
was subjected to gel filtration through Phar
macia Superdex 75; a major peak of ade-
nylyl cyclase activity consistent with a glob
ular 60-kD protein was observed, as well as 
a minor peak consistent with a protein of 
about twice the size (Fig. 3). The active 
enzyme thus appears to migrate as a mono
mer, although a small fraction may be 
present as dimers. The 60-kD immunoreac-
tive band (Fig. ID) was present within the 
major peak of adenylyl cyclase activity, 
whereas the 27- and 34-kD bands were not. 
Proteolysis was evident in these extracts; 
further chromatography of the material 
shown in Fig. 3 on a Pharmacia Mono Q 
column revealed multiple peaks of activity, 
and only a fraction of the active enzyme was 
recognized by antiserum C2-1077 (directed 
against the COOH-terminus). This expres
sion system and the resulting protein should 
facilitate genetic, biochemical, and, per
haps, structural analysis of this complex 
group of enzymes (29). 
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tations are involved in both visual imagery 
and visual perception is unclear. Earlier 
studies have shown that visual imagery in
terferes with perception (Perky effect) (5). 
Visual imagery can facilitate letter detec
tion by increasing expectation (6), yet there 
is no evidence for direct facilitatory inter
actions between imagery and perception. In 
order to test whether visual imagery can 
induce a facilitatory effect on visual percep
tion, we used a lateral masking detection 
paradigm (7, 8), in which human observers 

Common Mechanisms of Visual Imagery 
and Perception 

Alumit Ishai* and Dov Sagi 

Detection of a visual target can be facilitated by flanking visual masks. A similar en
hancement in detection thresholds was obtained when observers imagined the previously 
perceived masks. Imagery-induced facilitation was detected for as long as 5 minutes after 
observation of the masks by the targeted eye. These results indicated the existence of 
a low-level (monocular) memory that stores the sensory trace for several minutes and 
enables reactivation of early representations by higher processes. This memory, with its 
iconic nature, may subserve the interface between mental images and percepts. 



performed imagery tasks that were preceded 
by perceptual tasks. 

Six observers that were naive to the 
task and one of the authors (A.I.) partic- 
ipated in the experiments (9). The task of 
each observer was the detection of a Ga- 
bor target under three conditions: (i) a 
perception condition, in which the target 
was flanked by two peripheral Gabor 
masks (Fig. lA,  upper panel); (ii) a con- 
trol condition, in which the masks were 
absent; and (iii) an imagery condition, in 
which the observer had to detect the tar- 
get while imagining the absent masks (Fig. 
1 A, lower panel). Contrast detection 
thresholds were measured as a function of 
target-to-mask distance (Fig. 2). In the 
perception condition, two zones were 
seen: suppression, that is, an elevation of 
threshold within eccentricity of twice the 
Gabor target wavelength (2X); and en- 
hancement, that is, a threshold reduction, 
reaching a maximum at three times the 
target wavelength (3X). In the control 
condition, both suppression, which is due 

in part to integration within receptive 
fields, and enhancement, which is due to 
integration outside receptive fields, were 
not apparent. In the imagery condition, 
the suppression disappeared and a facilita- 
tory effect was seen. The imagery-induced 
facilitation also reached a maximum at 3h, 
the optimal target-to-mask distance [a 
threshold reduction of 0.1 2 0.01 loga- 
rithmic unit, as compared with 0.2 2 0.02 
in the perception condition and with a 
threshold elevation of 0.04 2 0.01 in the 
control condition (mean 2 SE, n = 7 
observers)]. 

