Mental Imagery and the Visual System
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What is the relation between mental imagery and visual perception? Recent work
suggests the two share many of the same neural processes in the human visual system,

Ronald A. Finke
March, 1986

images of an object that resemble the object’s

actual appearance. The act of constructing
such images often produces visual sensations that
seem quite realistic, Imagine, for example, that you
are looking at an elephant. Does it have a curved
trunk? What color are its tusks? How big are its
eyes? Most people contend they attempt to answer
such questions by "inspecting” a mental image in
much the same way as they would inspect a real
elephant.

These informal observations about imagery natu-
rally lead one to consider the extent to which imag-
ery and visual perception might be related. They
suggest in parficular that mental imagery may in-
volve many of the same kinds of internal neural
processes that underlie visual perception, a possibil-
ity that would have important theoretical and prac-
tical implications. If it could be established, for in-
stance, that mental imagery shares with wvisual
perception common neural mechanisms in the
human visual system, one could begin to establish
just how imagery may interact with visual percep-
tion. This would make it possible to explore the
various ways imagery could function to facilitate,
enhance or even substitute for visual perception, as

P eople often report that they can form mental

the art—by a blind woman—in Figure 121
suggests.

For the past 10 years my colleagues and | have
been developing techniques for investigating the
functional relation between mental imagery and vi-
sual perception. Because experimental subjects can
often guess what ought to happen in an imagery
experiment, we have striven to make our techniques
precise enough to reveal subtle correspondences be-
bween imagery and perception. Our work has re-
vealed that mental images display a much richer
variety of visual properties than had been pre-
viously thought, but also that imagery differs from
perception in certain respects.

hrough introspection one can recognize that
features of a mental image formed at a small
size or a far distance are harder to distinguish than
features of an image formed at a large size or a near
distance. Try, for example, to imagine an ant on a
newspaper several feet away and then on the tip of
a toothpick directly in front of your eyes. You
should be able to mentally “'see” many more of the
ant's features (such as its head and body segments)
when you imagine it at close range.
Stephen M. Kosslyn of Harvard University ex-




it

e e

£ S N

B

180 » RONALD A, FINKE

—

"
- #

Figure 121 WATERCOLOR LANDSCAPE was painted by
a blind Scotswoman who works from her mental images.
The artist, Carolyn James, suffers from a particularly acute
form of the eye disease known as retinitis pigmentosa,
Mow in her forties, she was registered blind at 21, To paint

plored this relation between image size and feature
resolution by employing simple reaction-time tech-
nigues. He found that the features of an imagined
animal, such as the eyes and ears of a cat, could be
detected more quickly when subjects were in-
stricted to fashion relatively large images or assume
a relatively close vantage, The experiments were
inspired by the common observation that features

she lines up 24 watercolor jars in front of her in a memo-
rized order. She moves from section o section on the
paper, determining what she has just finished by detecting
the moisture with her fingertips. Her watercolors are typi-
cally composed of six lavers of paint.

of real physical objects can be detected faster when
they are viewed from a closer distance.

More recently Howard 5. Kurtzman and 1 have
done experiments at Cornell University to measure
precisely how well the features of objects can be
resolved, or distinguished, in imagery and in per-
ception, We were particularly interested in how the
size of the features, their spacing and their position
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in the visual field affected resolution, or the ability
to distinguish among details. We predicted that
across all these variations visual resolution in men-
tal imagery should match the resolution in per-
ception.

Resolution in visual perception falls off contin-
ually as one observes an object at locations progres-
sively farther from the point of eye fixation. The
amount of detail that can be distinguished is not the
same in all directons, however, As a rule resolution
decreases more slowly along the horizontal axis of
the visual field than along the wertical axis, and
more slowly below the point of fixation than above
it. It 15 also known that bar gratings become harder
to resolve as the gratings become increasingly finer
—more precisely, as their fundamental spatial fre-
quUEncy increases.

