
Citation: Motoyama, H.; Hishitani, S.

The Neural Basis of a Cognitive

Function That Suppresses the

Generation of Mental Imagery:

Evidence from a Functional Magnetic

Resonance Imaging Study. Vision

2024, 8, 18. https://doi.org/10.3390/

vision8020018

Received: 20 February 2024

Revised: 28 March 2024

Accepted: 5 April 2024

Published: 10 April 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

vision

Article

The Neural Basis of a Cognitive Function That Suppresses the
Generation of Mental Imagery: Evidence from a Functional
Magnetic Resonance Imaging Study
Hiroki Motoyama 1,* and Shinsuke Hishitani 2

1 College of Humanities and Social Sciences, Ibaraki University, Mito 3108512, Japan
2 Emeritus Professor of Psychology, Hokkaido University, Sapporo 0600810, Japan; hishitani@gol.com
* Correspondence: hiroki.motoyama.m@vc.ibaraki.ac.jp

Abstract: This study elucidated the brain regions associated with the perception-driven suppression
of mental imagery generation by comparing brain activation in a picture observation condition with
that in a positive imagery generation condition. The assumption was that mental imagery generation
would be suppressed in the former condition but not in the latter. The results show significant
activation of the left posterior cingulate gyrus (PCgG) in the former condition compared to in the
latter condition. This finding is generally consistent with a previous study showing that the left PCgG
suppresses mental imagery generation. Furthermore, correlational analyses showed a significant
correlation between the activation of the left PCgG and participants’ subjective richness ratings,
which are a measure of the clarity of a presented picture. Increased activity in the PCgG makes
it more difficult to generate mental imagery. As visual perceptual processing and visual imagery
generation are in competition, the suppression of mental imagery generation leads to enhanced visual
perceptual processing. In other words, the greater the suppression of mental imagery, the clearer
the presented pictures are perceived. The significant correlation found is consistent with this idea.
The current results and previous studies suggest that the left PCgG plays a role in suppressing the
generation of mental imagery.

Keywords: mental imagery; visual perception; vividness; richness; suppression; posterior cingulate
gyrus

1. Introduction

What processes are involved in the generation of mental imagery? Most imagery
researchers agree that conscious mental imagery is represented in the image construction
stage through transformations applied to information retrieved from long-term memory
(LTM) [1–6]. Kosslyn (1980; 1994) referred to the image construction stage as the visual
buffer, stating that images formed in that buffer on the basis of information from LTM are
mental images, whereas images formed in that buffer on the basis of information from the
outside world are visual perceptual images [2,7]. This definition suggests that the image
construction stage is a common process within mental imagery and visual perceptual
imagery processing. This claim has been supported by numerous studies showing a
competitive relationship between the visual perceptual process and the generation of visual
imagery [8–22]. This is because these two processes share a common process, such that
carrying out one process disrupts the other, resulting in competition. If this is the case, then
for us to act adaptively, we would need a mental function that suppresses one process by
not forming mental images while visual perceptual images are actively being formed, or
vice versa, such as not forming visual perceptual images while mental images are being
formed. Kosslyn (1987) suggested that visual hallucinations are produced when memory
inputs from LTM to the visual buffer are strong enough to overwhelm perceptual inputs.
If this is correct, then a function that suppresses imagery generation so as not to produce
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visual hallucinations may be active as we construct the visual world in everyday life [23].
The current study investigates the neural basis that directly supports the existence of this
perception-driven imagery suppression mechanism.

Motoyama and Hishitani (2016) demonstrated the imagery suppression mechanism in
a research context that was slightly different from that used in the present study [24]. They
conducted an experiment to locate brain regions that are associated with the suppression
mechanism for negative imagery generation. Previous studies have reported that the vivid-
ness of mental imagery varies according to the emotional valence of the imagined object,
such that negative imagery is more vague than positive imagery [24–26]

1
. Participants in

the above studies were simply asked to intentionally generate positive or negative imagery,
but they were not instructed to intentionally control the vividness of the imagery, regardless
of whether the imagery generated was positive or negative. Although the participants
did not intend to generate vague negative imagery or vivid positive imagery, negative
imagery was more vague than positive imagery. Hishitani (1995) and Hishitani et al. (2011)
argued that, when the emotional valence of an object or an event is negative, imagery
generation processing is suppressed because generating vivid negative imagery is stressful.
As a result, the mechanism that suppresses negative imagery generation is activated during
negative imagery generation, and negative imagery becomes more vague than positive
imagery [1,27]

2
.

