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Stimulus-Specific Adaptation

A subset of neurons in temporal and prefrontal areas show 
response suppression or enhancement with stimulus repetition.

Terms used in literature
Adaptive filtering (Desimone, 1992)

Repetition suppression (Li et al., 1993)

Repetition-sensitive adaptation (Brown & Xiang, 1998)

Stimulus-specific adaptation (Ringo, 1996)

Response suppression (Desimone, 1996)

Decremental responses (Brown et al., 1987; Riches et al., 1991)

References
Asaad, W., Rainer, G., & Miller, E. (1998). Neural activity in the primate prefrontal cortex 
during associative learning. Neuron, 21, 1399–1407.

Baylis, G., & Rolls, E. (1987). Responses of sparsely encoded associative memory. 
Experimental Brain Research, 65, 614–622.

Bogacz, R., & Brown , M. W. (2003). Comparison of computational models of familiarity 
discrimination in the perirhinal cortex. Hippocampus, 13, 494–524.

Brown, M., Wilson, F., & Riches, I. (1987). Neuronal evidence that medial inferotemporal 
cortex is more important than hippocampus in certain processing underlying recognition 
memory. Brain Research, 409, 158–162.

Brown, M. & Xiang, J. (1998). Recognition memory: neuronal substrate of the judgement of 
prior occurrence. Prog. Neurobiol., 55, 149–189.

Desimone, R., (1992). The physiology of memory: recordings of things past. Science, 258, 
245–246.

Desimone, R. (1996). Neural mechanisms for visual memory and their role in attention. 
Proc. Natl. Acad. Sci. USA, 93, 13494–13499.

Erickson, C. A., & Desimone, R. (1999). Responses of macaque perirhinal neurons during 
and after visual stimulus association learning. J. Neuroscience, 19, 10404–10416.

Fahy, F., Riches, L., & Brown M. (1993). Neuronal activity related to visual recognition 
memory: long-term memory and the encoding of recency and familiarity information in the 
primate anterior and medial inferior temporal and rhinal cortex. Experimental Brain 
Research, 96, 457–472.

Grill-Spector, K., & Malach, R. (2001). fMR-adaptation: a tool for studying the functional 
properties of human cortical neurons. Acta Psychologica, 107, 293–321.

Gotts, S. (2003). Mechanisms underlying enhanced processing efficiency in neural 
systems. Unpublished Doctoral Dissertation, Pittsburgh, PA: Carnegie Mellon University.

Hölscher, C., Rolls, E. T., & Xiang, J. (2003). Perirhinal cortex neuronal activity related to 
long-term familiarity memory in the macaque. European Journal of Neuroscience, 18, 
2037–2046.

Kobatake, E., Wang, G., & Tanaka, K. (1998). Effects of shape-discrimination trianing on the 
selectivity of inferotemporal cells in adult monkeys. J. Neurophysiology, 80, 324–330.

Li, L., Miller, E.K., & Desimone R. (1993). The representation of stimulus familiarity in 
anterior inferior temporal cortex. J. Neurophysiology, 69, 1918–1929.

Miller, E.K., & Desimone R. (1994). Parallel neuronal mechanisms for short-term memory. 
Science, 263, 520–522.

Miller, E. K., Erickson, C. A., & Desimone, R. (1996). Neural mechanisms of visual working 
memory in prefrontal cortex of the macaque. J. Neuroscience, 16, 5154–5167.

Miller, E.K., Gochin, P.M., & Gross, C.G. (1991). Habituation-like decrease in the responses 
of neurons in inferior temporal cortex of the macaque. Visual Neuroscience, 4, 357–362.

Mozer, M. C., Mytkowicz, T., & Zemel, R. S. (2004). Achieving noise robustness via 
repetition suppression. Unpublished manuscript.

Norman, K. A., & O’Reilly, R. C. (2001). Modeling hippocampal and neocortical 
contributions to recognition memory: A complementary-learning-systems approach. 
Psychological Review, 110, 611–646.

Poldrack, R.A., & Gabrieli, J. D. E. (2001). Characterizing the neural mechanisms of skill 
learning and repetition priming. Brain, 124, 67–82.

Rainer, G., & Miller, E. (2000). Effects of visual experience on the representation of objects 
in the prefrontal cortex. Neuron, 27, 179–189.

Rainer, G., Rauo, S., & Miller, E. (1999). Prospective coding for objects in primate prefrontal 
cortex. J. Neuroscience, 19, 5493–5505.

