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Chapter 1 Figs. 1.8 and 1.9: Adapted from “The Receptors of
Human Color Vision” by G. Wald, Science, Vol. 145, pp. 1007-
1017, September 4, 1964. Copyright 1964 by the American Asso-
ciation for the Advancement of Science. Used by permission. Figs.
1.13, 1.14, and 1.15: Adapted from S. 8. Stevens, 1962, American
Psychologist, 17, pp. 29—39. Copyright 1962 by the American Psy-
chological Association. Reprinted by permission. Box 1.2: Figure
from Experimental Psycholagy, Third Edition, edited by J. W. Kling
and Lorrin A. Riggs. Copyright 1938, 1954, 1971 by Holt, Rine-
hart and Winston, Inc. Reprinted by permission of Helt, Rinchart
and Winston. Box 1.3: Figure from “A Metric for Social Consensus”
by S. 8. Stevens, Science, Vol. 151, pp. 530541, February 4, 1966.
Copyright 1966 by the American Association for the Advancement
of Science. Used by permission.

Chapter 2 Fig. 2.4: From “Biological Transducers” by W. R.
Lowenstein, Scientific American, 203. Copyright © 1960 by Sci-
entific American, Inc. All rights reserved. Used by permission. Fig.
2.5: From Hearing: Physivlogy and Psychophysics by W. Lawrence
Gulick. Copyright © 1971 by Oxford University Press, Inc.
Reprinted by permission. Fig. 2.7: From “The Stercochemical The-
oty of Odor” by J. E. Amoore, ], W. Johnston, Jt., and M. Rubin,
Scientific American, 210. Copyright © 1964 by Scientific American,
Inc. All rights reserved. Used by permission. Fig. 2.16: Adapted
from]. E. Dowling and B. B. Boycott, 1966, Proceedings of the Royal
Socicty of London, 166, Series B, pp. 80-111. Used by permission.
Fig. 2.18: Adapted from Mach Bands: Quantitative Studies of Newral

Networks in the Retina by F. Ratliff. Holden-Day, 1965. Used by
permission. Fig. 2.22: Adapted from Human Information Processing,
Second Edition by P. H. Norman and D. A. Lindsay, Academic
Press, 1977. Used by permission. Fig. 2.24: Adapted from H. K.
Hartline, 1938, American Journal of Physiology, 121, pp. 400-415.
Used by permission of the author. Fig. 2.25: Adapted from S. W.
Kuffler, 1953, Journal of Neurophysiology, 16, pp. 37— 68. Used by
permisston. Fig. 2.26: Adapted from “Integrative Action in the
Cat’s Lateral Geniculate Body™ by D. H. Hubel and T. N. Wiesel,
1961, Journal of Physiolagy, 155, pp. 385—398. Used by permission
of Cambridge University Press. Fig. 2.28: Adapted from “Recep-
tive Fields of Single Neurons in the Cat’s Striate Cortex™ by D. H.
Hubel and T. N. Wiesel, 1959, Journal of Physiology, 148, pp. 574 —
591. Used by permission of Cambridge University Press. Fig. 2:30:
From “Receptive Fields, Binocular Interaction and Functional
Architecture in the Cat’s Visual Cortex” by D. H. Hubel and T.
N. Wiesel, 1962, Journal of Physiology, 160, pp. 106—154. Used by
permission of Cambridge University Press. Fig. 2.31: From
“Receptive Fields of Single Neurons in the Cat’s Striate Cortex”
by D. H. Hubel and T. N. Wiesel, 1959, Journal of Physiology, 148,
pp. 574—591. Used by permission of Cambridge University Press.
Fig. 2.32; From D. H. Hubel and T. N. Wiesel, 1965, Journal of
Neurophysiology, 28, pp. 229-289. Used by permission. Fig. 2.35:
From “The Relation Between Neural and Perceptual Intensity: A
Comparative Study of Neural and Psychophysical Responses to
Taste Stumuli” By G. Borg, H. Diamant, C. Strom, and Y. Zotter-
man, 1967, Journal of Physiology, 192, pp. 13-20. Used by per-
mission of Cambridge University Press. Fig. 2.36: From “Stimulus-
Response Functions of Primary Afferents in Psychophysical Inten-
sity Estimation of Mechanical Skin in the Human Hand” by M.
Knibestol and A. B. Vallbo in Y. Zottcrman (ed.), Semsory Functions
of the Skin in Primates, pp. 201-213. Plenum Publishing, 1976.
Used by permission. Fig. 2.38: From “Sensory Neural Patterns and
Gustation” by R. R. Erikson in Y. Zotterman (ed.), Olfaction and
Taste, Vol. 1, pp. 205—213. Pergamon Press Ltd., 1963. Used by
permission. Bex 2.2: From “Physiological and Morphological Iden-
tification of Horizontal, Bipolar and Amacrine Cells in Goldfish
Retina” by A. Kancko, 1970, Journal of Physiology, 207, pp. 623 —
633. Used by permission of Cambridge University Press. Bax 2.3:
Figure from W. H. Dobelle, 1977, Journai of Visual Impairment
and Blindness, 71, pp. 290—297. Used by permission.

