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Abstract
Pre-attentive processing refers to early, automatic processing of stimuli that
occurs without attentional involvement, and auditory mismatch negativity
(MMN) is the most commonly used index for investigating pre-attentive
processing. MMN impairments have been observed in numerous psychiatric
disorders; however, the neurobiological mechanisms underlying such impair-
ments remain poorly understood. Animal models, which permit sophisticated
neurobiological and pharmacological manipulations, can help elucidate the
underlying mechanisms of MMN. Future animal research should consider
species-specific characteristics and integrate the strengths of both human and
animal studies to conduct cross-species investigations, thereby facilitating
a deeper understanding of the micro- and macro-level manifestations of
pre-attentive processing.

Full Text
Establishment and Evaluation of Animal Models of Pre-
attentive Processing: Based on Impairments in Mental Dis-
orders
WANG Sheng, CHEN Yahong, WANG Jinyan

(CAS Key Laboratory of Mental Health, Institute of Psychology, Chinese
Academy of Sciences, Beijing 100101, China)
(Department of Psychology, University of Chinese Academy of Sciences, Beijing
100049, China)

chinarxiv.org/items/chinaxiv-202008.00036 Machine Translation

https://chinarxiv.org/items/chinaxiv-202008.00036
https://chinarxiv.org/items/chinaxiv-202008.00036


Abstract
Pre-attentive processing refers to the early, automatic cognitive processes that
occur without conscious attention. Auditory mismatch negativity (MMN) is
the most commonly used indicator for studying pre-attentive processing. MMN
deficits have been observed across numerous mental disorders, yet the neurobi-
ological mechanisms underlying these impairments remain poorly understood.
Animal models, with their sophisticated neurobiological and pharmacological
manipulations, offer valuable tools for elucidating the mechanisms of MMN. Fu-
ture animal research should consider species-specific characteristics and leverage
the complementary strengths of human and animal studies to conduct cross-
species investigations, thereby advancing our understanding of pre-attentive
processing at both micro and macro levels.

Keywords: Rodents; Pre-attentive Processing; Mismatch Negativity;
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1. Pre-attentive Processing and Mismatch Negativity
When sensory signals in the environment undergo subtle changes, our brains can
automatically detect these alterations without active attention. This automatic
detection mechanism for environmental changes is called pre-attentive process-
ing, which forms the foundation of human perceptual and cognitive activities.
Our apparent ability to automatically notice novel or important information in
the environment is precisely guided by this pre-attentive processing mechanism
(Molholm, Martinez, Ritter, Javitt, & Foxe, 2005).

Mismatch negativity (MMN) is an effective indicator reflecting the level of pre-
attentive processing. It is an electrophysiological response generated when the
brain detects noticeable changes in regularly occurring environmental stimuli.
MMN can be elicited across multiple sensory modalities, including auditory
(Näätänen, Paavilainen, Rinne, & Alho, 2007), visual (Kovarski et al., 2017),
and somatosensory processing (Akatsuka, Wasaka, Nakata, Kida, & Kakigi,
2007). Importantly, MMN can be reliably generated even when individuals
lack active attention to stimulus changes—for instance, during distraction tasks
(Näätänen, Gaillard, & Mäntysalo, 1978), sleep states (Atienza, Cantero, &
Dominguez-Marin, 2002), and even in coma or deep anesthesia (Morlet & Fis-
cher, 2014). This demonstrates that MMN generation does not require conscious
participation but rather reflects automatic detection of environmental changes.

The most commonly used paradigm for measuring MMN is the oddball paradigm
(Tervaniemi, Schröger, & Näätänen, 1997), which includes two types of stimuli:
infrequent, unexpected deviant stimuli and repeatedly presented standard stim-
uli. Deviant stimuli elicit a larger negative wave than standard stimuli. By
subtracting the ERP waveform evoked by standard stimuli from that evoked
by deviant stimuli, researchers obtain the MMN component. MMN typically
appears within 100-250 ms after stimulus onset, with maximal negative ampli-
tude observed over frontal regions and polarity inversion over temporal regions
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(Näätänen & Alho, 1995; Näätänen & Michie, 1979; Sams, Paavilainen, Alho,
& Näätänen, 1985). Two primary mechanisms have been proposed to explain
MMN generation. The first is the predictive coding hypothesis, also known as
the deviance detection hypothesis (which we will refer to as“deviance detection”
in this article) (Marta I. Garrido, Kilner, Stephan, & Friston, 2009). The sec-
ond is the adaptation hypothesis (Jääskeläinen et al., 2004). According to the
deviance detection hypothesis, the continuous presentation of standard stimuli
allows the brain to extract regular features, form a memory template, and estab-
lish a predictive model. When a deviant stimulus violates this predictive model,
the brain generates a signal reflecting the mismatch information, which mani-
fests as MMN in the EEG (Friston, 2005; Garrido, Kilner, Stephan, & Friston,
2009; Wacongne, Changeux, & Dehaene, 2012; Wacongne, 2016). In contrast,
the adaptation hypothesis suggests that MMN does not reflect higher-level com-
parison processes but rather differences in neural adaptation between common
(standard) and rare (deviant) stimuli (Jääskeläinen et al., 2004; May & Tiitinen,
2010). Since adaptation to deviant stimuli is much weaker than that caused by
repeatedly presented standard stimuli, this difference in adaptation manifests
as MMN, with its amplitude reflecting early sensory processing capacity and
its latency indicating the time required to discriminate between standard and
deviant stimuli (Picton, Alain, Otten, Ritter, & Achim, 2000).