Riches, L., Wilson, F., & Brown, M. (1991). The effects of visual stimulation and memory on 
neurons of the hippocampal formation and the neighboring parahippocampal gyrus and 
inferior temporal cortex of the primate. J. Neuroscience, 11, 1763–1779.

Ringo, J. L. (1996). Stimulus specific adaptation in inferior temporal and medial temporal 
cortex of the monkey. Behav. Brain Res., 76, 191–197.

Sobotka, S., & Ringo, J. (1994). Stimulus specific adaptation in excited but not in inhibited 
cells in inferotemporal cortex of macaque. Exp. Brain Research, 646, 95–99. 

Sohal V.S., Hasselmo M.E.. (2000). A model for experience-dependent changes in the 
responses of infero-temporal neurons. Network: Comput. Neural Sys., 11, 169–190.

Wiggs, C.L., & Martin, A. (1998). Properties and mechanisms of perceptual priming. Current 
Opinion in Neurobiology, 8, 227–233.

Summary

Inferotemporal and prefrontal neurons show response suppression or enhancement with stimulus repetition.

This stimulus-specific adaptation (SSA) is used in neuroimaging research to discover the nature of cortical 
representations, and is thought to be the basis of priming and possibly skill learning.

The goal of our work is to sort through the complex literature from monkey neurophysiology in order to 
develop a theoretical perspective on stimulus-specific adaptation.

Many factors influence SSA, including brain area, memory span of neuron, the measure of neural activity, and stimulus task relevance.

SSA is not well understood.
How long does suppression last? When is enhancement observed? Can SSA be reconciled with expertise-linked brain activity?

Only a few computational models exist, and they are incomplete or wrong.

We offer a computational framework as an initial step in understanding the role of SSA in learning.

Relevance of SSA to Cognitive Neuroscience

Key tool for discovering the nature of cortical representations in 
neuroimaging research (e.g., Grill-Spector & Malach, 2001)

If cortical representations are invariant to some dimension of a stimulus, SSA should 
be observed in that region even when repetitions differ along that dimension.

Thought to mediate psychological phenomenon of priming (e.g., 
Poldrack & Gabrieli, 2001; Wiggs & Martin, 1998)

Robustness and ubiquity of SSA suggests it may be a fundamental 
mechanism of learning in neocortex.

Studying SSA via Delayed Match-to-Sample Task
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Relevant Dimensions of SSA

Spacing of repetitions

Brain regions

Task relevance of stimulus
• passive viewing

• reward contingency

Selection criterion for cells
• all included

• visually responsive only

• only those showing some suppression to a small set of test items

Nature of adaptation
• decreased firing rate of neuron

• increased firing rate of neuron

• increased discriminability of response
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Characteristics of Repetition Suppression

Item specific, not general habituation

Does not depend on behavioral significance of stimulus

Most active neurons show greatest suppression

At least three distinct memory spans have been observed

(A) short term: duration 1 intervening trial

(B) medium term (“recency”): immediate 
suppression, lasting ~ 24 hr

(C) medium term (“familiarity”): 24 hr for 
suppression, lasting > 72 hr.

Possibly a continuum of time courses rather than 3 discrete values

Further along the processing hierarchy, memory span increases.
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Characteristics of Repetition Enhancement

Occurs on long time scale

(Also, brief enhancement while item is in working memory.)

Enhancement of discriminability has been observed.

Only a few long-term studies have been conducted; all involve 
task-relevant stimuli.

TE (Kobatake et al., 1998)

perirhinal (Hölscher et al., 2003)

prefrontal (Rainer & Miller, 2000): no enhancement
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Existing Theories Are Inadequate
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An Interpretation of SSA

Repetition suppression can be 
viewed as shifting the offset of 
the response function.

This shift can lead to greater sensitivity.

Repetition enhancement can be 
viewed as increasing the gain of 
the response function.

This increase will lead to greater noise 
suppression.

How can stimulus-dependent adaptation of offset and gain occur?
Self-supervised error-correction learning

error = (target_spike_rate – actual_spike_rate)2

objective target_spike_rate
offset shift min 

gain increase max if actual_spike_rate > θ, 
min otherwise
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A Computational Hypothesis

A rate-coded neuron has roughly a sigmoidal response function

Trade off between two abilities:
sensitivity to subtle variation in input (necessary for learning)
noise robustness (necessary for performance)

Therefore, operating characteristics of neural response should 
change over the course of learning.
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Practice and Noise Robustness
(Rainer & Miller, 2000)

DMS paradigm

Familiar and novel stimuli

Recording from lateral PFC

Manipulated stimulus noise

Obtained noise-robust neural responses following training

Simulation using same experimental paradigm
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