Chapter 3 Fig. 3.6: From “Human Rhodopsin” by G. Wald and
P. K. Brown, Science, Vol. 127, pp. 222226, January 31, 1958
and “The Receptors of Human Color Vision” by G. Wald, Science,
Vol. 145, pp. 1007-1017, September 4, 1964. Copyright 1964 by
the American Association for the Advancement of Science. Used
by permission. Fig. 3.7: From A. Chapanis, 1947, Journal of Gen-
eral Physiology, 30, pp. 423—437. Used by permission. Fig. 3.8:
From “Human Color Vision and Color Blindness” by G. Wald and
P. K. Brown, Cold Spring Harbor Symposia on Quantitative Biology,
30, pp. 345359, Cold Spring Harbor Laboratory, 1965. Used by
permission. Fig. 3.11: From “Visual Acuity” by L. A. Riggs in C.
Graham (cd.), Vision and Visual Perception. Copyright © 1965 by
John Wiley & Sons, Inc. Reprinted by permission of John Wiley
& Sons, Inc. Box 3.2: Figure from R. W. Young and D. Bok, 1969,
Journal of Cell Biology, 42, pp. 392—403. Used by permission. Bax
3.3: Figure from The Vertebrate Eye by G. Walls. Hafner Press,
1967. Used by permission.

Chapter 4 Fig. 4.1: From Living Images by G. Shih and R. Kes-
sell. Jones and Bartlett Publishers, Inc., 1982. Used by permission,
Fig. 4.2: From Fundamentals of Neurology (6th ed.) by E. Gardner.
W. B. Saunders Company, 1975. Used by permission. Fig. 4.5:
FromyD. R. Kenshalo 1n Y. Zotterman (ed.) Sensory Functions of the
Skin in Primates, p. 309. Plenum Publishing, 1976. Used by per-
mission. Fig. 4.6: From “Nervous Outflow from the Cat’s Foot



Psycholggy Edstor; Kenneth King

Production Editer: Robin Lockwood

Designer: Hal Lockwood

Copy Editor: Russell Fuller

Technical Illustrators: Cyndie Clark-Huegel, Wayne Clark, Darwen
and Vally Hennings, Doreen Masterson, Jere O’Boyle, Evanell
Towne, Walter Yeschke

© 1984 by Wadsworth, Inc. All rights reserved. No part of this

book may be reproduced, stored in a retrieval system, or tran-
scribed, in any form or by any means, electronic, mechanical, pho-
tocopying, recording, or otherwise, without the prior written per-
mission of the publisher, Wadsworth Publishing Company, Belmont,
California 94002, a division of Wadsworth, Inc.

Cover: Victor Vasarely, Vega-Nor, 1969, oil on canvas, 78% X 78%".
Albright-Knox, Buffalo, New York, Gift of Seymour H, Knox, 1969

Printed in the United States of America

7 8 9 10—88 87

ISBN 0-534-03035-1

Library of Congress Cataloging in Publication Data
Goldstein, E. Bruce, 1941-
Sensation and perception.

Bibliography: p.

Includes index.