Perceptual processing deficits and attentional impairments characterize many
psychiatric disorders, and accumulating evidence suggests that pre-attentive
processing deficits may constitute a core pathological mechanism underlying
these cognitive disturbances. For example, schizophrenia patients exhibit work-
ing memory and attention deficits, and MMN studies have revealed impaired
auditory sensory memory in these patients, including diminished ability to form
memory traces for repeated auditory stimuli (Umbricht & Krljesb, 2005). This
may represent a fundamental cause of working memory decline in schizophrenia.
Additionally, deficits in auditory sensory memory imply reduced deviance de-
tection capacity, potentially leading to selective attention impairments. Indeed,
substantial evidence demonstrates an association between selective attention
deficits and MMN impairments in schizophrenia, leading researchers to propose
that selective attention deficits in schizophrenia patients stem from pre-attentive
processing disturbances rather than from impaired active attention allocation
(Avissar et al., 2017). MMN impairments have also been observed in autism
spectrum disorder, depression, and post-traumatic stress disorder (T.-C. Chen,
Hsieh, Lin, Chan, & Cheng, 2020; Menning, Renz, Seifert, & Maercker, 2008;
Sussman, Na, Salisbury, & Shafer, 2014), collectively highlighting the impor-
tance of investigating pre-attentive processing deficits in mental disorders and
the necessity of understanding MMN mechanisms.

However, human MMN research in mental disorders remains at a macroscopic
level, primarily focusing on whole-brain imaging and pharmacological interven-
tion studies (Rissling et al., 2013; Rosburg & Kreitschmann-Andermahr, 2015),
which limits its clinical applicability. While studies have identified MMN im-
pairments in patients with mental disorders, the role of the underlying brain
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dysfunction reflected by these impairments remains unclear. Moreover, the re-
lationship between MMN deficits and disease progression varies across different
disorders. Some research suggests that MMN impairments can improve predic-
tion of high-risk individuals developing mental illness, yet the core pathological
mechanisms reflected by MMN deficits remain uncertain (Gregory A Light &
Näätänen, 2013). Clinical application of MMN requires deeper investigation
into its neurobiological mechanisms, which cannot be achieved through human
studies alone. Consequently, researchers have increasingly turned to animal
studies of MMN, with evidence of MMN-like responses found in primates (Fish-
man & Steinschneider, 2012; Holliday, Gurnsey, Sweet, & Teichert, 2018), birds
(Schall, Müller, Kärgel, & Güntürkün, 2015), and rodents (Lauren Harms et al.,
2014). Animal models offer advantages including rapid breeding, mature phar-
macological manipulations, and the ability to perform invasive neurobiological
procedures, providing valuable tools for exploring MMN neurobiology.

Based on these considerations, this review aims to synthesize animal MMN
model research. We first summarize the current state and limitations of human
studies, then introduce findings from animal research and their implications for
human studies, followed by a discussion of unresolved issues in animal research
and potential solutions, and conclude with future research directions.

2. Human Studies on Mental Disorders and Pre-attentive
Processing Deficits
Human MMN research has primarily focused on mental disorders, with pre-
attentive processing deficits documented across numerous psychiatric conditions.
Current clinical diagnosis of mental disorders is complex and lacks objective
biomarkers. Because MMN can be measured without requiring participant at-
tention, it has been widely employed in mental disorder research. Many studies
have reported MMN impairments across various mental disorders (Gregory A
Light & Näätänen, 2012; Rissling et al., 2012, 2013), particularly in schizophre-
nia, where MMN amplitude is significantly reduced compared to healthy con-
trols (effect size d=1.0, test-retest reliability=0.75) (G A Light & Swerdlow,
2015; Gregory A. Light et al., 2012). Bodatsch et al. found that MMN pre-
dicted conversion to schizophrenia in high-risk individuals with 71% specificity
and 80% sensitivity (Mitja Bodatsch et al., 2011). However, several challenges
remain for clinical MMN application.