Our method for measuring limits of resolution
in mental imagery was based on certain tech-
niques common to visual psychophysics. Initially
we showed our subjects a flat disk whose upper half
was filled with a seres of vertical bars and whose
lower half was filled with a series of horizontal bars.
The bars in both gratings were the same width. We
then instructed our subjects to form a mental image
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of the disk and to project the image on the center of
a screen directly in front of them (see Figure 12.2).
On the screen eight lines extended radially out from
the center. The subjects indicated how far they
could look away from their images along each of the
lines on the display before they could no longer tell
the two halves of the imagined pattern apart. They
reported that the gratings appeared fuzzy and indis-
tinct as they were imagined farther into the visual
periphery and then could no longer be distin-
guished beyond a certain point. For comparison, the
same judgments were also obtained in a perception
condition, in which the same disk was actually pro-
jected on the center of the screen in front of the
subjects,

We repeated the experiment for each of three
disks. The bar widths of the second disk were three
times thinner than those of the first; those of the
third were three times thinner than those of the
second. On the average the fields of visual resolu-
tion -decreased in size with increasing spatial fre-
quency (decreasing bar width), and they were vir-
tually identical whether the gratings had been
imagined or observed. The imagery and the percep-
tual fields were also very similar in shape: resolu-
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Figure 12.2 CONSTRAINTS on visnal resolultion were
measured by three patterns (bottom left). Subjects pro-
jected their mental images of each pattern onto the center
of a large display (top left), then indicated how far they
could look away from their images along cach of the eight
lined on the display before they could no longer tell the
two halves of the imagined patterns apart. The fields of

visual resolution decreased with increasing spatial fre-
quency, or decreasing bar width (colored line, middie),
These fields were ¢longated horizontally and larger below
the direction of gaze than abowe it (colored shape, right),
Similar results (black (fme, middie: black shape, right) were
obtained when the patterns were actually projected on the
display.
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tion decreased more slowly along the horizontal
axis than along the vertical axis, as well as more
slowly below the point of fixation than above it,

We then did a control experiment in which we
showed a different group of subjects the original set
of three disks and asked them to predict the image-
resolution fields, Their predictions differed consid-
erably from what we had observed, arguing against
a tmvial “guessing” explanation of our original
findings.

We interpret the results as evidence that pattern
discrimination in imagery is constrained in much
the same way that it is in visual perception. We
propose in addition that these mutual constraints
are probably imposed at the pattern-processing
levels of the visual system, where the properties of
certain neural mechanisms may limit the ability to
resolve small or narrowly spaced visual features.
Kurtzman and [ have done other experiments that
are consistent with this result. We found no corre-
spondence between judgments of images and judg-
ments of objects involving differing amounts of vi-
sual contrast, or relative brightness, among features.
These aspects of perception are thought to be con-
strained by more primitive kinds of neural processes
operating below the levels at which pattern process-
ing takes place.

ur image-resolution findings were based on

mental images of Hat, two-dimensional pat-
terns. Mental imagery is typically three-dimen-
sional, however; it depicts how objects look in
depth as they are viewed from various vantages.
When most people imagine their living room, for
instance, they can mentally “see” that certain pieces
of furniture are in front of others, depending on
where in the living room they imagine themselves
to be.

To investigate the three-dimensional properties of
images, Steven Pinker and [ asked subjects to form
and mentally rotate images of a configuration of
objects in space. When one actually looks at a three-
dimensional configuration of objects from different
perspectives, the objects are usually seen to shift
their relative position in depth as the viewer moves
or as the configuration is rotated. Recall, for exam-
ple, times when you may have watched people rid-
ing on a merry-go-round. You probably noted that
the people would appear to shift their locations in
refation to your vantage as the merry-go-round
lurned, perhaps forming familiar two-dimensional
patterns at certain moments in much the same way
that a constellation of stars often forms flat, recog-

nizable patterns. In our experiments, which we did
at Harvard, we were particularly interested in find-
ing out whether similar kinds of patterns would
appear to emerge when subjects imagined looking
at a rotated configuration of objects. The results
indicate striking similarities.

We asked our subjects first to learn the locations
of four small plastic animals suspended at different
heights in a transparent cylinder, and then to form
mental images of them after they were removed (see
Figure 11.3). We next rotated the empty cylinder 90
degrees and instructed the subjects to draw the
imagined configuration as it now appeared from the
new vantage. If they had imagined and rotated
the animals with perfect accuracy as we rotated the
cylinder, the animals would have seemed to form a
parallelogram,

In every case the subjects’ drawings revealed that
their rotated mental images had depicted a pattern
closely resembling the parallelogram, even though
the appearance of the objects from the original
viewing direction did not suggest that this particular
geometric form would emerge. Curiously, there
were small but systematic distortions in the draw-
ings. The nature of the distortions suggested that
the mental rotations had been less than perfectly
accurate.

