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TMS explained by raised detection thresholds<
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Abstract*It is known that transcranial magnetic stimulation "TMS# administered over the occipital pole suppresses recognition of
visual objects[ Our aim was to ascertain whether this suppression can be interpreted as a change in visual contrast threshold[ Four
subjects detected the orientation of an U!shaped hook ~ashed for 10 ms[ Under control conditions\ mean contrast threshold was
found at 9[77 log units Weber contrast[ Thresholds were raised if TMS was applied 39Ð199 ms after the visual stimulus[ Maximum
elevation was 0[56 log units under TMS at 019 ms stimulus onset asynchrony[ This phenomenon can be interpreted as a reduction
in signal!to!noise ratio of the visual stimuli by TMS\ which can be compensated for by increasing the contrast of the stimuli[ Þ 0887
Elsevier Science Ltd[ All rights reserved[
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Introduction

Since the _rst description by Amassian et al[ ð0Ł\ trans!
cranial magnetic stimulation "TMS# has often been
shown to disturb visual object recognition when applied
on the visual cortex ð1\ 4Ð8\ 01\ 03Ł[ All these studies agree
that there is a time window of 59Ð019 ms stimulus onset
asynchrony "SOA# in which a magnetic pulse causes a
considerable decrease in the accuracy of an object rec!
ognition task[

The e}ect of TMS on the visual cortex has always been
interpreted as a transient lesion precisely de_ned in both
time and localization[ However\ the mechanism under!
lying this disturbance of information processing remains
unclear[ Amassian et al[ ð0Ł postulated that\ analogous to
inhibitory phenomena related to magnetic stimulation of
the motor cortex\ an inhibitory postsynaptic potential
component evoked by the magnetic pulse via poly!
synaptic circuits causes the suppression of visual percep!
tion[

To further characterize the in~uence of TMS on visual
object recognition\ we investigated the modulation of
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contrast thresholds for object recognition by means of
psychophysical procedures ð2\ 05Ł[ The main question
was whether suppression of perception was due to dis!
ruption of higher or lower level processes[

Materials and Methods

Subjects

The authors and two healthy subjects with no previous
knowledge of the experiments were examined[ They had a mon!
ocular Snellen acuity of 19:19 or better and no neurological
history[ The experiments were approved by the ethics committee
of the Medical Faculty\ University of Tu�bingen "No 2:85#[
Written informed consent was obtained[

Apparatus

Visual stimuli were generated on a VSG 1:2 graphic board
"Cambridge Research Systems\ Rochester\ UK#\ controlled by
a PC and by software developed in Delphi "Borland\ Scotts
Valley\ CA\ USA#[ The frame rate was 099 Hz[ Luminance
levels were measured with a Photometer "Minolta LS 099\
Osaka\ Japan#[ Magnetic stimulation was administered using
the MagPro stimulator "Dantec\ Skovlunde\ Denmark# with a
circular 01 cm coil[ Single pulses were applied in the biphasic
mode with an intensity of 69) of maximal output[ The trigger
generated by the VSG board was directly synchronized to the
frames[ The coil was _xed on a tripod consisting of two right!
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angled frames orthogonal to each other[ These could be rotated
around the subject|s head in the pitch and yaw axis[ The subject
sat in a comfortable chair in a darkened\ light!shielded room[
The head was supported by a forehead and chin rest[ The
subject focused on the stimulus monitor "Liyama Vision Master
Pro\ 10\ Kitaowaribe\ Japan# at a distance of 46 cm[

Stimuli and experiments

Subject were instructed to press a button on a custom!made
keypad connected to the VSG board to run each separate trial[
A _xation point of 9[03>×9[03> "3×3 pixels# with a luminance
of 9[14 cd:m1 was presented for 499 ms[ To avoid forward
masking e}ects\ it was separated from the visual target by a 499
ms gap "dark screen\ background luminance 9[9014 cd:m1#[ A
stimulus was then ~ashed centrally in luminances varying from
9[930 to 3[31 cd:m1[ The stimulus was a U!shape subtending
a square of 9[31>×9[31> "01×01 pixel# with an opening of
9[03>×9[17> "3×7 pixel# pointing in one of the four directions^
up\ down\ right or left[ Duration of the stimulus was three
frames\ resulting in a real presentation duration of 10 ms\ as
measured with a photomultiplier[ A dark screen terminated
each trial[ In a four alternative forced choice "3AFC# design\
subjects were instructed to indicate the direction of the U!shape
by pressing one of four corresponding buttons on the keyboard[