First, it remains unclear whether MMN impairment is disease-specific and
whether it can serve as a diagnostic marker to differentiate between mental dis-
orders. Numerous studies have found cognitive impairments, including reduced
pre-attentive processing and diminished MMN amplitude, in schizophrenia
patients (Bodatsch, Brockhaus-Dumke, Klosterkötter, & Ruhrmann, 2015;
Umbricht & Krljesb, 2005). One study comparing MMN among Alzheimer’s
patients, bipolar disorder patients, schizophrenia patients, and healthy controls
found significant MMN amplitude reduction only in schizophrenia, with no
differences between bipolar or Alzheimer’s patients and controls (Baldeweg
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& Hirsch, 2015). However, meta-analyses have indicated significant MMN
reduction in bipolar disorder as well, albeit with weaker effect sizes than in
schizophrenia (Chitty, Lagopoulos, Lee, Hickie, & Hermens, 2013). Research in
pain has also shown MMN reduction during acute pain states (Fan et al., 2018).
These disorders share similarities such as attentional disturbances, suggesting
that MMN impairment may reflect common pathological mechanisms rather
than disease-specific processes.

Second, mental disorders exhibit progressive courses, but the relationship be-
tween MMN impairment and disease severity is inconsistent across conditions.
Early schizophrenia studies found that MMN deficits correlated with gray mat-
ter volume reduction in first-episode hospitalized patients (Salisbury, Kuroki,
Kasai, Shenton, & McCarley, 2007), yet MMN deficits did not worsen with dis-
ease progression one to two years after onset (Erickson, Ruffle, & Gold, 2016). A
meta-analysis of autism spectrum disorder revealed significantly reduced MMN
amplitude to non-speech stimuli in autistic children compared to typically de-
veloping children (Schwartz et al., 2018), suggesting diminished detection of
environmental anomalies, though no relationship was found between disease
severity and MMN impairment (Vlaskamp et al., 2017). Menning et al. found
that PTSD patients exhibited significantly reduced MMN amplitude compared
to individuals without PTSD, and that this reduction correlated with total
symptom scores, possibly reflecting pre-attentive processing impairment due to
hyperarousal and insomnia (Menning et al., 2008). Overall, the relationship be-
tween MMN deficits and disease progression varies across disorders and warrants
further investigation.

Third, research on schizophrenia suggests that MMN impairment may not reflect
genetic susceptibility per se, but rather specifically predicts which clinically
high-risk individuals will convert to psychosis. Erickson et al. conducted a meta-
analysis of clinical risk and disease specificity in schizophrenia, finding stronger
associations between MMN impairment and future psychosis onset in high-risk
individuals (Erickson et al., 2016). Only about one-third of clinically high-
risk individuals develop schizophrenia within 2.5 years of follow-up (Cannon
et al., 2008; Fusar-Poli et al., 2012), and MMN impairment more specifically
predicts which high-risk individuals will later develop the disorder (Perez et al.,
2014), indicating greater predictive power than clinical risk classification based
on symptoms and genetic background. Some researchers propose that this may
relate to glutamatergic system abnormalities in mental disorders (Gunduz-Bruce
et al., 2012), though the precise mechanisms through which MMN impairment
predicts conversion from genetic susceptibility to actual disease remain unclear.

Addressing these questions requires deeper understanding of the neurobiologi-
cal mechanisms underlying MMN impairment. Glutamate is the most abundant
excitatory neurotransmitter in the brain, and its homeostasis is critical for nor-
mal brain function. Rapid and efficient regulation of glutamate in the synaptic
cleft enables accurate information processing (Verkhratsky & Kirchhoff, 2007).
MMN is considered an indicator of glutamatergic function, as this brainwave
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response to deviant stimuli reflects N-methyl-D-aspartate (NMDA) receptor ex-
pression (Javitt, Steinschneider, Schroeder, & Arezzo, 1996). Human studies
have shown that NMDA receptor antagonists significantly reduce MMN am-
plitude (Heekeren et al., 2008; Umbricht, Vyssotki, Latanov, Nitsch, & Lipp,
2004), while drugs targeting serotonin, dopamine, caffeine, and opioid receptors
do not affect MMN (Umbricht & Krljesb, 2005). These findings suggest that
MMN reflects NMDA receptor dysfunction. Accumulating evidence indicates
that alterations in the glutamate system may play important roles in the patho-
physiology of mental disorders, with glutamatergic abnormalities documented
across many psychiatric conditions (Gunduz-Bruce et al., 2012). Therefore,
glutamatergic system impairment may underlie MMN abnormalities in mental
disorders.