1. Senses and sensation., 2. Perception. I. Title.
QPr431.G64 1984 152.1 83-23514
ISBN 0-534-03035-1

Credits: Photographs other than thosc credited here are the work
of the author. Complete citations of journal articles appear in the
References.
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1017, September 4, 1964. Copyright 1964 by the American Asso-
ciation for the Advancement of Science. Used by permission. Figs.
1.13, 114, and 1.15: Adapted from S. S. Stevens, 1962, American
Psychologist, 17, pp. 29—39. Copyright 1962 by the American Psy-
chological Association. Reprinted by permission. Box 1.2: Figure
from Experimental Psychology, Third Edition, edited by J. W. Kling
and Lorrin A. Riggs. Copyright 1938, 1954, 1971 by Hoit, Rine-
hart and Winston, Inc. Reprinted by permission of Holt, Rinehart
and Winston. Bex 1.3 Figure from “A Metric for Social Consensus”
by 8. 8. Stevens, Science, Vol. 151, pp. 530-541, February 4, 1966.
Copyright 1966 by the American Association for the Advancement
of Science. Used by permission.
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entific American, Inc. All rights reserved. Used by permission. Fig.
2.5: From Hearing: Physiology and Psychophysics by W. Lawrence
Gulick. Copyright © 1971 by Oxford University Press, Inc.
Reprinted by permission. Fig. 2.7: From “The Stercochemical The-
ory of Odor” by J. E. Amoore, ]. W. Johnston, Jr., and M. Rubin,
Scientific American, 210. Copyright © 1964 by Scientific American,
Inc. All rights reserved. Used by permission. Fig. 2.16: Adapted
from]. E. Dowling and B. B. Boycott, 1966, Proceedings of the Royal
Saciety of London, 166, Series B, pp. 80—111. Used by permission.
Fig. 2.18: Adapred from Mach Bands: Quantitative Studies of Newral

Networks in the Retina by F. Ratliff, Holden-Day, 1965. Used by
permission. Fig. 2.22: Adapted from Human Information Processing,
Second Edition by P. H. Norman and D. A. Lindsay. Academic
Press, 1977, Used by permission. Fig. 2.24; Adapted from H. K.
Hartline, 1938, American Journal of Physiology, 121, pp. 400—415.
Used by permission of the author. Fig. 2.25: Adapted from S. W.
Kuffler, 1953, Journal of Neurophysiology, 16, pp. 37—68. Used by
permission. Fig. 2.26: Adapted from “Integrative Action in the
Cat’s Lateral Geniculate Body” by D. H. Hubel and T. N. Wiesel,
1961, Journal of Physiology, 155, pp. 385~ 398, Used by permission
of Cambridge University Press. Fig. 2.28: Adapted from “Recep-
tive Ficlds of Single Neurons in the Cat’s Striate Cortex” by D. H.
Hubel and T. N. Wiesel, 1959, Journal of Physiology, 148, pp. 574—
591. Used by permission of Cambridge University Press. Fig. 2:30:
From “Receptive Ficlds, Binocular Interaction and Functional
Architecture in the Cat’s Visual Cortex” by D. H. Hubel and T.
N. Wiesel, 1962, Journal of Physiology, 160, pp. 106154, Used by
permission of Cambridge University Press. Fiy. 2.3I: From
“Receptive Fields of Single Neurons in the Cat’s Striate Cortex™
by D. H. Hubel and T. N. Wiescl, 1959, Journal of Physiclagy, 148,
pp- 574—591. Used by permission of Cambridge University Press.
Fig. 2.32: From D. H. Hubel and T. N. Wiesel, 1965, Journal of
Neurophysiology, 28, pp. 229-289. Used by permission. Fig. 2.35;
From “The Relation Between Neural and Perceptual Intensity: A
Comparative Study of Neural and Psychophysical Responses to
Taste Stimuli” by G. Borg, H. Diamant, C. Strom, and Y. Zotter-
man, 1967, Journal of Physiology, 192, pp. 13—20. Used by per-
mission of Cambridge University Press. Fig. 2.36: From “Stimulus-
Response Functions of Primary Afferents in Psychophysical Inten-
sity Estimation of Mechanical Skin in the Human Hand” by M.
Knibestol and A. B. Vallbo in Y. Zotterman (ed. ), Semsory Functions
of the Skin in Primates, pp. 201-213. Plenum Publishing, 1976.
Used by permission. Fig. 2.38: From “Sensory Neural Patterns and
Gustation” by R. R. Erikson in Y. Zotterman (ed.), Olfaction and
Taste, Vol, 1, pp. 205—213. Pergamon Press Ltd., 1963. Used by
permission. Box 2.2: From “Physiological and Morphological Iden-
tification of Horizontal, Bipolar and Amacrine Cells in Goldfish
Retina” by A. Kancko, 1970, Journal of Physiology, 207, pp. 623—
633. Used by permission of Cambridge University Press. Bax 2.3:
Figure from W. H. Dobelle, 1977, Journal of Visual Impasirment
and Blindness, 71, pp. 290—297. Used by permission.

