
COGNITIVE NEUROSCIENCE AND NEUROPSYCHOLOGY NEUROREPORT

0959-4965 & Lippincott Williams & Wilkins Vol 11 No 18 18 December 2000 3957

Cortical activation evoked by visual mental
imagery as measured by fMRI

Markus Knauff,1,CA Jan Kassubek,2 Thomas Mulack1,2 and Mark W. Greenlee3

1Center for Cognitive Science and 2Department of Neurology, University of Freiburg, Friedrichstr. 50, 79098 Freiburg;
3Department of Psychology, University of Oldenburg, Germany

CACorresponding Author

Received 12 September 2000; accepted 6 October 2000

One of the major controversies in cognitive neuroscience is
whether the primary visual cortex and nearby areas are
involved in visual mental imagery. In an fMRI study we
examined the brain activity of 10 healthy subjects under
different task conditions: in the perception condition subjects
saw complex geometrical shapes and had to decide whether
other highlighted stimuli fell inside or outside the ®gure. In the
imagery condition subjects saw only the highlighted stimuli and
were instructed to imagine the previously studied geometrical
shapes to solve the same task. Although the behavioral data
show a distance effect that would be expected based on

topographically organized mental images, the functional imaging
data do not show increased activity in the primary visual
cortex in the imagery condition. In the occipital cortex a
slightly increased activity was found only in the visual associa-
tion cortex (BA 19), whereas the highest activation was
observed in the parietal cortex (BA 7 and 40). The results of
the study do not support the assumption that the primary
visual cortex is involved in visual mental imagery, but rather
that a network of spatial subsystems and higher visual areas
appears to be involved. NeuroReport 11:3957±3962 & 2000
Lippincott Williams & Wilkins.
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INTRODUCTION
Visual mental imagery can be de®ned as the manipulation
of visual information that comes not from perception but
from memory. Consequently, one of the central research
issues on imagery is whether the primary visual cortex and
nearby cortical areas are activated by visual mental ima-
gery. The strictest form of imagery theories was introduced
by Kosslyn [1], who assumed that during mental imagery
the geometrical information of remembered objects and
scenes are processed in the primary visual cortex. Indeed,
this assumption is supported by a series of PET studies by
Kosslyn and colleagues, who found increased blood ¯ow
in Brodmann area (BA) 17, corresponding to the primary
visual cortex V1, during mental imagery of letters [2] and
objects in different sizes [3]. More recent support comes
from a combined PET and rTMS study in which subjects
compared properties of stripes [4]. Using fMRI, two studies
support the hypothesis that topographically organized
areas of the visual cortex are evoked by imagery. One
study compared sensorimotor and cognitive tasks and
reports a signi®cant increase of activation in the primary
visual cortex during imagery tasks [5]. The other study
(using a 4 T scanner) reports that the lateral geniculate
nucleus was activated during visual imagery processes in
the human brain together with V1 and other activation [6].

Other studies, however, did not ®nd evidence for activa-
tion in the primary visual cortex during visual imagery. A
PET study [7] did not ®nd increased activity in the visual

cortex when subjects recalled studied visual patterns.
Another series of fMRI studies investigated the cortical
activity during mental exploration of two-dimensional [8]
and three-dimensional scenes [9], and did not observe
signi®cant activation in the primary visual cortex. The
same result is reported in fMRI studies, which examined
cortical activity during image generation for cued words
and found no increased activity in the primary visual
cortex [10].

Based on these results, some authors argue that there is
a high degree of interaction between mental imagery and
other cognitive functions and that no unique cortical area
for visual mental imagery can be identi®ed [11].

In the following we report an fMRI study in which
subjects perceived geometrical shapes and afterwards had
to envisage the same ®gure to solve a matching task. First
we report some behavioral data followed by the functional
imaging data. At a ®rst glance, these sets of data seem to
be in contradiction to each other. In fact, however, they are
only incompatible within the strictest version of visual
mental imagery theories, but agree with more moderate
approaches.

SUBJECTS AND METHODS
Subjects: The subjects were 10 healthy male right-handed
volunteers (age range 27±41, mean 33 years). None had
any history of neurological or ophthalmological disorders.
All subjects had normal or corrected-to-normal visual



acuity. Informed consent was obtained in writing. All
subjects participated in a training experiment in which
they solved 24 tasks outside the scanner on a computer.

fMRI activation paradigm: The experiment consisted of
two repetitions of the experimental run. Each experimental
run lasted 369 s, during which a 16-slice volume was
imaged repeatedly (90 volume acquisitions, 4.1 s each). The
stimulation paradigm consisted of four different blocks: (1)
®xation of a cross on neutral background ('off' condition);
(2) visualization of a grid (baseline condition BC); (3)
visualization of a grid with a dark ®gure drawn into it
(perception condition PC); (4) visualization of an empty
grid, now with maintaining the ®gure from the perception
condition in mind and mental imagery of its form and
position (imagery condition IC).