An explanation of these small distortions was
suggested by another experiment, in which the sub-
jects manually rotated the cylinder in order to align
pairs of the imagined animals vertically. To our sur-
prise we found that the subjects aligned the imag-
ined animals by consistently rotating the cylinder
less than was necessary when the animals were
physically present. In other words, the subjects had
mentally rotated their images ahead of their manual
rotation of the cylinder. This tendency to advance
an image ahead by small amounts accounted for the
minor distortions we had found in our subjects’
drawings of the emergent patterns. The experiment
thus strengthened our contention that people can
accurately imagine the visual perspectives offered
by three-dimensional displays. Mereover, it enabled
us to measure properties of mental imapges that
naive subjects would not ordinarily expect,

S howing that subjects cannot guess the outcome
of an imagery experiment does not, however,
rule out the possibility that their performance could
be based on unconscious knowledge about changes
in the visual appearance of objects —knowledge
that could indirectly influence judgments about
images. One method for addressing this problem is
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Figure 123 THREE-DIMENSIONAL PROPERTIES of
mental images were explored. Subjects first Tearned the
locations of four plastic animals suspended in a transpar-
ent cylinder and formed mental images of them. As the
emply cylinder was rotated %0 degrees, the subjects rotated
their mental images (left), Their drawings of the pattern
were fairly accurate but showed small, systematic distor-

to have subjects imagine events so atypical or un-
natural that the events could not have been pre-
viously experienced. If under these conditions be-
havioral responses obtained from imagery sHil
correspond to those obtained from perception, the
imagery performance could not be attributed to the
influence of earlier perceptual experiences,

In a series of experiments I carried out at the
Massachusetts Institute of Technology, I attempted
to provide this kind of evidence for the functional
value of imagery by considering the possible role
images might play in prism adaptation. Optical
prisms displace the apparent location of objects. A
large body of research has shown that people
quickly adapt to observing the world through such
prisms provided they can move about and note their
errors. When the prisms are removed following
adaptation, people proceed to make errors of move-
ment in the opposite direction, reflecting changes in
their visual-motor coordination. My experiments
demonstrated that prism adaptation can occur even
when people point at a target and merely imagine
they are making errors of movement like those typi-
cally induced by displacement prisms.

The subjects in my experiments wore special
glasses containing optical prisms. [ asked the sub-
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tions. In a control experiment, to align pairs of the imag-
ined animals vertically {midile), subjects rotated the cylin-
der manually by a consistently smaller amount (cofpred
fime, right) than they did in a test with the animals present
(black lire, right), The subjects had mentally rotated their
images ahead of their manual rotabon of the cylinder,

jects in one group to extend their fght arms and
point to a red marker positioned at eve level on a
table in front of them. Owing to the effect of the
prisms they at first pointed about five centimeters to
the right of the marker, Since the prisms displace
everything in the field of view, once the individuals
had extended their arms they could see their errors
and correct for them during a series of subsequent
attemnpts (see Figure 12.4),

I measured and averaged the errors over consecu-
tive groups of trials and then displayed the averape
error locations with three markers. The markers
were for the use of 3 second group of subjects
known as the imagery subjects. These subjects also
wore the special glasses, but the area between them
and the table holding the markers was covered bya
board so that they could not see the fingers of their
outstretched arms. [ instructed the imagery subjects
to point to the red marker while looking through the
prisms and then to imagine they saw their pointing
finger arrive under the appropriate error marker as
soon as their arm was fully extended.

The error markers, in other words, ensured that
the imagined errors would correspond to the aver-
age pointing errors made by the frst group of sub-
jects. I also included a third group of subjects as
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Figure 12.4 PRISMS DISPLACE
the apparent location of an object.
Subjects wearing glasses contain-
ing such prisms were told to point
to a target (colored marker, top
row). They first pointed to the

CONDITION

POINTING ERROR (CENTIMETERS)
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right of the marker (gray murker),
but once they had extended their
arms, they could see their fingers
and correct for the error in succes-
sive attempts (markers 1-3) The
markers were then used by a sec-
ond group of subjects wha wore
the special glasses but could not
see their fingers (second row)
Their task was to imagine that
they saw their pointing finger ar-
rive under the appropriate erroc
marker, Subjects in a control
group pointed o the colored
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controls, The individuals in the control group
pointed to the red marker without having the bene-
fit of either observing their errors or being told to
imagine them.