Chapter 3 Fig. 3.6: From “Human Rhodopsin” by G. Wald and
P. K. Brown, Science, Vol. 127, pp. 222~226, January 31, 1958
and “The Receptors of Human Color Vision” by G. Wald, Science,
Vol. 145, pp. 1007-1017, Seprember 4, 1964. Copyright 1964 by
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eral Physiolagy, 30, pp. 423~437. Used by permission. Fig. 3.8:
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30, pp. 345-359, Cold Spring Harbor Laboratory, 1965. Used by
permussion. Fig. 3.11: From “Visual Acuity” by L. A. Riggs in C.
Graham (ed.), Vision and Visual Perception. Copyright © 1965 by
John Wiley & Sons, Inc. Reprinted by permission of John Wiley
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W. B. Saunders Company, 1975. Used by permission. Fig. 4.5:
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Skin in Primates, p. 309. Plenum Publishing, 1976. Used by per-
mission. Fig. £.6: From “Nervous Outflow from the Cat’s Foot



During Noxious Radiant Heat Stimulation” by P. W, Beck, Brain
Research, 67, pp. 373—-386. Used by permission. Fig. 4.7: Adapted
from “Living Prehistory in India” by Nalini D. Kosambi, 1967,
Scientific American, Vol. 105, pp. 110-111. Used by permission.
Fig. 4.8: From “Sensitive Period for the Development of Human
Binocular Vision” by M. S. Banks, R. N. Aslin, and R. D. Letson,
1975, Science, 190, pp. 675—-677. Used by permission. Fig. 4.10:
From W. R. Lowenstein, “Biological Transducers,” Scizntific Amer-
ican, 203, August 1960, Used by permission. Fig. 4.11: From
“Mechanical Transmission in a Pacinian Corpuscle: An Analysis and
2 Theory” by W. R. Lowenstein and R. Skalak, 1966, Journal of
Physiology, 182, pp. 346—378. Used by permission of Cambridge
University Press. Fig. 4.12: From S. Weinstein and D. R. Kenshalo
(ed.), The Skin Senses, 1968. Courtesy of Chatles C. Thomas, Pub-
lisher, Springfield, Illinois. Used by permission. Figs. 4.13 and 4.14:
From “The Tactile Sensory Innervation of the Glabrous Skin of the
Human Hand” by A. B. Vallbo and R. S. Johanssen in G. Gordon
(ed.), Active Touch, pp. 29—54. Pergamon Press Ltd., 1978. Used
by permission. Fig. 4.15: Used with permission of Macmillan Pub-
lishing Company, from The Cerebral Cortex of Man by W. Penfield
and T. Rasmussen. Copyright 1950 by Macmillan Publishing Com-
pany, renewed 1978 by T. Rasmussen. Figs. 4.17 and 4.18: From
“Movement-Sensitive and Direction- and Orientation Selective
Cutaneous Receptive Fields in the Hand Area of the Postcentral
Gyrus in Monkeys” by J. Hyvirinen and A. Poranen, 1978, Journal
of Physiolagy, 283, pp. 523—537. Used by permission of Cambridge
University Press. Figs. 4.19 and 4.20: From “Cortical Processing
of Tactile Information in the First Somatosensory and Parietal Asso-
ciation Areas in the Monkey” by H. Sakata and Y. Iwamura in G.
Gordon (ed.), Actsve Tonch, pp. 55—72. Petgamon Press Led., 1978.
Used by permission. Bax 4.1: Figure from B. W. White, F. A. Saun-
ders, L. Scadden, P. Bach-y-Rita, and C. Collins, 1970, Perception
and Psychophysics, 7, pp. 23—27. Used by permission. Bax 4.2; Fig-
ure from G. Békésy, 1959, Journal of the Acoustical Society of Amer-
ica, 31, pp. 1236-1249. Used by permission.