A model of the sequence of blocks within one run is
shown as an inset in Fig. 1. Visual stimuli were projected
onto a rear-projection screen covering the rear end of the
scanner bore by an LCD projector. The subject lay on his
back in the scanner, looking up into a mirror in which an
image of the projection screen was re¯ected. The basic grid
stimulus was circular, consisting of ®ve circles with 10

spokes, thus resulting in 50 grid elements. The ®gures in
PC were presented in dark grey, consisted of 25 connected
elements each and were chosen to be as abstract as
possible. These ®gures had to be imagined in IC. Different
®gures were used in each block.

Subjects' performance was controlled for by an intra-
scanner behavioral test: one of the grid elements was
brie¯y highlighted every 4.1 s (six times during one epoch),
and subjects had to click a button as soon as they saw it
(BC) or had to decide via button-click if this grid element
fell on the perceived ®gure or not (PC). In IC subjects had
to decide if the grid element fell on the imagined ®gure. In
the stimulus material we varied the distance between the
highlighted grid element and the ®gure, resulting in three
different groups: inside the ®gure, outside close (touching
the ®gure at one edge at least) and outside far (at least
three grid elements between element and ®gure). This was
done to look for possible distance effects. Examples for the
stimulus presentations in one block, together with exam-
ples of highlighted grid elements, are given in Fig. 1.

MRI acquisition: Local variations in blood oxygenation
level dependent (BOLD) response were measured on a
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Fig. 1. Upper left: block design of an experimental run; upper right: acquisition volume; lower row: examples of the visual stimuli for the experimental
conditions off, baseline (BC), perception (PC) and imagery condition (IC), showing a highlighted grid element.
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1.5 T Vision scanner (Siemens) using susceptibility-based
functional magnetic resonance imaging, applying gradient-
recalled echo-planar imaging (EPI) sequences. Sixteen par-
allel 4 mm planes, positioned slightly oblique to the axial
plane and covering the parietal and occipital cortex (posi-
tion of the acquisition volume see Fig. 1, right upper row),
were imaged using a T2�-weighted sequence (TR 4100 ms,
TE 66 ms, FA 908, matrix 256 3 256 mm2, voxel 2 3
2 3 4 mm3).

Sagittal T1-weighted magnetization-prepared rapid-
acquisition gradient echo (MP-RAGE) images of the entire
brain (160 slices) were acquired for anatomical localization
of functional responses (TR 40 ms, TE 6 ms, FA 408, matrix
256 3 256 mm2, voxel size 1 3 1 3 1 mm3). Statistical maps
were transformed to the same resolution as the 3-D MR
data set by interpolation. Each individual brain was scaled
linearly to match the Talairach atlas [12], and Talairach
coordinates are reported for the center of each region of
interest (ROI).

Data analysis and statistics: The data were analyzed
and visualized using the BrainTools software package.
Preprocessing was performed as described in previous
publications [13,14]. Functional activation images were
constructed as pseudo-color overlays on the corresponding
T1-weighted anatomical slices. Only voxels were visualized
with correlation coef®cients . 0.5 (Pvoxel , 0.001 where
Pvoxel�probability of a false positive, per voxel). The
correlation values were then normalized to a Z-score
statistics. Responses in selected ROIs were statistically
analyzed to determine the relative magnitude of activation
across different stimulus conditions. Voxel clusters contain-
ing a minimum of 4 3 4 contiguous voxels were selected
and for the contrasts only ROIs were investigated in which
. 50% of subjects have shown reliable differences of activa-
tion (threshold: Z > 2.0). Analysis of variance with repeated
measurements was performed on the results of BOLD
responses in all ROIs. The activation level was indexed by
the standard deviation of the T2� signal. To weight this
activation by the extent to which it is correlated with the
stimulus time course, we multiplied the response by the
standardized correlation coef®cient [14]. Additional statis-
tical analysis (ANOVA for repeated measurements) was
performed on the ROI data using SPSS. Z-scores of the
functional activations were calculated from correlation
values, activation amplitudes and estimated degrees of
freedom, separated for hemispheres and Brodmann areas.
Behavioral data were analyzed for correctness of decision
and reaction times. For all statistical analyses the criterion
for signi®cance was set at the 0.05 level, and therefore all
reported results are at or beyond this level.

RESULTS
Behavioral data: Overall, subjects' performance inside
the scanner (86% correct, 875 ms) was slightly worse than
during the training phase outside the scanner (90% correct,
850 ms). By analyzing the PC and IC separately, we found
96% correct reactions in PC and 85% in IC inside the
scanner and 90% and 80% during the training, respectively.
In the following, only the data from inside the scanner are
reported, because the pattern of results in the training was
almost identical.