The subjects were given _ve minutes to adapt to the back!
ground luminance of the screen[ Then\ in a control condition
without TMS\ thresholds of contrast sensitivity were obtained
by the method of constant stimuli[ Twenty trials were randomly
presented in each of 00 di}erent luminances "9[930Ð9[14 cd:m1#[
Additionally\ thresholds were measured twice by an adaptive
up!down transformed!response "UDTR# staircase method with
a 1]0 rule "down after two correct answers and up after one
mistake# and a stepsize of about 9[91 cd:m1[ It was terminated
after 04 reversals[ The resulting luminance\ calculated as the
mean of the 04 reversals\ marks the threshold at 67) correct
responses "P � 9[14¦"0Ð9[14# ( 9[40:1# ð07Ł[ To avoid fatigue in
these near!threshold experiments\ 09) of the trials were ran!
domly presented with a luminance onefold to threefold stepsize
above the level of the actual staircase procedure[ Weber contrast
was calculated as log09""L−L9#:L9#\ with L � luminance of the
visual stimulus and L9 � luminance of the background screen[

The magnetic coil was positioned with the lower edge on the
inion[ The handle was oriented upwards\ and face B of the coil
oriented to the head[ In a test session ð03Ł\ the location causing
a maximal suppression e}ect on the U!shape "9[14 cd:m1# was
determined at 019 ms SOA[ With regard to the position of the
lower edge\ this location was 9[4Ð1 cm below the inion[ Subjects
were requested not to move their heads for the rest of the
session[ At a stimulus intensity of 69) only mild stimulation
of the facial nerve occurred in all subjects but no apparent
stimulation of nuchal muscles was achieved[

Three di}erent types of experiments were then performed in
a randomized order[ "i# Thresholds were determined in two
subjects by the method of constant stimuli with triggered TMS
at a SOA of 019 ms[ Each contrast value was tested 19 times[
"ii# Using the UDTR method\ contrast thresholds at 67) were
measured with triggered TMS[ Five di}erent SOAs "39Ð199 ms
in steps of 39 ms# were chosen in a random order[ "iii# Extinction
of visual object recognition was measured in three subjects with
U!shapes at constant luminances and triggered TMS at SOAs
which varied from 39Ð199 ms in steps of 19 ms and a SOA of
399 ms[ Twelve presentations per SOA were randomly inter!
leaved[ The total sum of magnetic stimuli applied on the visual
cortex was from about 799 to 0599 in each subject[ Frequency
of magnetic stimuli depended on the speed of answers\ but
could not exceed 9[4 Hz[

Contrast thresholds in the absence of TMS were measured

alternatively with experiments with extensive application of
TMS\ either by the method of constant stimuli or by the UDTR
method[

Results

The shape of the contrast threshold functions for the
recognition of the orientation of the visual object\ deter!
mined by the method of constant stimuli\ is demonstrated
for two subjects in Fig[ 0[ Under control conditions\
mean threshold at 67) correct answers was 9[84 log units
Weber contrast in subject HN and 0[96 log units in subject
TK[ These values are comparable to the light!di}erence
sensitivity values with short exposure times used by Aul!
horn et al[ ð2Ł[ The control measurements in the absence

Fig[ 0[ Contrast sensitivity measured by the method of constant
stimuli[ Individual data from two subjects are given in log units
Weber contrast[ Squares represent values of several control
measurements "mean2SEM# in the absence of TMS[ Circles
represent the values of a single experiment under TMS with a
constant SOA of 019 ms[ Twenty trials were performed for each
of the di}erent contrast values[ Boltzman _ts with _xed _rst
and _nal values "14 and 099)# were shown[ The dotted line
shows the threshold level at 67) correct answers to render data
comparable to values given in Fig[ 1[ Note that numbers of
repetition in the control measurements are given individually

in the legends of the graphs[
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of TMS were repeated several times "see Fig[ 0\ legends
in the graph# at the beginning and during the whole
course of the investigation[ No systematic shift of thres!
hold was observed in the control measurements which
alternated with the experimental tasks with extensive
magnetic stimulation[