Chapter 5 Figs. 5.4, 5.5, and 5.6: Adapted from Color: Its Prin-
ciples and Their Applications. Morgan and Morgan, 1972. Used by
permussion. Fig. 5.9: Adapted from “Human Color Vision and Color
Blindness™ by G. Wald and P. K. Brown, Cold Spring Harbor Sym-
posia on Quantitative Biolggy, 30, pp. 345- 359, Cold Spring Har-
bor Laboratory, 1965. Used by permission. Figs. 5.14, 5.15, and
5.16: From L. Hurvich and D. Jameson, 1957, Psychological Review,
64, pp. 384-404. Copyright 1957 by the American Psychological
Association. Reprinted by permission. Fig. 5.17: From G. Svaeti-
chin, 1956, Acta Physiolagica Scandinavica Supplementum, 134, pp.
17~ 46. Used by permission. Fig. 5.18: From “Primate Color Vision™
by R. L. DeValois and G. H. Jacobs, Ssience, Vol. 162, pp. 533
540, November 1, 1968. Copyright 1968 by the American Asso-
ciation for the Advancement of Science. Used by permission.

Chapter 6 Fig..6.8: From The World Through Blunted Sight by P.
Trevor-Roper. Bobbs-Merrill, 1970. Used by permission.

Chapter 7 Figs. 7.4 and 7.5: From Art and Visual Perception (2nd
ed.) by R. Arnheim. University of California Press, 1974. Used by
permission. Fig. 7.7: Carapace by Dianc Sloan. Collection of the
Qakland Museum, gift of Mr. Joseph Chowning. Used by permis-
sion. Fig. 7.8: Reprinted from Jacob Beck: Surface Color Perception.
Copyright © 1972 by Cornell University. Used by permission of
the publisher, Cornell University Press. Fig. 7.17: The Great Bridge
at Rouem by Pissarro. Museum of Art, Camnegic Institute. Pitts-
burgh, Pennsylvania. Used by permission. Fig. 7.21: From Exper-
smental Psycholagy, Third Edition, edited by J. W. Kling and Lorrin
A, Riggs. Copyright 1938, 1954, © 1971 by Holt, Rinchart and
Winston, Inc. Reprinted by permission of Holt, Rinchart and Win-
ston. Fig. 7.22: From Organization and Vision by Gaetano Kanizsa,

Copyright 1979 by Gactano Kanizsa. Used by permission of Prae-
ger Publishers. Fig. 7.28: From F. Attneave, 1957, Jorunal of Exper-
imental Psychology, 53, pp. 221-227. Copyright 1957 by the Amer-
ican Psychological Association. Reprinted by permission. Fig. 7.29:
From “Whart Variables Produce Similarity Grouping” by R. R. Olson
in and F. Attneave, 1970, American Journal of Psychology, 83, pp.
1-21. Copyright 1970 by the American Psychological Association.
Used by permission. Fig. 7.32: From “Good Continuation Affects
Visual Detection” by W. Prinzmetal and W. P. Banks, 1956, Per-
ception and Psychophysics, ZI, pp. 389—-395. Used by permission.
Fig. 7.33: From “Configurational Effects in Visual Information
Processing” by W. Prinzmetal and W. P. Banks, 1967, Perception
and Psychophysics, 21, pp. 389—395. Used by permission. Fig 7.41:
From “Inferotemporal Cortex and Vision™ by C. G. Gross, Phys-
iological Psycholggy, 5, pp. 77-123. Academic Press, Inc., 1973, Used
by permission. Fgg. 7.44: From “Perceptual Organization in Infor-
mation Processing™ by M. Kubovy and J. Pomerantz (eds.), in Per-
ceprual Organization, 1981, p. 158. Used by permission. Fig. 7.45:
From “On the Semantics of a Glance at a Scene” by I. Biederman
in Perczptunl Organization, M. Kubovy and J. Pomerantz (eds.),
1981. Used by permission. Fig. 7.47: From B. R. Bugelski and D.
A. Alampay, 1961, Canadian Journal of Psychology, 15, 205-211.
Used by permission. Fig. 7.50: From How People Look at Pictures by
G. T. Buswell. University of Chicago Press, 1935. Used by per-
mission, Fig. 7.51; From “Cognitive Determinants of Fixation
Location During Picture Viewing” by G. R. Loftus and N. H.
Mackworth, Journal of Experimental Psychology, 4, pp. 565-572.
Copyright 1978 by the American Psychological Association. Used
by permission. Bax 7.1: Figure from Higher Cortical Functions in
Man by Aleksandr Romanovich Luria, translated from the Russian
by Basil Haigh. © 1966 by Consultants Bureau Enterprises, Inc,
and Basic Books, Inc., Publishers, New Yotk. Used by permission.
Box 7.2: Figure from A. D. Pick, 1965, Journal of Experimental
Psycholagy, 69, pp. 331-339. Copyright 1965 by the American Psy-
chological Association. Reprinted by permission.