The percentages of correct reactions were modulated by
the distance between the ®gure and the highlighted grid
element: if the element was nearby the ®gure, subjects
made more errors than when it was far away. However,
this difference is statistically signi®cant only for IC (Wil-
coxon test; Z� 2.527; p , 0.012), whereas it did not reach
statistical signi®cance for PC (Wilcoxon test; Z� 1.141;
p . 0.15; Table 1).

The analysis of response latencies for PC and IC shows a
similar pattern of results. Again, subjects' performance was
modulated by the distance between the ®gure and the
highlighted element: when the element was nearby, the
response took more time than when it was far away (IC:
1124 ms vs 807 ms; PC: 775 ms vs 767 ms). These differences
are statistically reliable for for IC (t-test; t� 7.89; p , 0.001),
whereas it is not reliable for PC (t-test, t�ÿ0.243;
p . 0.809; Table 1).

Because these results ®t exactly with what one would
expect based on visual mental imagery, we can assume
that subjects indeed solved the tasks based on such a
strategy.

Functional imaging data: Statistical signi®cance was
reached for the main effect of the experimental conditions
off, BC, PC and IC (F(3)� 25.131, p , 0.001) and the inter-
action between experimental condition and ROIs
(F(3,15)� 8.829, p , 0.001), whereas there was no signi®-
cant interaction between hemispheres and experimental
conditions (F(3)� 1.496, p . 0.21).

Subsequently, we analysed the ROIs separately. In the
PC vs BC contrast an increase in activation was found in
the primary visual cortex (BA 17) and in the visual
association cortex (BA 18 and BA 19). In all these ROIs the
Z-scores were above the threshold of Z > 2.0.

The most important result is that in the contrast IC vs
BC only two out of 10 subjects showed activation in V1
(GOI and cuneus, BA 17) and that the Z-scores were very
low. Thus, there was no signi®cant increase in activation in
the primary visual cortex under the imagery condition
compared to the baseline condition. The activated ROIs,
number of subjects (n) showing activation and mean Z-
scores for the contrast IC vs BC are presented in Table 2.

Signi®cantly increased activation was found in the
superior parietal lobule (SPL) and parts of the precuneus
(PCu), summarized as BA 7, and in the inferior parietal
lobe (IPL, BA 40). Furthermore, BOLD effects were found
in the medial and inferior occipital lobe (GOM and GOI),
the human homologs of V2 and V3 corresponding approxi-
mately to BA 18 and 19, respectively. However, statistical
analysis of amplitudes of activation revealed high correla-
tion only for the parietal areas BA 7 and BA 40 and the

Table 1. Percentages of correct response and response latencies in PC
and IC as a function of the distance between highlighted element and
®gure. Only the differences in IC are statistically signi®cant.

Correct response Nearby Far

Perception (PC) 97% 99%
775 ms 767 ms

Imagery (IC) 78% 98%
1124 ms 807 ms
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visual association area BA 19 in IC vs BC, but not for BA
18 (nor for BA 17 as mentioned before; cf. Z-scores in Table
2). The mean activities in the relevant ROIs for the contrast
BC vs IC are depicted in Fig. 2. Fig. 3 shows representative
axial and coronal slices showing localization of activated
ROIs superimposed on anatomical MRI data sets.

DISCUSSION
The main issue that led us to conduct the present study
was to determine whether the primary visual cortex and
nearby areas of the brain are involved in visual mental
imagery. If so, there should not only be increasing activity
in BA 17 (and nearby areas) under perception conditions
but also under imagery conditions.

The ®rst important result derives from the behavioral
data. These data show exactly what would be expected
based on topographically organized mental images. What
we observed is the well-known symbolic distance effect,
namely that decisions are more dif®cult if the objects are
nearby, if they have similar sizes etc. [15]. Subjects made
more errors and the response took more time if the
highlighted objects were located nearby the geometrical
®gure than when it was far away. Interestingly, this result
was much more robust (and statistically signi®cant) under
the imagery condition than when subjects directly per-
ceived the ®gure. However, the main point in the literature
is that such distance effects have been taken as evidence
that people construct topographically organized mental
images and scan them to solve a given task [16]. (This
effect should not be confused with the prominent results
from Kosslyn's map scanning experiment, which is a
completely different task [17].)

However, the interpretation that our subjects con-
structed topographically organized mental images in pri-
mary visual cortex is not supported by the functional
imaging data. In fact, we found (slightly) increased activity
in BA 17 during imagery conditions for only two of 10
subjects and the Z-scores were very low. This result is in
agreement with other studies that also failed to ®nd such
activity [7±10].

