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MINIMAL AUDIBLE FIELD (MAF)

Definition and Fundamental Concept of the Minimal Audible Field

The Minimal Audible Field (MAF) represents the lowest sound pressure level (SPL) at which a
pure tone can be reliably detected by a human participant. This measurement is fundamental to
the field of psychoacoustics and clinical audiology, establishing the absolute threshold of hearing
sensitivity under optimal acoustic conditions. Crucially, the MAF is determined using a free field or
sound field methodology, meaning that the participant is situated within an open acoustic
environment where the sound source is presented via loudspeakers, rather than through
headphones. This technique is specifically employed to emulate the natural, real-life experience of
hearing, allowing sound to interact fully with the listener's head, pinnae (outer ears), and torso
before reaching the tympanic membrane. The resulting measurement, therefore, incorporates the
natural acoustic enhancements and filtering effects provided by the external auditory anatomy,
which are essential components of human auditory perception.

In formal terms, the MAF is the threshold below which a tone or sound cannot be perceived by the
listener. It is generally defined as the sound pressure level at which a listener correctly identifies
the presence of a tone 50 percent of the time during a rigorous psychophysical procedure, such as
the Method of Limits or the Method of Adjustment. This behavioral threshold is highly dependent
on the frequency of the presented tone, reflecting the non-uniform sensitivity of the human auditory
system. The ear exhibits maximal sensitivity in the mid-frequency range, typically between 1 kHz
and 4 kHz, where the sound pressure level required for detection is at its absolute minimum.
Understanding this frequency dependence is vital for any scientific study of hearing, as it dictates
how we perceive the relative loudness of sounds across the audible spectrum.

The establishment of the MAF is predicated on precise calibration and stringent environmental
control. Measurements are typically conducted in specialized acoustic environments, such as
anechoic chambers, which are designed to eliminate sound reflections and external noise,
ensuring that the only acoustic stimulus reaching the participant is the calibrated test tone. The
sound pressure level is carefully measured at the position where the listener's head is located prior
to or during the test, ensuring accuracy. By maintaining these strict controls and utilizing the free
field methodology, the MAF provides the most ecologically valid measure of the absolute limit of
human hearing, forming the essential baseline for all subsequent measurements of hearing loss
and loudness perception.

Methodology: The Free Field Measurement Technique

The core requirement distinguishing MAF measurement from other audiometric procedures is the
use of the free field setup. In this scenario, the participant is seated within a highly controlled
acoustic space, and sound is delivered via one or more loudspeakers positioned at a specific angle
and distance, typically O degrees azimuth (directly in front) and approximately one meter away.
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This contrasts sharply with standard clinical audiometry, which often relies on supra-aural or insert
earphones (Minimal Audible Pressure, MAP). The free field technique ensures that the acoustic
stimulus interacts naturally with the head, thereby including the complex effects of head
diffraction and the filtering characteristics imparted by the pinna and ear canal resonance. These
natural acoustic transformations can result in substantial gain (amplification) at the eardrum,
especially for frequencies around 3 kHz, which is critical for real-world speech understanding.

To achieve a valid MAF, the acoustic environment must be meticulously managed. The use of an
anechoic chamber is standard practice, as its wedge-lined surfaces absorb virtually all sound
energy, preventing reflections that could interfere with the direct path of the test tone. Calibration is
another critical procedural step. Before testing begins, a reference microphone must be placed
precisely where the listener's head will be centered, and the output of the loudspeaker system
must be calibrated to ensure that the stated sound pressure level corresponds accurately to the
physical reality at the listener's position. If the testing environment is not perfectly anechoic, strict
criteria must be applied to ensure that the room's reverberation time is minimal and does not
contaminate the threshold measurement.

The participant's role in MAF measurement is fundamentally behavioral. They are usually
instructed to provide a clear indication (e.g., pressing a button or raising a hand) only when they
are absolutely certain they perceive the tone, even if it is incredibly soft. Psychoacoustic methods,
such as the staircase method, are often employed to home in on the precise threshold efficiently.
The reliance on the listener's subjective perception underscores that MAF is a psychoacoustic
measure, influenced not only by the physical characteristics of the sound wave but also by internal
physiological and cognitive factors, including attention and inherent neural noise. The final MAF
value is typically reported as the average threshold across a large, statistically relevant sample of
young, healthy listeners.

Distinguishing MAF from Minimal Audible Pressure (MAP)

A crucial differentiation in auditory science exists between the Minimal Audible Field (MAF) and
the Minimal Audible Pressure (MAP). While both measure the absolute threshold of hearing, they
utilize fundamentally different measurement locations and apparatus. MAP measures the sound
pressure level required for detection directly at the tympanic membrane (eardrum) or within the
occluded ear canal, typically achieved through the use of highly coupled, closed-system
earphones. Because the earphones bypass the natural acoustic modifications introduced by the
head and pinna, MAP isolates the sensitivity of the middle and inner ear structures. In contrast,
MAF, measured in the free field, intrinsically includes these external anatomical benefits.