In summary, MMN impairment is well-documented in schizophrenia and ap-
pears to result from glutamatergic system dysfunction. However, clinical appli-
cation of MMN faces several challenges, including uncertainty about whether
MMN impairment is specific to mental disorders, whether it reflects similar un-
derlying pathological mechanisms across diseases, how it relates to disease pro-
gression, and whether it can predict genetic risk. Furthermore, human studies
have limitations, focusing primarily on macro-level brain changes (such as gluta-
matergic system abnormalities) while lacking understanding of cellular-level neu-
rophysiological mechanisms. Additionally, many mental disorders are chronic,
and most patients have undergone pharmacological treatment by the time MMN
impairment is observed clinically. Therefore, constructing appropriate disease
models in animals combined with pharmacological studies is necessary to explore
potential treatments for MMN impairment.

3. Animal Models of Pre-attentive Processing Deficits
To leverage animal research for understanding MMN neurobiology, a crucial
prerequisite is that animal models demonstrate good translational validity, al-
lowing generalization of findings to humans (Todd et al., 2013). Researchers
have conducted extensive work to verify cross-species homology of MMN.

Based on this homology, animal studies can address limitations of human re-
search and clinical MMN applications through neuronal recordings, disease
model construction, and pharmacological manipulations to further clarify MMN
generation mechanisms. Gil-Da-Costa et al. (Gil-Da-Costa, Stoner, Fung, &
Albright, 2013) conducted comparative MMN studies in rhesus monkeys and
humans using non-invasive EEG with custom 22-channel Ag/AgCl electrode ar-
rays similar to those used in human research (with 1 cm inter-electrode spacing).
Using identical electrodes and recording systems facilitated direct comparison
of MMN between species. During experiments, monkeys’heads and bodies
were restrained to measure auditory MMN, and source localization identified
frontal and temporal generators. Injecting monkeys with saline or the NMDA
receptor antagonist ketamine simulated healthy and schizophrenia-like states,
respectively. Ketamine administration produced significant MMN impairment,
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mirroring findings in both schizophrenia patients and ketamine-treated humans.
Additionally, invasive epidural ERP recordings in birds (Schall et al., 2015) and
rodents (Richard S. Ehrlichman, Maxwell, Majumdar, & Siegel, 2008; Tikhon-
ravov et al., 2008) showed that administration of ketamine or MK-801 induced
schizophrenia-like cognitive deficits, including slower task performance, reduced
accuracy, and diminished MMN. These results demonstrate cross-species homol-
ogy in both neurochemical mechanisms and neural generators of MMN.

These findings of cross-species consistency in MMN generators and molecular
mechanisms confirm that animal MMN models possess good translational valid-
ity (Lauren Harms, Michie, & Näätänen, 2016), enabling application of animal
research conclusions to humans. To address clinical application challenges, ani-
mal studies can combine disease model construction with genetic techniques to
provide insights.

Human studies have identified brain dysfunction reflected by MMN impairment
as a potential core pathological mechanism underlying cognitive deficits in vari-
ous mental disorders. Animal research can help reveal the cognitive neuroscience
mechanisms of MMN impairment, thereby enhancing understanding of disease
pathophysiology and providing theoretical foundations for biomarker develop-
ment. In a rat model constructed with amyloid-𝛽 protein, researchers found re-
duced auditory MMN amplitude and decreased theta power, which is associated
with deviant stimulus processing (Kaser et al., 2013). Gok and colleagues pro-
posed that this may result from glutamatergic system impairment (Kantar-Gok
et al., 2017; Kantar Gok et al., 2018). In schizophrenia animal models, adminis-
tration of NMDA receptor antagonists to rats (I.-W. Chen, Helmchen, & Lutcke,
2015; Digavalli V. Sivarao et al., 2013; D V Sivarao et al., 2014; Tikhonravov
et al., 2010; Dmitry Tikhonravov et al., 2008) and knockout mice (Richard S
Ehrlichman et al., 2009; Featherstone et al., 2015) induced schizophrenia-like
behaviors and MMN impairment. Other schizophrenia models, such as social
isolation (SI) and perinatal exposure to epidermal growth factor (EGF), also
caused glutamatergic abnormalities and MMN deficits. For instance, Louise et
al. established a schizophrenia rat model through social isolation and found ab-
normal sensory gating and MMN impairment similar to human schizophrenia
patients (Witten et al., 2014). Shao et al. demonstrated that chronic social
isolation reduces glutamate levels (Shao et al., 2015), which may contribute to
MMN abnormalities in SI rats. Similarly, perinatal EGF exposure also pro-
duces MMN impairment. Previous research showed that perinatal EGF expo-
sure causes various cognitive and behavioral abnormalities in adulthood, making
it a common schizophrenia model (Nawa, Sotoyama, Iwakura, Takei, & Namba,
2014). Jodo et al. found that continuous EGF injection from neonatal period to
adulthood produced significant MMN deficits (Jodo et al., 2019), which Maga-
zzini et al. suggested may relate to GABAergic neuron dysfunction (Magazzini
et al., 2016).