Further analvsis revealed similaritv be- 
tween the facilitation seen in both imag- 
ery and perception. The area in the en- 
hancement zone, from 2 X  to 12X, was 
computed for all conditions in each ses- 
sion. The differences between the en- 
hancement area in the imagery and per- 
cevtion conditions were statisticallv not 
significant, but the differences between 
the control and perception conditions 
were significant, as well as the differences 

Fig. 1. Computer-generated Gabor stimuli. (A) A foveal Gabor target flanked by two high-contrast Gabor 
masks, at a distance of three times the target wavelength (3h), used in the perception condition (upper 
panel) and an isolated target without the masks, used in both control and imagery conditions (lower 
panel). Gabor target and masks were vertical, arranged along the vertical meridian. In both examples, 
target appeared on the right (that is, on the second presentation of stimuli). The display had an area of 
9.6" by 9.6" with a mean display luminance of 50 cd/m2, viewed binocularly from a distance of 150 cm 
in a dark environment. (6) Visual noise composed of Gabor patches of random orientations and phases. 
(C) Surround visual noise with a gap at the location of target and masks. 

Fig. 2. Imagery-induced facil- 
itation. The figure shows the 
contrast detection threshold 
as a function of target-to- 
mask distance, for vertical 5 
target and masks, averaged 2 
across all observers. Error & 
bars in this and subsequent 
graphs indicate the standard ,o 
error of the mean. 01 E 

.....*.... Perception - Imagery ....... Control 

-0.3 
0 3 6 9 12 

Target-to-mask distance (A) 

between the control and imagery condi- 
tions (repeated measures analysis of vari- 
ance followed by Scheffe multiple compar- 
ison, P < 0.001). Another criterion was 
the distribution of minima points: Al- 
though in the control condition a mini- 
mum was observed almost equally likely at 
all target-to-mask distances, in the percep- 
tion and the imagery coriditions the min- 
ima were in 75 and 50% of the sessions, 
respectively, at 2 X  and 3X (Fig. 3). The 
differences between perception and imag- 
ery distributions were statistically not sig- 
nificant, whereas the differences between 
perception and control conditions were sig- 
nificant (Kolmogorov-Smimov test, P < 
0.005). as well as the differences between . . 
imagery and control conditions (Kolmog- 
orov-Smimov test, P < 0.05) (10). 

The imagery facilitation was found to 
be orientation-specific. When target and 
masks were orthogonal (vertical target 
flanked by horizontal masks), no facilitatory 
effect was observed in either vercevtion or 

L .  

imagery [at 3X, a threshold reduction of 
0.04 2 0.03 logarithmic unit in the percep- 
tion condition, as compared with 0.02 2 
0.01 in the imagery condition and with a 
threshold elevation of 0.01 2 0.04 in the 
control condition (mean 2 SE, n = 3 ob- 
servers)l. When observers were instructed , . 
to perform a mental rotation task (for ex- 
ample, imagining horizontal masks after 
perceiving vertical ones), the imagery facil- 
itation was significantly reduced. Moreover, 
when the horizontal masks in the percep- 
tion task were followed by mental rotation 
to vertical ones. no imaeerv facilitation was " ,  
obtained, indicating the necessity of previ- 
ous sensory activation ( 1  1 ). 

Additional experiments showed that 
the imagery facilitation was monocular. 
When the perception task was performed 
with one eye covered and the following 
imagery task with the other eye covered, 
there was no imagery-induced facilitation 
[at 3X. a threshold reduction of 0.2 ? 0.03 
iogarithmic unit in the perception condi- 
tion, as compared with a threshold eleva- 
tion of 0.03 5 0.02 in the imagery condi- 

Target-to-mask distance (A) 

Fig. 3. Distribution of minima points in perception, 
imagery, and control conditions, averaged across 
all observers. 
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tion and 0.04 ? 0.01 in the control con- 
dition (mean i SE, n = 3 observers)] 
(1 1 ) .  The necessity of matching between 
the sensory and the recalled stimuli for 
facilitation to occur imolicates an iconic 
storage of the former. Reducing the num- 
ber of trials in the oercention blocks to 10 

L L 

abolished the imagery effect, which sug- 
pests that the irnaeerv facilitation was not 
merely due to anYeffect of attention and 
indicates the need for repetition to create 
a lnernory trace ( 1 1 ). 