This methodological difference leads to a systematic and predictable discrepancy between the two
measurements, often referred to as the "missing 6 dB." Historically, when comparing MAF and
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MAP measurements obtained from the same listeners, the MAF thresholds were consistently found
to be lower (i.e., the listener was more sensitive) than the MAP thresholds, particularly in the
critical speech frequencies (1 kHz to 5 kHz). This difference is primarily accounted for by the head
and pinna gain--the acoustic boosting effect that the outer ear structures naturally provide when
sound waves encounter the head in an open field. The acoustic resonance of the ear canal alone
provides amplification around 3 kHz, which is included in MAF but excluded in MAP measurements
when using standard headphones.

Understanding this distinction is not merely academic; it is vital for the appropriate calibration and
application of audiometric standards. MAP measurements are essential for clinical audiometry
because they allow for precise, ear-specific threshold determination, which is necessary for
diagnosing unilateral hearing loss. However, MAF provides the basis for defining Audiometric
Zero (0 dB HL) for free-field listening, which is the standard reference used in public health
standards and environmental noise regulations. Therefore, any conversion or comparison between
thresholds obtained via headphones (MAP) and thresholds obtained via loudspeakers (MAF)
requires careful application of correction factors to account for the inherent acoustic differences
between the two testing environments.

Physiological and Acoustical Factors Influencing MAF Measurements

The determined MAF threshold is not solely a function of the sound stimulus; it is significantly
influenced by a complex interplay of physiological and acoustical factors inherent to the listener
and the environment. Physiologically, the MAF incorporates the effects of the listener's physical
anatomy. Variations in head size, the unique contours of the pinna, and the precise length and
shape of the external ear canal all act as individualized acoustic filters. These factors determine
the Head-Related Transfer Function (HRTF) of the individual, which dictates how sound waves are
modified spatially and spectrally before reaching the inner ear. Since MAF is a behavioral threshold
derived from the integration of these individual anatomical effects, a single standardized MAF
curve represents only the statistical average, meaning the actual MAF for any specific individual
may deviate slightly based on their unique morphology.

Acoustically, the precision of the MAF measurement hinges on the stability and purity of the test
environment. While anechoic chambers are the gold standard, subtle environmental variables
can still exert influence. Background noise, even if very low, introduces masking effects that can
raise the determined threshold. Furthermore, physical properties of the air, such as temperature
and humidity, can minimally affect the speed of sound and its attenuation characteristics, though
these are typically only relevant for highly sensitive research applications. For MAF to be clinically
and scientifically reproducible, the sound presentation must be spatially stable; any slight
movement of the listener's head relative to the sound source can alter the acoustic coupling and
modify the measured threshold due to changes in head shadow effects.
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Moreover, the MAF is susceptible to various non-auditory physiological and psychological states of
the listener. Factors such as alertness, fatigue, motivation, and the listener's criterion for
responding (how certain they must be before indicating they heard the tone) introduce variability.
Age is another critical physiological factor; as listeners age, high-frequency sensitivity naturally
declines (a condition known as presbycusis), which elevates the MAF threshold significantly above
the standardized young adult baseline, particularly above 6 kHz. Researchers must therefore
carefully screen participants to ensure they meet the criteria for otologically normal hearing,
typically defined as having thresholds no greater than 15 or 20 dB Hearing Level (HL) across the
audiometric frequencies, to ensure the resulting data accurately reflects the idealized minimal
threshold.

The Role of MAF in Establishing Standard Audiometric Zero

The most enduring contribution of MAF research is its foundational role in establishing Standard
Audiometric Zero (0 dB HL). Before standardized MAF measurements were widely conducted in
the mid-20th century, various research laboratories used different arbitrary reference levels,
making comparisons of hearing loss data highly inconsistent. The need for a universal reference
point led to large-scale studies involving thousands of otologically normal young adults (typically
aged 18-25) to determine the average absolute minimum sound pressure level required to hear a
tone at each specific frequency. This statistically derived average MAF curve then served as the
basis for the definition of 0 dB HL.

Audiometric Zero is defined as the median threshold of hearing for these reference populations. It
is crucial to understand that O dB HL does not mean the absence of sound; rather, it means that
the sound pressure level being presented is equal to the average minimal sound pressure level
that a healthy young ear requires to just perceive that tone. Because human sensitivity varies
drastically with frequency (requiring much higher SPLs to hear low frequencies like 125 Hz than
mid-range frequencies like 2 kHz), 0 dB HL corresponds to a different actual SPL (measured in dB
SPL) for every frequency. For example, 0 dB HL at 1000 Hz might correspond to approximately 7
dB SPL, whereas 0 dB HL at 125 Hz might correspond to 45 dB SPL.