These animal studies confirm that MMN impairment in mental disorders is
associated with glutamatergic system abnormalities, potentially involving dif-

chinarxiv.org/items/chinaxiv-202008.00036 Machine Translation

https://chinarxiv.org/items/chinaxiv-202008.00036


ferential activation and inhibition of NMDA receptor subtypes. For example,
MMN amplitude reduction depends on both the type and dose of NMDA recep-
tor antagonists. Higher doses of MK-801 produce greater attenuation of deviant
stimulus ERPs, resulting in smaller MMN. Other NMDA receptor antagonists
have more complex effects: ketamine reduces MMN primarily by decreasing
standard stimulus ERPs (Richard S. Ehrlichman et al., 2008; D V Sivarao et
al., 2014), while other antagonists attenuate deviant stimulus ERPs, also leading
to reduced MMN amplitude. These results indicate complex attenuation mecha-
nisms, with NMDA receptor activation or inhibition affecting MMN. Schizophre-
nia animal model research further reveals that non-selective NMDA receptor an-
tagonists like ketamine interfere with memory formation, reducing the ability to
form auditory memory templates for standard stimuli, whereas highly selective,
high-dose NMDA receptor antagonists like MK-801 cause more severe cognitive
deficits, impairing novel stimulus recognition (L. Harms et al., 2018). This may
stem from the complex molecular structure and multiple ligand-binding sites of
NMDA receptors, which enable them to modulate synaptic transmission, regu-
late synaptic plasticity, and participate in learning and memory. This suggests
that clinical studies should specify particular NMDA receptor subtypes rather
than generally referring to NMDA receptor inhibition. For instance, Feather-
stone et al. found that mice with heterozygous alteration of the NMDA receptor
NR1 subunit gene (NR1) exhibited schizophrenia-like symptoms and MMN im-
pairment, along with reduced responses to anomalous auditory stimuli, similar
to effects of high-dose MK-801 (Featherstone et al., 2015; L. Harms et al., 2018).
This indicates that future research should explore the effects of different NMDA
receptor subunits on MMN to inform clinical applications.

Human studies have also found that the relationship between MMN impairment
and disease progression differs across disorders. Animal research can address this
by combining invasive techniques with models of different diseases and severity
levels to explore disease-specific relationships between MMN deficits and clinical
course. For example, studies have found MMN impairment in chronic pain
patients (Choi, Lim, Kim, Kim, & Chung, 2015). Pain can be categorized as
acute or chronic, with chronic pain developing from acute pain. Animal models
can be used to measure pain intensity and MMN changes at different time
points during chronic pain development, revealing how MMN evolves during
the transition from acute to chronic pain. Additionally, research has shown
that low doses of MK-801 can enhance MMN, while higher doses cause MMN
impairment (L. Harms et al., 2018), providing insights into the dose-dependent
relationship between NMDA receptor modulation and MMN.

The finding that MMN impairment in schizophrenia patients may not reflect
genetic susceptibility but rather predicts conversion in high-risk individuals can
be further investigated using animal models with genetic manipulations. Mice
offer mature genetic techniques (transgenic technology) and short reproductive
cycles (2-3 months), enabling construction of schizophrenia mouse lineages to
explore mechanisms by which MMN impairment predicts disease development
within families. For example, researchers have constructed schizophrenia mouse
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models by altering the NMDA receptor NR1 gene and observed MMN impair-
ment (Featherstone et al., 2015). Future studies could breed these mice and
compare MMN performance between offspring with and without schizophrenia-
like symptoms to explore the relationship between genetic susceptibility and
MMN impairment.

To address limitations of human studies, animal research can combine neu-
ronal recording techniques to explore micro-level MMN and utilize pharmaco-
logical manipulations to provide therapeutic insights. Stimulus-specific adap-
tation (SSA) may constitute the neural basis of MMN. Researchers have used
multi-channel and local field potential recordings to reveal MMN generation
mechanisms. When presenting oddball tasks to animals, studies have found
reduced selective responses in primary auditory cortex (A1) neurons of rodents
(Fishman & Steinschneider, 2012), similar to human MMN and thus considered
cellular-level MMN (Grimm, Escera, & Nelken, 2016). Although SSA includes
“adaptation”in its name, whether it reflects simple neuronal adaptation remains
uncertain. Studies have also shown that SSA-sensitive neuronal populations
exhibit MMN-like sensitivity to deviant stimulus probability (Ulanovsky, Las,
Farkas, & Nelken, 2004; Ulanovsky, Las, & Nelken, 2003), suggesting SSA may
also be involved in deviance detection. Recent findings demonstrate SSA not
only in the inferior colliculus and auditory cortex but also in the cochlear nu-
cleus (Duque, Pais, & Malmierca, 2018), indicating that SSA occurs at the
initial stage of auditory information processing. Carbajal et al. noted similar
timing and location of cortical SSA and MMN, proposing that SSA and MMN
represent micro and macro manifestations of deviance detection (Carbajal &
Malmierca, 2018). Collectively, these findings suggest that SSA represents the
micro-level expression of MMN.

