Minimal Audible Pressure emerged specifically to
distinguish the results obtained through this closed-field methodology. The standardization of MAP
measurements became critical in the mid-20th century, particularly with the establishment of
international standards bodies like the International Organization for Standardization (ISO). These
bodies formalized the pressure levels corresponding to the 0 dB Hearing Level (HL) reference,
which is essential for clinical practice.

The historical trajectory of MAP is intrinsically linked to the evolution of transducer technology. The
characteristics of the headphones--their frequency response, distortion levels, and coupling
mechanism to the ear--profoundly affect the measured pressure. Early supra-aural headphones
(like the Telephonics TDH-39) required specific acoustic couplers (like the NBS-9A or the IEC
60318-3 coupler) to ensure that the measured voltage applied to the headphone could be
accurately correlated with the sound pressure level generated in the ear canal. The historical shift
toward standardized calibration procedures was a necessary step to ensure that a MAP
measurement taken in one laboratory was comparable to a measurement taken elsewhere
globally, solidifying its status as a robust scientific measure.

3. Key Characteristics

MAP exhibits several key characteristics that distinguish it scientifically and clinically. Foremost
among these is its frequency dependence. Human hearing is not equally sensitive across all
frequencies; sensitivity is highest in the mid-range (typically 1 kHz to 5 kHz) and drops off
significantly at very low and very high frequencies. Consequently, the MAP measurement results in
a curve, not a single value. This curve illustrates the inverse relationship between the physical
pressure required for audibility and the frequency, demonstrating that much lower physical
pressure is heeded for a 3 kHz tone to be heard compared to a 100 Hz tone.

A second defining characteristic is the acoustic coupling specificity. Since MAP relies on
headphones, the method involves measuring the sound pressure within a restricted volume--the
residual space between the headphone diaphragm and the eardrum. This closed system
introduces specific acoustic phenomena, such as standing waves within the ear canal, and the
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potential for increased low-frequency response due to the sealed volume. Furthermore, the
measurement is highly sensitive to the fit and placement of the headphone. A poor seal, for
instance, allows low-frequency energy to leak out, raising the measured MAP threshold artificially,
a complication that must be carefully managed in both research and clinical settings.

Finally, MAP is fundamentally a measure of the absolute minimum threshold of perception,
distinct from the dynamic range of hearing. It defines the floor of the auditory system's operational
range, providing the necessary benchmark for interpreting supra-threshold measurements like
loudness growth functions or masking experiments. The precision of MAP is vital because small
differences in the measured threshold (even 1 or 2 dB) can reflect significant differences in the
underlying sensitivity of the inner ear, particularly when assessing early stages of hearing loss or
when conducting high-precision psychoacoustic research.

4. Methodology of Measurement (Acoustic Setup)

The measurement of Minimal Audible Pressure demands a rigorously controlled acoustic and
psychological environment. The primary requirement is an extremely quiet test space, typically a
sound-treated booth or chamber that minimizes ambient noise below the expected hearing
threshold levels (especially at low frequencies). The core equipment includes a clinical or research
audiometer, which generates precise pure tones, and a set of thoroughly calibrated headphones
(e.g., circum-aural, supra-aural, or insert earphones). Calibration is paramount; the relationship
between the electrical signal generated by the audiometer and the resulting SPL produced by the
headphone at the measurement point must be verified regularly using an artificial ear or acoustic
coupler, ensuring traceable accuracy to primary standards.

The procedure for finding the MAP threshold involves psychoacoustical methods designed to
reliably determine the point of minimal perception. Common methods include the Method of Limits
(where the tone intensity is gradually increased or decreased) or the Method of Constant Stimuli
(where fixed intensity levels are presented randomly). The listener is instructed to respond only
when they are certain they hear the tone. Modern clinical audiology often employs the modified
Hughson-Westlake procedure, which uses a combination of ascending and descending runs to
converge rapidly on the threshold, usually defined as the lowest level at which the listener
responds correctly to the tone in at least 50% of the presentations.

Due to the highly sensitive nature of the measurement, several factors must be mitigated. The
'physiological noise floor'--sounds generated internally by the body (e.g., blood flow, joint
movement)--can interfere, particularly at low frequencies when using insert earphones that seal the
ear canal tightly. Furthermore, the variability inherent in human judgment necessitates rigorous
control over the listener's motivation, attention, and response bias. Researchers must ensure that
the listener is truly responding to the auditory stimulus and not anticipating the sound, often
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employing forced-choice paradigms with silent intervals or 'catch trials' to maintain the integrity of
the collected data.