The results suggest the existence of a con¯ict: on the one
hand the behavioral data is in perfect agreement with the
imagery literature in cognitive psychology. On the other
hand, the imagery interpretation is not supported by the
observed brain activities.

If imagery sensu stricto is not the appropriate interpreta-
tion, how else can the performance of our subjects and the
observed distance effect be explained? At this point it is
necessary to come back to the (bilaterally) increased
activity in the superior parietal lobule and precuneus,
summarized as BA 7, and in the inferior parietal lobe (IPL,
BA 40). Behavioral data [18,19], as well as neuropsycholo-
gical [20] and brain imaging studies [21], indicate that
spatial and object information are computed in dissociable
subsystems and this seems to be the case for perception as
well as for higher cognitive functions. According to this
framework parietal areas are part of the dorsal occipito-
parietal pathway [22], and it was shown that they are

Table 2. Activated ROIs (anatomical localizations and Brodmann area together with mean Talairach coordinates, separated for the left and right
hemisphere), number of subjects N showing Z > 2.0 activation in the contrast IC vs. BC, and mean Z-scores.

Localization BA Hemisphere n (/10) Mean Talairach coordinates of centers of activation Mean Z-score
(R/L) (IC vs BC)

x y z

Superior parietal lobule/precuneus 7 R 9 14 ÿ76 45 2.4
L 8 ÿ11 ÿ75 46 2.5

Gyrus occipitalis inferior/cuneus 17 R 2 4 ÿ94 ÿ7 0.0
L 0 ÿ14 ÿ92 ÿ1 0.5

Gyrus occipitalis inferior 18 R 1 25 ÿ92 ÿ7 0.4
L 2 ÿ26 ÿ89 ÿ3 0.9

Gyrus occipitalis medius/gyrus 19 R 6 26 ÿ86 24 2.2
temporalis inferior L 6 ÿ28 ÿ81 27 2.4

Inferior parietal lobe 40 R 4 44 ÿ46 47 2.1
L 7 ÿ41 ÿ49 48 2.3
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Fig. 2. Relative activation level of the analysed ROIs (Brodmann areas
7, 17, 18, 19 and 40) in the contrast BC vs. IC. Values are indexed by the
standard deviation of the T2� signal multiplied by the standardized
correlation coef®cient. The results are pooled for both hemispheres and
show the mean values for 10 subjects.
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activated during spatial perception [23], spatial attention
[24] and in spatial working memory [21].

Indeed, the behavioral data obtained in the present
study can be explained as a result of purely spatial
processes or representations were. According to this inter-
pretation the presented ®gures were maintained in spatial
working memory, and no involvement of the primary
visual cortex was necessary. In this context it was recently
argued that such results do not falsify the theory that the
primary visual cortex is involved in imagery [25]. The
authors argue that most of the studies that failed to ®nd
such activity used spatial tasks, whereas none of the stud-
ies that found activity in the primary visual cortex used
such tasks. Accordingly, the authors believe that the
involvement of early visual areas depends on the spatial
resolution of the tasks. As mental images become increas-
ingly vivid the authors think they come more and more
closely to percepts, resulting in V1 activity [25]. However,
from our point of view this cannot provide a satisfying
explanation for the obtained pattern of results, because the
materials were extremely complex shapes that had to be
processed with a high spatial resolution to solve the tasks.
One could argue that the source of activity in the spatial
areas of the brain is due to the stimulus presentations in a
grid. Maybe in this case subjects have a tendency to encode
the ®gures as positions of shaded elements in a grid.
However, this explanation is unlikely based on the beha-
vioral data and moreover from the perspective of working
memory capacity. If it was true, subjects would encode 25
positions in the grid, a number that far exceeds what is
known about spatial working memory capacity [18].

CONCLUSION
The behavioral data of the present study support the
assumption that subjects indeed solved the tasks with a
strategy that can be called mental imagery on the cognitive
level. Nevertheless, we did not ®nd any signi®cant activa-
tion in the primary visual cortex. Instead, we found
signi®cantly increased activation in the parietal cortex (BA

7 and 40), as well as in the visual association cortex (BA19).
From these results we conclude ®rst that the primary
visual cortex is not necessarily involved in visual mental
imagery. This result is in agreement with the majority of
published studies on visual imagery. Second, a high spatial
resolution of the envisaged ®gures does not support the
involvement of early visual areas. The main advantage of
the present study is that the used materials consisted of
very complex geometrical shapes that, if any, should favor
vivid visual images. Third, higher visual areas and the
occipito-parietal pathway of the human brain play a central
role in visual mental imagery. These regions are not only
well known for being responsible for the processing and
encoding of spatial information (from perception and from
working memory) but also as an interface between visual
processes and other cognitive functions.
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