Only the subjects in the perception and imagery

marker without being able to ob-
serve their errors, The graph (bot-
fom) gives the results.

conditions showed a significant reduction in point-
ing error. Moreover, their rates of adaptation were
similar. The results for pointing aftereffects, which
take place when the glasses are removed, provide
additional support for a functional equivalence be-
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tween observed and imagined errors. Although the
aftereffects in the imagery condition were smaller
than those in the perception condition, the subjects
in both groups pointed to the left of the red marker
when normal viewing conditions were restored, 1
also found evidence of intermanual transfer: the
subjects not only pointed to the left with their right
hand (the “adapted” hand) but also pointed to the
left with their left hand (the “unadapted” hand).

The findings have several implications, First, it is
highly improbable that the subjects could have pre-
dicted the adaptation and transfer characteristics of
prsm-induced changes in their visual-motor coordi-
nation. It also seems unlikely that they could have
had any related kinds of visual experiences provid-
ing them with unconscious knowledge of such ef-
fects. Second, the findings show that mental imag-
ery can produce certain changes in visual-motor
coordination that persist even after the images are
no longer formed. They also suggest that the utiliza-
tion of mental imagery to precipitate such changes
may have important practical applications. Profes-
sional athletes, for example, often report they find it
helpful to rehearse their performance mentally; in
the light of these experiments it is reasonable to
expect that the success of such techniques depends
on the clarity and accuracy with which the perform-
ance s imagined.

he research findings [ have discussed so far

illustrate many ways mental images can corre-
spond functionally to physically perceived objects
and events. A question of greater practical signifi-
cance is whether mental imagery can directly facili-
tate ongoing perceptual processes, assuming that a
functional equivalence occurs. Given that similar
constraints are imposed on visual resolution in im-
agery and perception, would it be possible, for in-
stance, to see an object more quickly if an appropri-
ate mental image of the object were formed in
advance of its actual appearance?

As proposed some 10 years ago by Ulric Neisser
and Lynn A. Cooper, then at Cornell, and Roger N,
Shepard of Stanford University, the process of
forming a mental image can serve a perceptual an-
Heipatory function: it can prepare a person to re-
celve information about imagined objects. Mental
imagery may therefore enhance the percephon of
an object by causing the selective priming of appro-
priate neural mechanisms in the visual system. In
other words, forming a mental image of an object
might initiate certain neural events that are equiva-
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lent to those occurring at the moment the object is
seen, thereby facilitating the perceptual process.

If an abject appears that is different from the one
imagined, however, the formation of the image
might interfere with the normal operation of the
visual system, Suppose, for instance, that you are
flying an airplane through a cloud. You might see
the runway sooner if you were to imagine it in
advance at its proper location. If, on the other hand,
you imagined the runway at a different location,
you might take longer to see it correctly than if you
had not imagined it at all.

Some recent experiments [ did at Stanford help to
clarify the practical relation between image forma-
tion and object perception. In one of the experi-
ments subjects indicated whether they saw either a
horizontal bar or a vertical bar on a circular screen,
These two alternative bars were known as target
bars. I told the subjects to form, in advance, 4 men-
tal image of an identically shaped bar orented
somewhere between the hodzontal and the vertcal,
or to form no mental image. In each tdal, therefore,
one of the two altemnative target bars was super-
posed on an imagined bar (in those cases where a
bar was imagined). T recorded the reaction time for
identifying the target bar as a function of the rela-
live alignment between it and the imagined bar. The
reaction tmes for the no-image trials served as a
baseline measure.

The subjects made the quickest bar identifications
when the imagined bars were closely aligned with
the target bars, within a range of about 10 degrees.
As the angle between the imagined and the target
bars was increased to 45 degrees the identification
time also increased. For angles greater than 45 de-
grees the ime decreased once again. In other words,
the maximum interference in identification took
place when the bars had been imagined to lie ex-
actly in between the two possible target orien-
tabions.