5. Relationship to Minimal Audible Field (MAF)

It is impossible to discuss MAP without contrasting it with its counterpart, Minimal Audible Field
(MAF). While MAP measures the minimum pressure required for hearing when the sound is
delivered directly via headphones (closed-field), MAF measures the minimum sound pressure level
required when the listener is seated in a free field (open-field), typically facing a loudspeaker in an
anechoic chamber. Comparing these two thresholds reveals a systematic and significant
difference--historically, MAP thresholds measured in dB SPL are approximately 6 to 10 dB higher
(less sensitive) than MAF thresholds at corresponding frequencies, particularly in the mid-
frequency range.

This consistent disparity, often termed the "MAP/MAF discrepancy," is attributed to several
complex psychoacoustic and acoustic factors. The primary factor is the acoustic effects of the
head. In the MAF measurement, the listener's head acts as an obstruction and a sound collector (a
diffraction effect), causing a pressure increase at the eardrum, especially for mid- and high-
frequency sounds. This natural amplification effect, known as the head-related transfer function
(HRTF), is absent when using headphones for MAP measurement. Therefore, the physical sound
pressure required at the eardrum is lower in the open field (MAF) than the pressure delivered
directly via the headphone (MAP) to achieve the same perceived loudness.

Other contributing factors to the discrepancy include differences in calibration procedures, the
presence of physiological noise in the MAP measurement (as the headphone seals the ear), and
the psychological effect of the closed-field environment. Despite the discrepancy, both MAP and
MAF are foundational for establishing the 0 dB Hearing Level (HL), the benchmark used in clinical
audiograms. Standard reference equivalent threshold sound pressure levels (RETSPLS) are used
to adjust the electrical output of clinical audiometers so that the resulting sound pressure delivered
by the headphones corresponds to the MAF threshold curve, effectively normalizing the clinical
hearing test to reflect true open-field hearing sensitivity.

6. Significance and Impact

The establishment and ongoing refinement of the Minimal Audible Pressure concept have had a
profound impact across audiology, engineering, and occupational health. Clinically, MAP serves as
the fundamental reference point for diagnosing hearing loss. The audiogram, the graphical
representation of a person's hearing sensitivity, is essentially a comparison of an individual's MAP
measurement against the established average MAP curve for young, otologically healthy adults
(the 0 dB HL reference). Any deviation above this reference line signifies a loss of sensitivity
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requiring greater pressure to perceive the sound.

In acoustic engineering, the understanding of MAP is vital for the design of audio equipment, noise
control measures, and communication systems. Designhers of headphones, loudspeakers, and
hearing protection devices must account for the frequency dependence of the human threshold to
ensure that their products operate within the dynamic range of human hearing without causing
discomfort or damage. For example, noise standards set limits based on how far above the MAP
curve certain environmental noises fall, impacting regulations governing industrial noise exposure
and community noise limits.

Furthermore, MAP is indispensable in basic psychoacoustic research. It provides the necessary
baseline for all studies involving masking, loudness scaling, pitch perception, and binaural hearing
phenomena. By precisely defining the absolute floor of audibility, researchers can accurately
guantify how various physical parameters of sound (e.g., bandwidth, duration, phase) affect
perception relative to the most fundamental measure--the point at which sound becomes
perceptible. Its enduring significance lies in its role as the anchor point for the entire scale of
human auditory experience.

7. Debates and Criticisms

While MAP is a standardized and essential metric, it is not without theoretical and practical
limitations, leading to ongoing scientific debate. One major criticism revolves around the
aforementioned MAP/MAF discrepancy. Some researchers argue that MAP, by eliminating the
natural acoustic boost provided by the head and pinna, presents an artificially depressed (higher
SPL) view of true human auditory sensitivity, questioning its ecological validity compared to
listening in a natural sound field (MAF).

Another significant limitation stems from individual anatomical variability. The effective pressure
generated by a headphone is highly dependent on the shape and volume of the specific ear canal
into which it couples. Although standardized acoustic couplers are used for calibration, these
artificial ears do not perfectly mimic the diverse range of human ear canal geometry. This variability
introduces potential errors when translating the calibrated SPL in the coupler to the actual pressure
reaching the eardrum of a specific patient, particularly when using insert earphones where sealing
and insertion depth are variable factors influencing resonant characteristics.

Finally, the definition of the MAP threshold itself is subject to psychological factors. The threshold
is fundamentally an operational definition based on a statistical probability of detection (e.g., 50%).
Changes in listener fatigue, attention, training, or subjective decision criteria can shift the
measured threshold by several decibels, even when the acoustic stimulus remains constant.
Consequently, clinical application requires highly trained personnel to minimize these behavioral
variances, reinforcing the recognition that MAP is an interdisciplinary measure dependent on both
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precise physics and controlled psychology.

8. Further Reading

Absolute threshold of hearing (Wikipedia)
Audiometry and Hearing Level Standards (Wikipedia)

Sound Pressure Level and Decibels (Wikipedia)
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