This standardization, codified by international organizations such as the International Organization
for Standardization (ISO) and the American National Standards Institute (ANSI), ensures that
clinical audiograms are universally interpretable. When a patient is tested and their threshold is
found to be, for example, 30 dB HL at 1 kHz, it means their hearing threshold is 30 decibels higher
(less sensitive) than the average threshold established by the MAF reference population for that
specific frequency. The MAF data thus provides the essential transformation scale, allowing sound
pressure measurements (dB SPL) to be converted into a clinically meaningful scale of hearing
level (dB HL), which is the primary metric used in diagnosing and quantifying hearing impairment.
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Applications in Audiology and Psychoacoustics

The MAF serves as a critical reference point with wide-ranging applications across audiology,
psychoacoustics, and acoustic engineering. In clinical audiology, although pure-tone testing is
often conducted under MAP conditions (using headphones), MAF data is indispensable for the
calibration and verification of free-field audiometry systems. This free-field testing is necessary
when evaluating patients who cannot wear traditional headphones, such as infants, young children,
or individuals undergoing hearing aid testing where the devices must be evaluated in their
operational, open-ear state. By using the MAF standard, clinicians can ensure that the sound field
speakers are presenting tones accurately according to the dB HL scale, maintaining measurement
integrity even in non-traditional testing scenarios.

In psychoacoustics research, MAF data forms the absolute baseline for investigating how humans
perceive sound intensity and quality. Experiments focused on phenomena such as loudness
growth, masking effects, and temporal resolution all require a reliable, standardized absolute
threshold against which suprathreshold stimuli can be compared. For instance, studies developing
equal-loudness contours (Fletcher-Munson curves or ISO 226 standards) begin with the MAF
curve, charting how the perceived loudness of a sound changes relative to the minimal audible
level as intensity increases. The MAF provides the zero-point foundation necessary for mapping
the entire dynamic range of human hearing, from barely audible whispers to dangerously loud
sounds.

Furthermore, MAF principles are applied extensively in acoustic engineering and safety standards.
Engineers designing auditory warning systems, such as alarms or emergency signals, rely on MAF
data to ensure that the signals are presented at a frequency and intensity guaranteed to be
detectable by the average person, factoring in potential environmental noise masking. Similarly,
occupational health standards regarding noise exposure utilize MAF-derived weighting curves (like
the A-weighting scale) to assess the risk of noise-induced hearing loss. These scales prioritize
frequencies where the human ear, based on MAF studies, is most sensitive, providing a
biologically relevant measure of noise impact rather than a simple unweighted sound pressure
reading.

Limitations and Future Directions

Despite its foundational status, the standardized Minimal Audible Field measurement is subject to
inherent limitations. The most significant limitation stems from the fact that the MAF curve
represents a statistical average derived from a specific, highly controlled population (otologically
normal young adults). This means the standard MAF may not perfectly represent the threshold of
any single individual, particularly those whose head and ear anatomy deviate significantly from the
norm. Consequently, the applicability of the standard MAF to highly individualized scenarios, such
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as the precise calibration of spatial audio systems or personalized hearing aids, is constrained by
this reliance on group data.

Another critical limitation relates to the ecological validity of the stimulus. MAF is traditionally
measured using pure tones presented in an anechoic, reflection-free environment. While this
maximizes measurement precision, it fails to capture the complexity of real-world listening, where
sounds are typically broadband (complex spectra) and are heard in environments characterized by
reverberation and reflections. These complex acoustic conditions can significantly alter the
perceived threshold and spatial localization cues, meaning the MAF measured in the lab might not
precisely predict the absolute threshold achieved in a highly reverberant room or outdoors where
ambient noise levels are high and sound interaction with surfaces is constant.

Future research in psychoacoustics is moving toward overcoming these limitations by developing
more dynamic and individualized threshold models. A key area involves the integration of high-
resolution Head-Related Transfer Functions (HRTFs), which are highly individualized
measurements that mathematically describe how a sound from a specific direction is filtered by a
listener's unique anatomy. By incorporating personalized HRTFs, researchers aim to move beyond
the single, static MAF curve to create individualized MAF predictions that account for a person's
precise anatomical gain. This advancement is essential for developing next-generation audio
technologies, such as virtual reality audio and highly adaptive hearing prosthetics, that require
extremely accurate, individualized representations of the absolute auditory threshold.

Summary of Key MAF Parameters

The following list summarizes the defining characteristics and implications of the Minimal Audible
Field:

Definition: The lowest sound pressure level (SPL) at which a pure tone can be reliably detected
(50% detection rate).

Methodology: Requires measurement in a free field or sound field, typically within an anechoic
chamber, using loudspeakers.

Distinction: Differs from Minimal Audible Pressure (MAP) because MAF includes the acoustic
gain provided by the head, pinna, and ear canal resonance.

Sensitivity Curve: The MAF curve demonstrates that human hearing is most sensitive between 1
kHz and 4 kHz, requiring the least amount of SPL for detection in this range.

Standardization Role: MAF data from large populations forms the basis for defining Audiometric
Zero (0 dB HL), the universal reference point for clinical hearing measurement.

Applications: Used for calibrating free-field audiometry, establishing psychoacoustic baselines,
and informing acoustic safety and engineering standards.
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