To quantify the temporal aspects of the 
memory involved in the imagery-induced 
facilitation, we tested the effect of various 
delay periods between the perception and 
imagery conditions. With short delay pe- 
riods (up to 5 min), imagery-induced fa- 
cilitation was obtained (Fig. 4A). Howev- 
er, with a delav of 10 min, no facilitation 
was seen. ~ h e s e  results suggest the in- 
volve~nent of a rnemorv svstern that stores , , 
the sensory trace for several minutes and 
that can be reactivated by higher level 
processes. 

To test whether "visual noise" could 
affect the sensory trace, we introduced a 
display composed of Gabor patches of ran- 
dom orientations and phases at the end of 
each block or at the end of each trial (Fig. 
4B). Although imagery facilitation still 
was detected when the visual noise was 
added at the end of each block (Fig. 1B), 

-0.4 I 
0 1 5 10 

Delay (min) 

0.2 
c .- - 

-. . 
Block Trial Surround 

A o Perception 
rn Imagery 

Control 

0 2 

Fig. 4. Tlme course and memory masking. (A) 
Relatlve enhancement (at 3h), as a function of 
delay periods between perceptlon and imagery 
tasks, averaged across three observers. (6) Rela- 
tlve enhancement (at 3h), In the presence of visual 
nolse, averaged across three observers. The visu- 
al nolse was introduced at the end of each block 
for 1 min, or at the end of each trial for 0.5 s, 
covering the entire display (see Fig. IB )  or the 
surrounding area (see Fig. IC ) .  

r .- 

no imagery effect was obtained when the 
visual noise was presented after each trial. 
When the visual noise covered only the 
surrounding area after each trial, leaving 
the location of target and masks intact 
(see Fig. 1C),  imagery facilitation was 
seen. In all cases, the addition of the visual 

B o Perception 
rn Imagery 

noise did not affect the perception en- 
hancement. These results suggest that the 
sensory storage is created during the per- 
ceptual task. The addition of visual noise 
after each trial interfered with the accu- 
mulation of the sensory trace and, hence, 
affected the observer's ability to recall 
the relevant Gabor patches during the 
imagery task. 

The main effect uncovereil by use of 
the lateral masking paradigm is the irnag- 
ery facilitation (12 ) ,  which shared the 
same characteristics with the perception 
facilitation (Figs. 2 and 3).  This paradigm 
has revealed the existence of facilitatorv 

- Control 

interactions between spatial channels', 
which were found to be monocular, orien- 
tation-specific, and spatial frequency-spe- 
cific (7, 8). We believe, therefore, that 
mental irnages can be interfaced with per- 
ceptual representations at early stages of 
visual information processing. Our data 
provide indirect support for the hypothesis 
that visual imagery activates the primary 
visual cortex (2 ,  4 ,  13). As the stimuli we 
used had no semantic significance, it is 
reasonable to infer that the facilitatory 
effect of visual imagery on perception was 
due to activation of early representations. 
Neuropsychological case studies have 
shown dissociation of visual imagery and 
visual perception (14), which suggests im- 
oair~nent at the level of activation of "in- 
ternal representations." Our results indi- 
cate, therefore, the existence of common 
representational structures that can sub- 
serve both perception (for instance, match- 
ing visual input to stored information for 
recognition) and image generation. 

The time course of the imagery facili- 
tation and visual noise experiments (Fig. 
4) exposed a lnemory system that is capa- 
ble of storing the sensory trace for several 
minutes. The stored information is acces- 
sible to higher level processes. Reactiva- 
tion by visual imagery can induce facilita- 
tion when the recalled images include fea- 
tures of the stored irnages, such as orien- 

u .  

tation and location, as well as the eye 
used. This stimulus-specific memory sug- 
gests that cortical cells that process the 
sti~nulus serve also as lnernory cells. Earlier 
studies have shown the involvement of 
Inonocular and orientation-specific cells 
in perceptual learning (15). It is possible 
that the lnemory system involved in im- 
agery subserves learning by enabling spa- 
tiotemporal associations across a time win- 
dow of few minutes (8). 
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