Animal studies can also combine pharmacological manipulations to provide
therapeutic insights for MMN impairment. Javitt and colleagues conducted
a series of studies in macaque monkeys, identifying an earlier-latency MMN
in primates. Using NMDA receptor antagonists and GABA receptor antag-
onists, they demonstrated that MMN generation depends on NMDA receptor
activity, with progressive NMDA receptor inhibition gradually weakening MMN
responses. In contrast, GABA receptor antagonists increased MMN amplitude.
Furthermore, the NMDA receptor agonist glycine alleviated MMN response de-
cline. Trace amines play important roles in neuromodulation of synaptic trans-
mission, and research on trace amine-associated receptor 5 (TAAR5) in rats
found that high doses significantly increased MMN (Aleksandrov et al., 2019).
In amyloid-𝛽 injected rat models, reduced auditory MMN amplitude and theta
power were observed, possibly reflecting decreased cortical connectivity and im-
paired pre-attentive processing. Treatment with rosmarinic acid (RA), which
has antioxidant properties, significantly increased MMN (Kantar-Gok et al.,
2017; Kantar-Gok et al., 2018). These findings suggest that NMDA receptor ag-
onists, TAAR5 agonists, and antioxidant agents like RA may offer therapeutic
potential for MMN impairment.
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In summary, animal MMN models demonstrate good translational validity, with
cross-species homology confirmed at both neurochemical and generator levels.
Addressing clinical application challenges and research limitations, animal stud-
ies employing neuronal recordings, disease models, and pharmacological manip-
ulations have identified micro-level MMN, clarified that MMN impairment is
not specific to mental disorders, and provided insights for clinical applications
while identifying potential therapeutic agents.

4. Unresolved Issues and Feasible Solutions
Both human and animal MMN studies use similar paradigms to reflect pre-
attentive processing levels. While human MMN research is well-established,
animal studies face several challenges. Current MMN research predominantly
focuses on mental disorders, particularly in animal studies, with limited ap-
plication to other conditions. Existing animal studies also lack standardized
experimental parameters. Animal MMN latencies are generally shorter than
human MMN, which must be considered in experimental design. Additionally,
controlling for animal movement and attention is difficult, and previous animal
MMN research has been limited to the auditory modality, lacking investiga-
tion of visual, olfactory, and somatosensory modalities. This section proposes
solutions to these issues.

Animal MMN research has concentrated on mechanism exploration with lim-
ited application to other domains. Disease-related animal studies have been
largely restricted to mental disorders, with minimal investigation of other condi-
tions. This may stem from the interdisciplinary nature of rodent MMN research,
bridging neuroscience and psychology. MMN is an electrophysiological measure
commonly used in psychology, yet traditional psychology rarely employs animal
models to investigate neurophysiological mechanisms underlying psychological
phenomena. Conversely, neuroscientists studying animals often focus on neu-
ronal firing patterns in specific nuclei rather than EEG measures. Animal MMN
studies can be categorized based on recording methods into epidural ERP record-
ings and multi-channel in vivo recordings (spikes and LFPs) (Daly & Wolpaw,
2008). Most previous animal studies used multi-channel in vivo recordings to
examine extracellular spiking activity and local field potentials from neuronal
populations to investigate firing patterns. Early multi-channel studies focused
on SSA in A1 neurons, suggesting that SSA in auditory cortex may contribute
to MMN generation (Carbajal & Malmierca, 2018; Duque et al., 2018). Hu-
man studies have found that alcohol consumption reduces MMN specifically
over frontal but not temporal regions (Iiro P. Jääskeläinen, Pekkonen, Hirvo-
nen, Sillanaukee, & Näätänen, 1996), indicating that while both regions con-
tribute to MMN generation, alcohol selectively suppresses frontal MMN. Fur-
thermore, some prefrontal lesion patients show reduced temporal auditory MMN
amplitude (Alain, Woods, & Knight, 1998). However, animal MMN studies
have rarely examined frontal regions, with rodent studies typically using multi-
channel techniques to investigate temporal auditory cortex neuronal firing (Ru-
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usuvirta, Lipponen, Pellinen, Penttonen, & Astikainen, 2015). Future research
should increase investigation of frontal MMN mechanisms and combine multi-
ple techniques to explore how aging, substance addiction, and environmental
temperature changes affect MMN.