Chapter 8 Fig. 8.1: Vega-Nor (1969) by Victor Vasarely. Albright-
Knox Art Gallery, Buftalo, New York. Gift of Seymour H. Knox,
1969. Used by permission. Fig. 8.3: Place des Lices, St. Topes (1893)
by Paul Signac. Museum of Art, Carnegic Institute, Pittsburgh,
Pennsylvania. Used by permission. Fig. 8.4: Reproduced by special
petmission of Playbey Magazine; copyright © 1971 by Playboy. Fig.
8.9: A Street with Various Buildings, Colonnades, and an Arch, c.
1500, artist unknown, School of Donate Brumante. Museum of
Art, Carncpie Institute. Pittsburgh, Pennsylvania, Used by permis-
sion. Fig. 8.16: D. H. Hubel and T. N. Wiesel, 1970, Nature, 225,
pp- 41—-42. Used by permission. Fig. 8.17: Violin and Bow (1889)
by Jefferson Chalfant. Collection of the Metropolitan Museum of
Art, George A. Hearn Fund, 1966. Used by permission. Fig. 8.18:
Stereogram by Mike Chikeis, 1977, Used by permission. Fig. 8.19:
Photograph coustesy of Philip Brodatz. Fig. 8.23: From « Impos-
sible Objects: A Special Type of Illusion” by L. S. Penrose and R.
Penrose, 1958, British Journal of Psychology, 49, pp. 31-33. Used
by permission of Cambridge University Press. Box 8.2: Figure from
Foundations of Cyclopean Perception by B. Julesz. University of Chi-
cago Press, 1971. Used by permission.

Chapter 9 Figs. 9.7 and 9.8: Adapted from A. H. Holway and E.
G. Boring, 1941, American Journal of Psycholegy, 54, pp. 21—37.
Used by permission of the University of Illinols Press. Fig. 9.11:
Adapted from H. J. Wyatt and M. W. Daw, 1975, Jowrnal of Neu-
rophysiology, 38, pp. 613-626. Used by permission. Fig. 9.23: From
“Phenomenal Regression to the Real Object. I” by R. H. Thouless,
1931, British Journal of Psychology, 21, pp. 339-359. Used by per-
mission of Cambridge University Press. Fig. 9.26: From Experi-
mental Psychology, Third Edition, edited by J. W. Kling and Lorrin
A. Riggs. Copyright 1938, 1954. © 1971 by Holt, Rinehart and



Winston, Inc. Reprinted by permission of Holt, Rinchart and Win-
ston. Figure. 9.30: Corfiu: Lights and Shadows by John Singer Sar-
gent, American 18561925, painted in 1909, Hayden Collection.
Courtesy, Museum of Fine Arts, Boston. Fig. 9.34: Sunlight in a
Cafeterin by Edward Hopper, Yale University Art Gallery, bequest
of Stephen Carlton Clark. Used by permission.

Chapter 10 Fig. 10.7: Adapted from “Effect of Adaptation on
Intensity—Response Relations in the Dorsal Lateral Geniculate
Nucleus of the Cat” by D. Schweitzer-Tong. Doctoral dissertation,
University of Pittsburgh, 1976. Used by permission. Fig. 10.10:
From Visual Perceprion by T. N. Cornsweet. Academic Press, 1970.
Used by permission. Fig. 10.11: From F. J. Verheijen, 1961, Optica
Acta, 8, pp. 309-311. Used by permission. Fig. 10.12: From “Sta-
bilized Images on the Retina” by R. M. Pritchard, Scientific Amer-
ican, 204. Copyright © 1961 by Scientific American, Inc. All rights
reserved. Used by permission. Figs, 10.14 and 10.15: From “Per-
ceived Lightness Depends on Perceived Spatial Arrangement” by
A. L. Gilchrist, 1977, Science, 195, pp. 185-187. Copyright 1977
by the American Association for the Advancement of Science. Fig.
10.16: From “Size Adaptation: A New Aftereffect™ by C. Blake-
more and P. Sutton, Science, Vol. 166, pp. 245—247, October 10,
1969. Copyright 1969 by the American Association for the
Advancement of Science. Used by permission. Fig, 10.20: From
“Application of Fourier Analysis to the Visibility of Gratings” by
F. W. Campbell and J. G. Robson, 1968, Journal of Physiolagy, 197,
pp- 551-556. Used by permission. Fig. 10.21: From “On the Exis-
tence of Neurons in the Human Visual System Sclectively Sensitive
to the Orientation and Size of the Retinal Image™ by C. Blakemore
and E. W. Campbell, 1969, Journal of Physiology, 203, pp- 237-260.
Used by permission. Fig. 10.22: Requiem (detail), pastel and acrylic,
by Tom McDonald, 1982. Reproduced with permission. Fig. 10.24:
Photograph courtesy of Jacob Beck. Bax 10.3: Collection of the
Metropolitan Museum of Art, Harris Brisbane Dick Fund, 1917.
Used by permission,