TMS with a _xed SOA of 019 ms shifted threshold
functions to higher contrast values in both subjects "HN]
1[04 log units\ TK] 0[80 log units\ each at 67) correct
answers#[ Compared with the control condition\ steep!
ness of threshold function under TMS was only slightly
~attened in one subject and more distinctly ~attened in
the other subject[

In order to reduce the number of magnetic stimuli
required to determine contrast threshold function\ we
applied the adaptive UDTR!method[ In Fig[ 1\ individual

Fig[ 1[ Shift of contrast sensitivity threshold under various
SOA[ Weber contrast values of threshold at 67) correct
answers are presented in log units\ measured by the adaptive
UDTR!method with a 1]0 rule[ Top] individual data from two
runs in each of the four subjects[ Dots represent the _rst run\
circles the second run[ Bottom] mean values "2SEM# from the
four subjects[ On the abscissa the SOA between visual stimulus
and the TMS pulse is given[ Note the crosses representing the
control measurements in the absence of TMS[ The two!way
ANOVA revealed a signi_cant main e}ect on SOA
"F"0\4# � 7[01\ P ³ 9[990#[ Three signi_cant di}erences were
found by post hoc comparisons "She}e�#\ as indicated in the

bottom graph[ �P ³ 9[94^ ��P ³ 9[994[

data "top\ four subjects# and mean values "bottom# of
contrast thresholds are shown[

In the control condition without TMS\ contrast thr!
eshold varied interindividually between 9[67 and 0[0 log
units "mean 9[7729[93#\ comparable to the data in Fig[
0[ In all subjects\ TMS raised contrast thresholds in a
bell!shaped manner by increasing SOA from 39Ð199 ms[
Maximal elevations of contrast thresholds "from 0[14 up
to 1[14 log units# were found at 019 ms SOA "three
subjects# or 059 ms SOA "one subject#[ Mean at 019 ms
SOA was 0[5629[12 while mean at 059 ms SOA was
0[3329[93[ Stimulation at a SOA of 199 ms shifted con!
trast thresholds back to lower values in the range of 0[99Ð
0[17 log units "mean 0[0929[93#\ which is still higher
than values in the control condition[ In two subjects "JS
and HN# a remarkable di}erence in threshold shifts was
obtained in the two independent runs\ but the trend of
increasing and decreasing threshold shift with increasing
SOA was still obtained[ This modulation of contrast
threshold was statistically signi_cant[ Analysis of vari!
ance with SOA and repetition as within factors "5×1#
revealed a signi_cant main e}ect of SOA\ F"0\4#�7[01\
P³ 9[990\ but no signi_cant main e}ect of repetition[
Signi_cance levels of post!hoc comparisons are indicated
in Fig[ 1 "bottom#[

In all three subjects we measured extinction of rec!
ognition of the visual object under TMS with various
SOAs and di}erent contrast values "Fig[ 2#[ The contrast
values were individually chosen to obtain a large range
of extinction e}ects[

In all subjects\ variation of SOA resulted in a typical
inverse bell!shaped modulation of the number of correct
answers[ Regarding the highest contrast values "squares#
subjects answered without error at short SOAs from 39
to 099 ms[ A remarkable extinction of visual object rec!
ognition "30)Ð64)# occurred only at SOA of 019 ms in
all subjects[ At longer SOAs "079\ 199\ and 399 ms# sub!
jects answered again without error[ Lowering the contrast
of the object presented resulted in an increase of errors
in all subjects and an enlargement of the time window
instrumental in disturbing recognition[ The maximum of
the bell!shaped function shifted slightly from about 019
to about 039 ms SOA[ In subject TK the lowest contrast
value investigated "0[96 log units# resulted in the loss of
the bell!shaped modulation whereas TMS at SOAs from
39 to 079 ms diminished answer rates to chance level[
This contrast value was the threshold level in the control
experiments for this subject[ Answer rates reached this
threshold with TMS at 199 and 399 ms SOA[

During the test stimulation at the beginning of the
experiment all subjects reported visual sensations induced
by TMS[ They were mainly situated bilaterally in the
lower visual hemi_eld and were described as large
{{blobs|| or contours without any apparent color but with
the sensation of a di}erent brightness[ The {{blobs||
remained visible during the whole experiment\ but a shift
in attention to the visual targets reduced the perception
of the visual sensations during the experimental tasks[
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Fig[ 2[ Suppression of visual perception[ Individual data of three subjects are given[ In subject TL\ three di}erent contrast values\
given in log units Weber contrast in the legend\ were investigated[ In subjects HN and TK\ _ve di}erent contrast values were

measured and presented in two di}erent graphs\ left and right[ Note that contrast values varied for di}erent individuals[