Animal studies lack standardized parameters, requiring appropriate paradigm se-
lection and parameter exploration before experiments. First, species differences
in sound sensitivity must be considered. Humans detect frequencies between
20-20,000 Hz, with experimental stimuli typically around 1000 Hz, whereas ro-
dents are more sensitive to high frequencies. Therefore, parameters cannot be
directly transferred across species. For example, Lee et al. failed to find MMN
in rodents using low-frequency sounds common in human research (Lee et al.,
2018), while other studies showed that ultrasound from lasers elicits brain re-
sponses in rodents (Peng et al., 2018). Thus, parameter selection requires careful
consideration. The multi-feature paradigm (Risto Näätänen, Pakarinen, Rinne,
& Takegata, 2004) offers a promising approach for rodent pre-attentive pro-
cessing model construction and parameter exploration. This paradigm includes
six stimulus types: one standard stimulus (75% probability) and five deviant
stimuli (5% each for frequency, intensity, location, duration, and gap). Its ad-
vantages include simultaneous acquisition of five different MMN responses in
the time previously required for one, reducing experimental time and increasing
detection sensitivity. Animal studies can use this paradigm to explore optimal
parameters. Additionally, previous animal studies have rarely employed bal-
anced designs, compromising result reliability. Future research should select
appropriate stimuli for each species and use proper balanced experimental de-
signs. Prior studies have also focused primarily on temporal features without
investigating spectral characteristics, which should be integrated in future work.

Animal MMN latencies are generally shorter than human MMN. Human MMN
occurs within 100-250 ms, whereas rodent MMN typically appears around 100
ms, rhesus monkey MMN at 48-120 ms (Gil-Da-Costa et al., 2013), and cat
MMN at 30-70 ms (Csépe, Karmos, & Molnár, 1987). These shorter latencies
may result from recording electrodes being closer to neural generators or from
smaller brain size enabling faster processing.

Controlling animal movement and attention is critical in MMN studies. At-
tention is difficult to manipulate in animals. The primary electrophysiological
measures of attention are P300 and MMN. P300 requires conscious participa-
tion and active task performance, whereas MMN is recorded while participants
perform distraction tasks, making it more suitable for animal research. In stud-
ies with awake animals, researchers typically allow 10-30 minutes of adaptation
to reduce movement artifacts. In higher-order animals like dogs, which possess
strong social cognition, training can control attention to examine its effects on
MMN. Howell et al. demonstrated auditory MMN in dogs, with amplitude neg-
atively correlating with deviant stimulus probability—MMN disappeared when
deviant probability increased from 10% to 50%, consistent with human research
(Howell, Conduit, Toukhsati, & Bennett, 2012). This provides new avenues
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for understanding brain function, particularly in complex discrimination tasks
where long-term training can control attentional factors.

Animal MMN research has been limited to the auditory modality, lacking ex-
ploration of other sensory modalities. Human studies have demonstrated visual
MMN elicited by changes in shape, color, and facial expressions (Choudhury,
Parascando, & Benasich, 2015). Primates possess highly developed visual sys-
tems, offering opportunities to explore visual MMN mechanisms using similar
paradigms. Furthermore, cross-modal integration paradigms can be employed,
where visual and auditory signals presented with temporal and spatial prox-
imity elicit audiovisual integration MMN (Matusz, Retsa, & Murray, 2016).
Future animal studies should incorporate mature paradigms from human MMN
research across different modalities to explore neurochemical mechanisms of
MMN in other sensory systems, which may also illuminate mechanisms under-
lying sensory compensation in patients with sensory deficits.

In conclusion, both animal and human MMN studies reflect predictive process-
ing of anomalous stimuli. Based on previous research, we have identified issues
in animal MMN studies including limited application scope, lack of standardized
parameters, attention control difficulties, and modality restrictions, and have
proposed corresponding solutions.

5. Summary and Outlook
Significant progress has been made in MMN research, particularly regarding
human auditory MMN and its applications. However, animal MMN studies
have focused predominantly on human disease models, with relatively less inves-
tigation of MMN neural foundations, individual development, and phylogeny.
Animal models are highly suitable for studying disease mechanisms due to ma-
ture pharmacological and invasive techniques. MMN reflects pre-attentive pro-
cessing levels and is widely studied in humans, yet animal research has notable
limitations.