Chapter 11 Fig. 11.1: A Passing Umbrelia by Kenneth Antol,
1983. Used by permission. Fig. 11.7: From C. Blakemore and E.
A. Tobin, 1972, Experimental Brain Rescarch, 15, pp. 439-440.
Used by permission. Fig. 11.8: Adapted from “The Velocity Tuning
of Neurons in the Lateral Geniculate Nucleus and Retina of the
Car” by L. Frishman. Doctoral dissertation, Univetsity of Pitts-
burgh, 1979. Used by permission. Fig. 11.12: From “Perception”
by H. L. Teuber in J. Field, H. W. Magoun, and V. E. Hall (eds.),
Handbook of Physiology, Section 1, Neurophysiology, Vol. 3, pp.
1595 ~1668. American Physiological Society, 1960. Used by per-
mission. Fig. 11.14: From “Paralysis of the Awake Human: Visual
Perceptions” by J. K. Stevens, R. C. Emerson, G. L. Gerstein, T.
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In the preface to the first edition I expressed my
feeling that to understand perception fully we must
attack it from both the psychophysical and phys-
iological points of view. This idea is one of the themes
of this book, and one of my goals is to identify
connections between perception and physiology.
Another theme of this book is that while under-
standing how nerve cells fire may tell us a lot about
nerve cells, this knowledge, in isolation, tells us
nothing about perception. Nerve cells don’t per-
ceive. Only people and animals perceive. Thus, our
study of perception must be centered on the psy-
chophysical results that describe what humans and
animals perceive, If we can connect these psycho-
physical results to what we know about physiology,
all the better. But there is much we can learn about
perception by taking a purely psychophysical
approach.

The generous reception given the first edition
plus the feedback I've received from colleagues and
students has been extremely gratifying, and has
motivated me to make the second edition even bet-
ter than the first. In preparing for this revision I
took a critical look at the first edition and, with the
aid of feedback from many people, identified things
that needed to be explained more clearly, topics that
could be omitted, and, most important, topics that
needed to be added. The result I have tried to achieve
is a book that is not simply a collection of facts, but
a book that tells a connected story in which the facts
about perception are presented so we can make
sense of them; so we can appreciate basic principles
rather than isolated results.

Although those who have used the first edition
will see much that is familiar here, they will also see
much that is new. Some of the more important
changes and additions include:

1. A completely rewritten section on signal
detection, with a typical signal detection experi-
ment described in Chapter 1, and the theory under-
lying the signal detection approach described in an
Appendix.

Preface

2. Chapter 2, “The Physiological Bases of Per-
ception,” has been shortened and simplified for stu-
dents with no prior background in the basics of
physiology. New material on the use of the 2-deox-
yglucose technique to map orientation columns in
the visual cortex has been added.

3. A new chapter, “Perceiving Touch, Tempera-
ture, and Pain” (Chapter 4), has been added. The
rationale for placing this chapter near the beginning
of the book is that the first three chapters lay the
groundwork for the student’s understanding of
psychophysics and physiology, emphasizing exam-
ples from vision, and these approaches are then
applied to the skin senses, emphasizing parallels
between the skin senses and vision. This chapter
also introduces the idea that perception is influ-
enced by the perceiver’s expectations and past expe-
rience, This idea, which is introduced via a discus-
sion of the psychological aspects of pain perception,
sets the stage for some of the more “psychological”
topics in subsequent chapters. Also included in this
chapter is new material on nociceptors, cold and
warm fibers, gate control theory, endorphins, and
neurons that respond to “active touch”

4. The material on color mixing in Chapter 5 has
been simplified, and additions to this chapter include
some well-known old work on memory color and
some just published work on “blob” cells—double
color-opponent cells in the cortex that may mediate
our perception of color contrast.