Discussion

In addition to the observation that TMS reduces accu!
racy ð5Ð7\ 03Ł or completely disrupts ð0\ 4\ 8\ 01Ł infor!
mation processing in the visual cortex\ our results
demonstrate that the e}ects of TMS in an object rec!
ognition task may merely re~ect a shift of threshold
towards higher contrast levels "Fig[ 0#[ The disturbance
of object recognition caused by TMS can invariably be
overcome by increasing the contrast of the objects[ The
amount of this contrast shift depends on the SOA
between the visual stimulus and the magnetic pulse "Fig[
1#[ With the restriction of the limited number of SOAs
measured we found that the modulation of contrast thre!
sholds is just the inversion of the bell!shaped function
revealed in the extinction experiment "Fig[ 2#[ In other

words\ the amount of extinction of a visual stimulus at a
certain SOA depends on the amount of threshold shift
caused by the magnetic pulse[ Enhancement of contrast\
then\ reduces the extinction e}ect of TMS\ _rstly by nar!
rowing the time window in which TMS is e}ective and
secondly by reducing the error rates "Fig[ 2#[ As can be
concluded from the data given in Fig[ 0\ further enhance!
ment of contrast beyond the contrast levels used in the
extinction experiment "Fig[ 2# would have completely
overcome the extinction e}ect of TMS[

Masur et al[ ð01Ł were the _rst to _nd that the SOA of
the magnetic pulse inducing the most e}ective extinction
"maximum in the bell!shaped function# varied with regard
to its dependence on the luminance of the visual stimulus[
In normal subjects\ reducing the brightness of the stimuli
shifted the most e}ective SOA from about 69 to about
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89 ms[ In a recent study\ Miller et al[ ð03Ł systematically
replicated the e}ect of luminance of the visual stimuli on
the SOA[ Unlike Masur et al[\ who used a gray _lter
maintaining contrast level\ Miller et al[ changed lum!
inance of the stimuli on the same background luminance\
thus varying contrast levels from 2[01 to 0[22 log units
Weber contrast[ Most e}ective SOA changed from about
099 to 014 ms[ Both authors consider that transmission
time of the visual signal from the retina to the visual
cortex depends on the brightness of the visual stimuli
ð08Ł[ Although our measurements "Fig[ 2# were performed
with a smaller contrast range from 0[96 to 1[9 log units\
we found a tendency of SOA variation similar to those
described earlier[ In our study\ TMS was most e}ective
in suppressing object recognition at SOAs of 019Ð039 ms[
These SOAs are 19Ð59 ms longer than SOA of maximal
extinction in all previous experiments described ð0\ 4Ð8\
01\ 03Ł[ A plausible explanation for this long SOA is the
low luminance level chosen in our experiment[ We would
anticipate that a raised luminance level would result in
shorter SOAs for the maximal extinction e}ect of TMS
as well as for maximal shift of contrast threshold[

Interestingly\ Miller et al[ ð03Ł reported that increasing
contrast of the targets above 2[01 log units in test experi!
ments increased rather than decreased error rates[ This
con~icts with our _nding that\ at each TMS interval\ a
contrast level could be detected which overcomes the
disruption of visual processing[ A reason for this dis!
crepancy could be that we did not use a pattern mask in
order to terminate information processing after the ~ash[
In a pilot experiment with backward masking we found
interactions between the masking e}ect of TMS and a
visual mask comparable to Miller et al[ at high contrast
levels[ We subsequently ~ashed our target on a blank
screen\ avoiding visual forward and backward masking[