Why did the reaction times simply not increase in
direct proportion to the degree of misalignment be-
tween the imagined and the target bars? One reason
is that the subjects’ selection of responses could
have been based on a comparison between the
mental image and the target. If the image matches
the target, the response corresponding to the image
orientation is quickly selected. If the image and the
target differ by 90 degrees, the comparison indicates
that the response opposite to the one corresponding
to the image orientation is correct. If the imagined
bar is in between the two target orientations, how-
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ever, the comparison becomes confusing and the
image interferes with the decision process.

second experiment supports this explanation.
[n it | instructed the subjects to indicate as
quickly as possible whether either of the two target
bars appeared. In the previous experiment they had
to distinguish between the two targets; in this case
they only had to detect the presence of any target,
without having to identify it. The results of this
experiment clearly show that mental imagery did
niot affect simple detection judgments under those
conditions. It seems, therefore, that even though
image formation may influence the identification of
visual patterns, it may not influence the more ele-
mentary process of simply detecting any stimulus
change.
Additional experiments that [ennifer |. Freyd and
[ carried out at Stanford provide evidence for a kind
of image facilitation that cannot be explained on the
basis of response selection, In these experiments we
studied the effects of forming a mental image that
could serve as a helpful or unhelpful visual context
for making difficalt length discriminations. We pre-
sented our subjects with patterns consisting of two
straight lines that formed a simple cross and asked
them to indicate which line was longer. At the be-
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Figure 12.5 DISCRIMINATION TASK was assisted by
mental imagery. Subjects were asked 1o determine
whether a horizontal or a verlical line was the longer. In
condition a the subjects looked at a fixation point and were
then shown the two lines centered at that point. In b they
were first shown four dots surrounding the fixation point.

ginning of certain trials we told the subjects to form
an image of an outlined square, which if actually
superposed on the center of the line pattern would
have enhanced the small differences in the lengths
of the lines. During other trials we told the subjects
to form an image of an X {the endpoints of which
corresponded to the four comers of the imagined
square), which would presumably not have been as
useful for making the discriminations (see Figure
12.5).

We found that forming a mental image of the
helpful context pattern (the square) reduced the
tme needed to make the length discriminations
compared with the time required when the unhelp-
ful pattern (the X) was imagined or when subjects
were not told to form images. Moreover, the effects
were similar to those obtained when the same con-
text patterns were actually presenied,

We also found that subjects often chose to imag-
ine the helpful context pattern when they were
presented with positional cues they could use to
imagine either pattern. Since the context patterns
themselves could not have biased the selection of
the two response alternatives, this type of image
facilitation could not have resulted from an internal
matching or response-selection process. Instead it
may be due to 2 mental synthesis of real and imag-
ined features at some higher level of the visual

In ¢ they were shown the same dots as in b and were asked
to form a mental image of a square frame connecting them.
In « they were asked to form an image of an
» through the four dots. The greatest facilitation in the
length-discrimination judgments came from imagining the
square frame in advance.
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system— where the addition of contest information
can enhance differences among objects that are
being compared.

In each of the techniques described up to this
point experimental subjects were told explicitly to
form some kind of mental image. A possible diffi-
culty with this procedure is that it may encourage
the subjects to try to perform as they would in a
corresponding perceptual task, thinking that is what
they are supposed to do. Although the problem can
be largely avoided by attempting to measure subtle
or unexpected perceptual effects, an even better
way is to show that images can be formed sponta-
neously for some specific purpose even when no
imagery instructions of any kind are given.

The importance of these considerations follows
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from early studies done by Kosslyn and Pinker on
mental-image scanning, They asked subjects to in-
spect a configuration of objects (such as landmark
items drawn on a map), form a mental image of the
configuration and “focus in”" on one of the objects.
The investigators then named a second object and
told the subjects to mentally scan along a direct path
from the first object to the second. Kosslyn and
Pinker consistently found that the time required to
complete the mental-image scanning was directly
proportional to the original physical distance be-
tween the objects, and they therefore concluded
that mental images preserve the spatial characteris-
tics of a physical display.