5. A new chapter, “What Can Go Wrong with
Your Eyes” (Chapter 6), has been added. The moti-
vation behind this chapter was one of curiosity: the
curiosity of my students, who often asked me ques-
tions about various eye problems, and my own
curiosity about what goes on during an eye exam-
ination and during operations for conditions such
as cataract, glaucoma, and detached retina.

6. The chapter on form perception from the first
edition has been changed into a new chapter,
“Organization, Recognition, and Attention”
(Chapter 7). The section that covered Gestalt psy-
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chology in the first edition has been expanded to
include the information processing approach to
perceptual organization, with examples from both
visual and auditory perception to emphasize the
generality of the Gestalt approach. New material on
models of pattern recognition and attention is also
included.

7. The chapter on depth perception (Chapter 8)
has been reorganized and new material on J. J. Gib-
son’s approach to the perception of space has been
added.

8. A new chapter on the perceptual constancies
(Chapter 9) gathers together material on size, shape,
and lightness constancy that was formerly covered
in different chapters and adds material on percep-
tion as hypothesis testing.

9. Chapter 10, “Perceiving Contrast”, includes
new material on how an object’s apparent position
in space affects our perception of contrast and new
material on the effect of spatial frequency on con-
trast perception. A clear description of the Fourier
approach to contrast perception is included in an
Appendix.

10. The chapter on perceiving movement
(Chapter 11) now includes an expanded treatment
of]. J. Gibson’s approach to movement perception.

11. Chapter 12, “Perceptual Development”
(formerly “Experience”), includes an expanded sec-
tion on infant perception that has been updated to
include recent work on infant acuity, contrast sen-
sitivity, accommodation, monocular and binocular
depth perception, and form perception. As in the
first edition, this chapter still includes a detailed
treatment of the effect of visual deprivation on neu-
rons in the visual cortex of both animals and humans.

12. Chapter 13, “Basic Mechanisms of Hearing,”
has been reorganized and new figures have been
added to help the student understand the structures
of the middle and inner ear. New material on tin-
nitus and infrasound detection by homing pigeons
has been added.

13. The chapter on speech perception (Chapter
14) has been completely rewritten to include mate-
rial on the motor theory of speech perception, recent
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work on acoustic cues for perceiving phonemes,
audiovisual speech perception, and coverage of the
controversy over whether the mechanisms respon-
sible for categorical perception are linguistic or
acoustic in nature. A summary of how phonemies
are produced is included in an Appendix.

14. The material on olfaction and taste has been
expanded so that these two senses now have a full
chapter to themselves. (In the first edition they shared
a chapter with touch.) New material on myths about
human olfaction, cognitive factors influencing smell,
the 2-deoxyglucose technique as applied to olfac-
tion, the effect of genetic factors and past experience
on taste perception, conditioned taste aversion, and
specific hungers has been added.

In addition to the above changes in the text, this
edition includes the following features:

1. Addition of highlighted words in the text and
a glossary of over 500 definitions. Definitions are
placed at the end of each chapter to make reviewing
the key terms in each chapter easier for students.

2. Over 180 new drawings and photographs.

3. Over 200 new references.

One of my goals in writing this book was to
transmit some of the excitement about perception
I have experienced in both my physiological research
on visual pigment chemistry (Goldstein, 1967, 1978)
and my psychophysical research on picture percep-
tion (Goldstein, 1975, 1979) and attention (Gold-
stein and Fink, 1981). I hope in reading about the
research described in this book you will sense this
excitement and you will see that perception is more
than just a list of “facts” After all, perception is
something we experience all the time, and the study
of perception can enhance this experience. I've found
that studying perception has made me more obser-
vant of my environment, more aware of my percep-
tions, and more appreciative of the miraculous
process that transforms energy falling on receptors
into the richness of experience. I hope reading this
book has the same effect on you.

E. Bruce Goldstein
Pittsburgh, November 1983
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