We shall consider the intraindividual and inter!
individual di}erences in contrast threshold shift "Fig[ 1#[
In our experience\ the critical point is the position of the
coil in relation to the skull[ In the test session\ changes of
only a few mm of the coil position resulted in remarkable
changes in suppression e}ects of TMS[ The most plaus!
ible explanation for intraindividual changes is then\ that
subjects could not maintain their exact head positions\ in
relation to the coil over the whole range of the experi!
ment[ We have no evidence that intraindividual di}er!
ences are based on systematic changes in cortical
processing induced either by learning e}ects or by in~u!
ence of TMS for two reasons[ "i# Repetition of contrast
threshold measurements without TMS interleaved to the
experiments with TMS did not reveal any systematic
change in contrast thresholds in any of the subjects[ "ii#
Comparing run one and run two of the UDTR!experi!
ment "Fig[ 1# revealed that contrast threshold changes
were raised in two subjects while in the third subject no
change occurred and in the fourth changes in contrast
threshold were reduced[ The lack of a systematic\ long!
lasting threshold shift under extensive TMS "up to 0599
stimuli applied in blocks of 099Ð199\ maximal frequency

9[4 Hz# con_rms the safety of TMS applied at low
repetition rates ð04\ 06Ł[ Interindividual di}erences are
probably related to anatomical variations\ which results
in di}erent parts of the visual cortex\ being reached by
TMS ð00Ł[

What is the underlying neurophysiological e}ect of
contrast threshold modulation< As pointed out by Asm!
assian et al[ ð0Ł\ we might expect a magnetic pulse to
induce both an excitatory as well as an inhibitory e}ect
on cortical neurons[ They suggested that suppression of
perception might be due to an inhibitory process of the
excitation induced by the visual stimulus[ In general\
suppression of perception is due to a reduction of signal!
to!noise ratio ð3Ł[ This means that TMS might reduce the
retinal signal\ increase the noise\ or both[ The {{blobs||
the subjects observed have to be interpreted as phos!
phenes ð09\ 00\ 02Ł\ i[e[ an additional signal generated in
the visual cortex[ With respect to the visual signal from
the retina\ the cortical phosphenes are to be considered
as noise\ and it seems likely that the increase in contrast
threshold is a result of a rise in the noise level[ This
interpretation is strongly supported by our _nding that\
at each SOA tested\ the disruption of information pro!
cessing induced by TMS could be overcome by increasing
visual contrast\ i[e[ the strength of the retinal signal[ On
the other hand\ a linear increase of noise would shift
contrast thresholds without changing the slope of the
contrast threshold function[ This is not the case here "Fig[
0#[ Besides elevation of the noise level\ a reduction of the
retinal signal may therefore also account for the e}ect of
TMS on the visual cortex[

Acknowled`ements*First and foremost\ we would like to thank
our subjects for their cooperation[ We are also grateful for the
generous support of and many helpful discussions with Kuno
Kirschfeld[ We further thank Lucia Lehr and Reinhard Feiler
for technical support\ Claudia Holt for graphic design and Karl
Gegenfurtner for comments on the manuscript[

References

0[ Amassian\ V[ E[\ Cracco\ R[ Q[\ Maccabee\ P[ J[\
Cracco\ J[ B[\ Rudell\ A[ and Eberle\ L[\ Suppression
of visual perception by magnetic coil stimulation of
human occipital cortex[ Electroencephalo`raphy and
Clinical Neurophysiolo`y\ 0878\ 63\ 347Ð351[

1[ Amassian\ V[ E[\ Cracco\ R[ Q[\ Maccabee\ P[ J[\
Cracco\ J[ B[\ Rudell\ A[ P[ and Eberle\ L[\ Unmask!
ing human visual perception with the magnetic coil
and its relationship to hemispheric asymmetry[ Brain
Research\ 0882\ 594\ 201Ð205[

2[ Aulhorn\ E[ and Harms\ H[\ Visual perimetry[ In ed[
D[ Jameson and L[ M[ Hurvich[ Handbook of Sen!
sory Physiolo`y\ Vol[ VII:3\ Springer\ Berlin\ 0861\
pp[ 091Ð034[

3[ Barlow\ H[ B[\ Increment thresholds at low intensities
considered as signal:noise discriminations[ Journal
of Physiolo`y "London#\ 0846\ 025\ 358Ð377[



T[ Kammer and H[!G[ Nusseck:TMS raises detection thresholds0055

4[ Beckers\ G[ and Ho�mberg\ V[\ Impairment of visual
perception and visual short term memory scanning
by transcranial magnetic stimulation of occipital
cortex[ Experimental Brain Research\ 0880\ 76\ 310Ð
321[

5[ Beckers\ G[ and Zeki\ S[\ The consequences of inac!
tivating areas V0 and V4 on visual motion percep!
tion[ Brain\ 0884\ 007\ 38Ð59[

