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Mechanisms of Attention:
Psychophysics, Cognitive Psychology, and Cognitive Neuroscience
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Laboratory of Brain ProcessES (LOBES)
Dana and David Dornsife Cognitive Neuroscience Imaging Center
& Departments of Psychology & Biomedical Engineering
University of Southern California
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The importance of attention on human performance has been recognized
by sensory physiologists and psychologists for more than 100 years'. Since the
1970s**, controlled and extensive experiments have examined the effects of
selective attention to a location in space, or to an object. Under certain
circumstances, attention to a location or object can improve performance
accuracy or response time relative to unattended locations or unattended
objects”. In addition to behavioral studies, cognitive neuroscientists have
investigated the neural bases of attention using physiology® and brain imaging”

In this talk, I will review classical attention paradigms, recent advances on
the theory of attention, and new insights from psychophysics and cognitive
neuroscience. The review will focus on the mechanisms of attention, that is, how
attention improves human performance. Situations in which the perception of
objects 1s unchanged, but performance may differ due to different decision
structures®, will be distinguished from those in which attention changes the

perceptual processes. The perceptual template model will be introduced as a

_12_



theoretical framework for analyzing mechanisms of attention”: (1) improved
filtering of external noise or distractors through retuning of perceptual templates

(external noise exclusion), (2) stimulus amplification, or reduction of internal noise

sources (stimulus enhancement), (3) reduction of contrast gain control (internal

multiplicative noise reduction), or (4) a mixture of these three mechanisms. In

behavioral studies, external noise exclusion has been shown to be a major

mechanism of spatial attention, while stimulus enhancement was shown to be

10, 11

associated primarily with peripheral cuing of location®'”. Finally, I will present

evidence of stimulus enhancement and external noise exclusion from physiology

and brain imaging.

1) W. James, The Principles of Psychology, (1890).
2) G. Sperling, M. J. Melchner, Science 202, 315 (1978).
3) M. L Posner, Q/EP 32, 3 (1980).
4) A. M. Treisman, G. Gelade, Cog Psych 12, 97 (1980).
5)J. Duncan, JEP General 113, 501 (1984).
6) J. Moran, R. Desimone, Science 229, 782 (1985).
7)N. Kanwisher, E. Wojciulik, Nature Rev Neurosci 1, 91 (2000).
8)M. L. Shaw, P. Shaw, JEPHP 4, 586 (1977).
9)Z-L. Lu, B. A. Dosher, Vis Res 38, 1183 (1998).

10) Z.-L. Lu, B. A. Dosher, JEPHP 26, 1534 (2000).

11) B. A. Dosher, Z.-L. Lu, Psych Sci 11, 139 (2000).
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