First, animal MMN research has concentrated on mental disorder models, with
relatively few studies on neural foundations, ontogenetic development, and phy-
logeny. Future research can address this through three approaches. First, inte-
grate animal models with computational neuroscience to explore MMN neural
mechanisms. For example, Wacongne et al. used computational modeling to
demonstrate that human MMN arises from cortical neurons’active stimulus pre-
diction, supporting the deviance detection hypothesis, and validated this with
MEG in healthy participants (Wacongne et al., 2012). However, how MMN
emerges in complex circuits remains unclear. Future computational modeling
of animal auditory cortical networks could help understand MMN generation
in complex circuits. Second, conduct long-term recordings in animal models
to explore MMN changes across developmental stages. Human studies show
significant MMN impairment in older adults (Cheng, Hsu, & Lin, 2013), sug-
gesting age-related effects. Long-term MMN recordings in animal models could
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elucidate relationships between age and MMN impairment, providing insights
into developmental mechanisms of MMN generation and decline. Third, use
phylogenetic analysis to explore differential expression of MMN-related genes
across brain regions. Human and animal studies have linked MMN to gluta-
matergic system abnormalities (Todd et al., 2013; Catherine Wacongne, 2016).
Research has identified high-affinity excitatory amino acid transporters (EAATs)
that regulate extracellular glutamate levels. Rico et al. performed phylogenetic
analysis of glutamate transporter genes in zebrafish (Rico et al., 2010), iden-
tifying several EAAT-related genes with differential expression across brain re-
gions. Future research could conduct phylogenetic analyses of glutamine-related
receptor genes across species combined with experimental studies to examine
relationships between glutamatergic signaling and MMN, revealing expression
differences of MMN-related genes across brain regions in different species.

Second, previous research has focused on auditory MMN, lacking investigation
of visual, auditory, olfactory, and other modalities and their interactions. Fu-
ture animal studies should explore visual MMN and audiovisual integration
MMN to understand mechanisms across modalities and develop treatments for
patients with sensory deficits. Human studies have identified MMN across differ-
ent modalities (Akatsuka et al., 2007; Kovarski et al., 2017). Future animal re-
search could construct MMN models for visual, olfactory, and other modalities,
and employ mature human audiovisual integration paradigms (Friedel, Bach,
& Heinrich, 2020). For example, researchers have used audiovisual integration
paradigms to compare letter (visual) and speech sound (auditory) processing dif-
ferences in children with varying degrees of dyslexia (Žarić et al., 2015), finding
that reading ability differences relate to the strength of audiovisual neural inte-
gration. This suggests that future animal studies should conduct cross-modal
MMN research to explore mechanisms underlying sensory deficits and inform
treatment development.

Finally, cross-species studies examining relationships between MMN character-
istics, generators, and cognitive functions are lacking. Future research could
record MMN and SSA simultaneously in primates and rodents using identi-
cal paradigms to explore micro-level relationships between MMN and cognitive
function. Gil-Da-Costa et al. (Gil-Da-Costa et al., 2013) conducted the first
cross-species study in rhesus monkeys and humans, confirming cross-species con-
sistency in neurochemical mechanisms and generators. However, this study was
limited to cortical-level analysis and lacked micro-level mechanistic understand-
ing. Since rodent SSA shows substantial similarity to human MMN (Fishman
& Steinschneider, 2012), future studies could examine relationships between
MMN and cognitive-behavioral function at the micro-level by recording MMN
and SSA in primates and rodents using identical paradigms.

In summary, this review discussed relationships between animal pre-attentive
processing and MMN, mechanisms of MMN impairment in mental disorders,
and applications of animal models. We also addressed issues of insufficient and
non-standardized animal MMN research and proposed solutions. This provides a
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new approach for deeper investigation of neural mechanisms underlying diseases,
development of effective neural markers, and creation of treatments for MMN
impairment.
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Establishment and evaluation of animal pre-attentive processing mod-
els: Based on the MMN injury in mental disorders

WANG Sheng; CHEN Yahong; WANG Jinyan

(CAS Key Laboratory of Mental Health, Institute of Psychology, Chinese
Academy of Sciences, Beijing 100101, China)
(Department of Psychology, University of Chinese Academy of Sciences, Beijing
100049, China)

Abstract: Pre-attentive processing refers to the early, automatic cognitive pro-
cesses that occur without conscious attention. Auditory mismatch negativity
(MMN) is the most commonly used indicator for studying pre-attentive process-
ing. MMN deficits have been observed across numerous mental disorders, yet
the neurobiological mechanisms underlying these impairments remain poorly
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understood. Animal models, with their sophisticated neurobiological and phar-
macological manipulations, offer valuable tools for elucidating the mechanisms
of MMN. Future animal research should consider species-specific characteris-
tics and leverage the complementary strengths of human and animal studies
to conduct cross-species investigations, thereby advancing our understanding of
pre-attentive processing at both micro and macro levels.

Keyword: Rodents; Pre-attentive Processing; Mismatch Negativity;
Schizophrenia

Note: Figure translations are in progress. See original paper for figures.
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