6[ Epstein\ C[ M[ and Zangaladze\ A[\ Magnetic coil
suppression of extrafoveal visual perception using
disappearance targets[ Journal of Clinical Neuro!
physiolo`y\ 0885\ 02\ 131Ð135[

7[ Hotson\ J[\ Braun\ D[\ Herzberg\ W[ and Boman\
D[\ Transcranial magnetic stimulation of extrastriate
cortex degrades human motion direction discrimi!
nation[ Vision Research\ 0883\ 23\ 1004Ð1012[

8[ Kammer\ T[ and Spitzer\ M[\ Getriggerte trans!
kranielle Magnetstimulation bei ho�heren kognitiven
Funktionen[ Fortschritte der Neurolo`ie!Psychiatrie\
0885\ 53\ 194Ð100[

09[ Kastner\ S[\ Paul\ I[ and Ziemann\ U[\ Transient
visual _eld defects and phosphenes induced by trans!
cranial magnetic stimulation over the occipital lobe[
In Go�ttin`en Neurobiolo`y Report 0886\ Vol[ II\ ed[
N[ Elsner and H[ Wa�ssle[ Thieme\ Stuttgart\ 0886\
pp[ 455[

00[ Marg\ E[ and Rudiak\ D[\ Phosphenes induced by
magnetic stimulation over the occipital brain]
description and probable site of stimulation[ Opto!
metry and Vision Science\ 0883\ 60\ 290Ð00[

01[ Masur\ H[\ Papke\ K[ and Oberwittler\ C[\ Sup!
pression of visual perception by transcranial mag!
netic stimulation*experimental _ndings in healthy
subjects and patients with optic neuritis[ Elec!
troencephalo`raphy and Clinical Neurophysiolo`y\
0882\ 75\ 148Ð156[

02[ Meyer\ B[ U[\ Diehl\ R[ R[\ Steinmetz\ H[\ Britton\
T[ C[ and Benecke\ R[\ Magnetic stimuli applied over
motor cortex and visual cortex] In~uence of coil pos!
ition and _eld polarity on motor responses\ phos!
phenes\ and eye movements[ Electroencephalo`raphy
and Clinical Neurophysiolo`y\ 0880\ 32 "Suppl[#\ 010Ð
023[

03[ Miller\ M[ B[\ Fendrich\ R[\ Eliassen\ J[ C[\ Demirel\
S[ and Gazzaniga\ M[ S[\ Transcranial magnetic
stimulation*delays in visual suppression due to
luminance changes[ Neuroreport\ 0885\ 6\ 0639Ð0633[

04[ Pascual!Leone\ A[\ Houser\ C[ M[\ Reese\ K[\ Shot!
land\ L[ I[\ Grafman\ J[\ Sato\ S[\ Valls!Sole�\ J[\ Bra!
sil!Neto\ J[ P[\ Wassermann\ E[ M[\ Cohen\ L[ G[
and Hallett\ M[\ Safety of rapid!rate transcranial
magnetic stimulation in normal controls[ Electro!
encephalo`raphy and Clinical Neurophysiolo`y\ 0882\
78\ 019Ð029[

05[ Strasburger\ H[\ Harvey\ L[ O[\ Jr[ and Rentschler\
I[\ Contrast thresholds for identi_cation of numeric
characters in direct and eccentric view[ Perception
and Psychophysics\ 0880\ 38\ 384Ð497[

06[ Wassermann\ E[ M[\ Grafman\ J[\ Berry\ C[\ Holl!
nagel\ C[\ Wild\ K[\ Clark\ K[ and Hallett\ M[\ Use
and safety of a new repetitive transcranial magnetic
stimulator[ Electromyo`raphy and Motor Control!
Electroencephalo`raphy and Clinical Neuro!
physiolo`y\ 0885\ 090\ 301Ð306[

07[ Wetherill\ G[ B[ and Levitt\ H[\ Sequential estimation
of points on a psychometric function[ British Journal
of Mathematical and Statistical Psycholo`y\ 0854\ 07\
0Ð09[

08[ Wolpert\ D[ M[\ Miall\ R[ C[\ Cumming\ B[ and
Boniface\ S[ J[\ Retinal adaptation of visual pro!
cessing time delays[ Vision Research\ 0882\ 22\ 0310Ð
0329[