Their findings have been criticized because it
would not be hard for experimental subjects to fig-
ure out that greater distances should require longer
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IMAGE -SCANNING DESTANCE [CENTIMETERS)

Figure 12.6 MENTAL IMAGES can be exploited to: scan
patterns. Subjects were first shown a dot pattern (1) and
then an arrow in the same field, Their task was to deter-
mine if the arrow was pointing to any of the previously
seen dots. They reported that in order to make the judg-
ment they had to generate an image of the dot pattern (2)

and then scan the image along the direction indicated by
the arrow to see if any of the dots would be intercepied (3).
The graph shows that the larger the distance between dots
and arrows was, the longer it ook a subject to make the
judgmuent. The dependence of reaction time on distance
provides evidence for a process of image scanning,
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scanning times, Pinker and [ have since developed a
task that seems to avoid this problem by requiring a
subject to form mental images and scan them with-
out explicit directions to do so. After they had in-
spected a dot pattern, our subjects were shown an
arrow and were asked to indicate whether it pointed
at any of the previously seen dots. We had predicted
that, in order to see if any of the dots would be
intercepted, the subjects would have to scan a men-

tal image of the pattern along the direction specified
by the arrow (see Figure 121.8).

The experiment turned out to be successful. The
decision tmes increased linearly as distance along
the scan path between the arrows and the daots
increased. Moreover, nearly all the subjects reported
that in order to perform the task they had to form
and scan a mental image of the dot pattern. We thus
showed that mental-image scanning can be usefu]
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Figure 12.7 MENTAL IMAGERY may influence visual
perception. Perception of an object is a result of neural
activation within a sequence of information-processing
stages in the visual system, beginning at the retinal lavel
{top). image formation is determined by the knowledge a
person has about the features of the object; presumably it
accurs at the very highest levels. Once formed, an image

may affect neoral mechanisms, at Intermediate visual
levels, that are responsible for feature discrimination and
other more complex types of analyses, perhaps modifying
perception of the object. Mental imagery probably does not
influenee visual levels below those concerned with feature

discrimination.
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whenever it is necessary to anticipate the conse-
quences of moving along a particular path from a
given starting point.

Suppose you were trying to fgure out where a
billiard ball would come to rest on a billiard table
after you had aimed it in a certain direction. Even if
you could not actually roll the ball across the table
or determine the answer mathematically, you could
still imagine what would happen by mentally fol-
lowing the motion of the ball and its reflections off
the cushions. Cooper and Shepard have reported
related findings for the imagined consequences of
rotating objects [see “Tuming Something Over in
the Mind,” by Lynn A, Cooper and Roger N. Shep-
ard; ScienTiFic AMERICAN, December, 1984].

I n the light of these studies it seems reasonable to
propese that whenever imagery and perception
share common neural mechanisms in the visual sys-
tem, imagery could facilitate the perceptual pro-
cesses those mechanisms support. One should
therefore seek to determine the lowest visual levels
at which such mechanisms may be shared. If visual
pattern perception, for instance, is conceived of as
invelving an orderly sequence of information-pro-
cessing stages ranging from the lowest to the high-
est levels of the visual system, one might begin by
trying to discover how far down in this sequence
image formation can influence the underlying
mechanisms (see Figure 12.7).

Starting at the very lowest, or retinal, level, where

MENTAL IMAGERY AND THE VISUAL SYSTEM - 189

the most primitive types of information-processing
mechanisms are found, one would not expect men-
tal imagery to have much effect. Nor would mental
imagery be expected to alter information processing
at precortical levels, where mechanisms are respon-
sible for detecting changes in brightness or contrast.
Unly at the somewhat higher levels responsible for
pattern discrimination (as in the visual cortex) does
one begin to find evidence that mental images can
influence perception. At still higher levels the evi-
dence is strong that imagery can influence per-
ception.

Finally, at the very highest levels one may assume
that perceptual processes interact with more ab-
stract processes having to do with knowledge about
and understanding of physical objects. Here it is
helpful to make a distinction between the form and
the function of a mental image. When a person
decides to create a mental image of a particular
object, the kind of image that can be fashioned
depends on the knowledge the person has about the
object, such as its size, color and shape, Then once
the image is formed it can begin to function in some
respects like the object itself, bringing about the
activation of certain types of neural mechanisms at
lower levels in the visual system. Accordingly,
whatever constraints such mechanisms put on the
quality of one's perception of the ohject are also
placed on the quality of one’s mental imagery. In
this way mental images may come to acquire visual
characteristics and may serve to modify perception
itself.
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