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Mismatch negativity (MMN) is a component of the difference waveform derived from passive auditory oddball
stimulation.

mismatch negativity deviance detection predictive coding stimulus-specific adaptation

auditory neurophysiology

| 1. Introduction

Mismatch negativity (MMN) is generally defined as a negative polarity deflection viewed across the 150-250 ms
latency range in difference waveforms derived from standard and deviant event-related potential (ERP) responses
elicited by passive auditory oddball paradigms 2B This waveform feature is considered to be maximal
approximately halfway between the center of the forehead and the apex (electrode Fz in the 10-20 system),
although, like other ERP components, its morphology changes depending on the reference electrode(s). In passive
auditory oddball paradigm experiments, subjects are instructed not to attend to ongoing changes in the auditory
environment. Repetitive identical (i.e., standard) stimuli are played at a constant rate with a defined inter-stimulus
interval (I1SI) until they are unpredictably swapped for a physically different (i.e., deviant) stimulus. This sequence is
then repeated multiple times to obtain enough electroencephalogram (EEG) segments to average together to
produce corresponding ERP waveforms. Subtraction of the standard ERP from the deviant ERP is performed, and
MMN is typically quantified from this difference waveform somewhere within the aforementioned latency range,
although precisely where is generally not standardized between studies. While there are many variants on the
theme of passive auditory oddball paradigms, the fundamental principle rests on using two or more physically
distinct sounds, with the formation of a relatively predictable pattern using one that is subsequently perturbed by
another, physically different sound. This aspect of unpredictable change in the stimulus presentation sequence is
crucial to popular interpretations of MMN generation, as discussed later.

MMN is reportedly elicited by any perceptible change in the physical properties of a repeated sound BHIE This
deviance can be made with regard to duration, frequency, loudness, source location, pitch transition, synthesized
vowel, and presumably any combination thereof. While their predicted and unpredicted contexts are generally
believed to be of critical importance, the magnitude of MMN is proportional to the degree of physical difference
between standard and deviant stimuli . Furthermore, changes in individual physical properties of sound are
considered to produce distinct attributes in the MMN response, which may be characteristic of dissociable

underlying mechanisms. For instance, studies that have applied source modelling techniques have identified
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separate loci of activity associated with different physical deviances EIZBIE, This is particularly relevant for the
substantial body of clinical research (discussed in a separate section below) where different types of physical
deviance have been used in passive auditory oddball paradigms to elicit MMN in patient groups. It is considered to
be possible to elicit MMN from patients who are sleeping (2%, anaesthetized [, or in comatose states 2. A
corresponding mismatch response (MMR) is also thought to exist in many different animal species, including

amphibians 13, lower mammals 14, pigeons 22!, dolphins 18 and monkeys 171,
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Figure 1. Event-related potential waveforms obtained from an intensity oddball paradigm with quieter deviant (70
dB) and louder standard stimuli (80 dB). Mismatch negativity is typically defined as any observable negative
amplitude difference between the two ERPs within the latency range of 150 to 250 ms. The data for this figure was

obtained from [ and includes 40 subjects; shaded error-bars show standard deviation.

This concludes the main introductory points concerning MMN without delving into the proposed interpretations of
its underlying mechanisms. These may be summarized as follows: (1) it is quantified from the difference wave
between standard and deviant ERP responses evoked by a passive auditory oddball paradigm; (2) it can be
elicited by any physical difference between standard and deviant stimuli; (3) its magnitude is related to the degree
of difference between standard and deviant stimuli; (4) it can be evoked while subjects are awake, asleep, or
unconscious; and (5) it is widely shared throughout the animal kingdom. These consistent findings of MMN are
themselves evidence of robust sensory processing mechanisms. However, the practical significance of this topic is
principally derived from its putative utility as a biomarker for psychiatric disease [L8]I191[20] Thjs raises a number of
guestions concerning its underlying mechanisms that demand greater levels of scrutiny if this promise is to be

realized without detriment to prospective patients.

| 2. Deviance Detection Theory
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The mechanisms traditionally believed to underlie MMN generation have recently been expounded in a couple of
comprehensive review articles L2l These adequately recapitulate the prevailing theoretical framework, although
without sufficiently challenging the limitations of supporting evidence. The present review offers a different
perspective in an effort to bring balance to this discussion. From the earliest studies, MMN was interpreted as a
difference-detection response that represents automatic stimulus discrimination (21, This has since been referred to
as the deviance detection theory. Using today’s terminology, this theory considers that MMN reflects a
neurophysiological prediction error signal elicited by an error in perceptual inference; however, it may be noted that
this is essentially a rewording of the initially postulated mechanisms [22. This account assumes processes of
auditory object abstraction, whereby the physical properties of discrete sounds are represented together, which
presumably occurs during the ascending pathway as sensory signals travel through brainstem nuclei and up
towards the cortex. The means by which this abstraction is formulated may perhaps be through the functions of
auditory neurons that are tuned to different physical properties of sounds 23, although the manner in which these
cellular activities are integrated is uncertain. Further to the encoding of auditory objects, this theory posits that after
being encountered, these auditory objects are stored in sensory memory, or in other words, represented by a
perceptual predictive model. It is proposed that this memory representation is automatically compared with
incoming auditory objects, and if the two mismatch, the MMN response is generated; thus, it is referred to as a
prediction error signal (24, If the incoming auditory object and expected input are not sufficiently different to initiate
an MMN response, repetition suppression or stimulus-specific adaptation (SSA) occurs, which has been referred to
as model adjustment 23, These hypothesized mechanisms related to predictive modelling and comparative
processes can be described as top-down, whereas those associated with formation of auditory objects may be
referred to as bottom-up. Various terms have been used to describe this theory, including statistical learning and
inference, sensory learning, auditory perceptual learning, change detection, sensory memory, predictive coding,
auditory pattern learning, prediction error signaling, novelty processing, hierarchical rule learning, and automatic
auditory discrimination. Despite the deviance detection theory being widely supported in over four decades of

published research [Z[21l it is not universally accepted.

| 3. Fresh Afferents Theory

The term SSA is used to describe a phenomenon observed where repetition of an identical stimulus results in
attenuation of its evoked response, or repetition suppression. This is generally accepted as an established property
in sensory neurophysiology. Some research 28271 has examined the deviance detection theory and rejected it by
concluding that SSA alone can account for MMN responses. This fresh afferents theory presented an opposition to
the deviance detection hypothesis by suggesting that differential SSA to standard and deviant stimuli can
sufficiently explain differences between their responses, and corresponding difference waveform defections 281271,
The fresh afferents theory may be more appealing because it avoids the need to invoke some of the unproven
theoretical elements of the deviance detection theory, such as auditory objects, predictive perceptual models and
comparative mechanisms. However, this has frequently been portrayed as a less sophisticated means of MMN
generation than deviance detection 2812989 presumably due to the omission of more elaborate top-down

processes. Subsequently SSA was integrated into the deviance detection theory via the model adjustment
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hypothesis mentioned above 22 which retained the need for deviance-detection mechanisms to generate MMN.
Otherwise the fresh afferents theory was thoroughly dismissed by proponents of the deviance detection theory B9,
It may be noted that the emergent definition of a genuine MMN response appears to prohibit any mechanism other
than the prevailing deviance-detection hypothesis B, which may constrain the scope for properly evaluating
alternatives. While SSA is repeatedly shown in auditory neurons responding to presentation of tones of different
frequency, it is unclear whether comparable processes occur in response to sequences of stimuli with changes in
other physical aspects of sound 22, As such, fresh afferents might not be sufficient to describe findings of MMN in
response to changes in different physical parameters, and SSA could perhaps be an over-generalized term that
refers predominantly to frequency-specific adaptation, although there have been recent efforts to verify this using
frequency-balanced multi-tone stimuli 83,
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