Motoyama and Hishitani (2016) attempted to identify the brain areas in which acti-
vation is significantly greater during negative imagery generation than during positive
imagery generation, as they expected the suppression of mental imagery generation to
be more active during negative imagery generation than during positive imagery genera-
tion [24]. They first showed that imagery generated in a positive condition was rated as
more vivid than imagery generated in a negative condition. They then showed significantly
increased activation in a part of the left posterior cingulate gyrus (PCgG) during the nega-
tive imagery generation condition compared to the positive imagery generation condition.
In addition, the activity in this region was negatively correlated with the vividness of the
negative imagery generated. That is, the greater the activity in this region, the less vivid
the images in the negative imagery condition. If the left PCgG functions as a suppressor of
the generation of mental imagery, especially negative imagery, then the results would be
consistent with the following explanation: An increase in PCgG activity during negative
imagery generation indicates a stronger suppressive function in the negative imagery
condition. Therefore, the higher the activity of this brain area, the lower the vividness of
negative imagery. These findings suggest that some areas of the left PCgG are involved in
the emotion-driven suppression of imagery, which prevents the generation of imagery to
avoid negative emotions. Furthermore, there was no correlation between PCgG activity and
the vividness of positive imagery. This was interpreted as meaning that positive imagery
was not necessary for emotional avoidance and that emotion-driven imagery suppression
did not occur.

If the left PCgG is involved in imagery suppression in general, then it would be acti-
vated not only during the formation of negative imagery but also during other activities
that require the suppression of the formation of mental imagery. That is, it is expected
that at least some regions of the left PCgG would be activated while a person looks at
visual perceptual images because of the competitive relationship between visual perceptual
processing and visual imagery generation, as discussed above. Therefore, this study exam-
ines whether brain areas in the left PCgG are more activated in a visual object observation
condition than in a positive imagery generation condition, in which mental imagery gener-
ation is considered not to cause, or mostly not to cause, the emotion-driven suppression of
imagery. If there was a significantly activated area in the left PCgG, then it would provide
evidence that this brain area is involved in the suppression of imagery generation during
visual perceptual processing, i.e., the perception-driven suppression of imagery generation.
It might be suggested that the resting period, during which there appears to be no mental
activity, should be used as a control condition instead of the positive imagery generation
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condition. However, the rest period is not appropriate to be used as a control condition
in this study. The PCgG is part of the default mode network that is activated at rest. At
present, it is not possible to distinguish whether the activity observed in the left PCgG
at rest reflects the automatic suppression of imagery generation or mental activity other
than imagery suppression. The control condition in this study requires the following two
conditions: (1) a picture is shown to provide the same perceptual information as in the
picture observation condition but not to activate the perception-driven suppression of
imagery, and (2) the emotion-driven suppression of imagery does not function. Therefore,
it is considered an appropriate control condition to simply see a presented picture but
not to perceptually process it and to generate positive imagery that is not the same as the
presented picture.

In the picture observation condition in this study, a participant looks at a presented
picture and evaluates its richness, i.e., the degree of clarity of the presented picture. Assum-
ing that some brain areas in the left PCgG would be activated in the picture observation
condition compared to in the control condition mentioned above, it could be speculated
that the activated brain area plays a role in the perception-driven suppression of imagery.
In this case, it is expected that there would be a correlation between the activity in the
brain area and the participants’ richness ratings, which represent the subjective vividness
of the presented picture in the picture observation condition. Several previous studies
have shown that visual imagery acts as a disturbance in the detection and perception of
presented visual stimuli [1,8,21,28]. Therefore, if the activated brain area in the left PCgG is
active, then imagery generation processing would be suppressed, and visual perceptual
processing, which competes with mental imagery processing, would be facilitated. In other
words, if the left PCgG is more active, then the presented visual object would be perceived
as being clearer because less mental imagery would be generated. Conversely, if the activity
in the left PCgG region is weaker, then the presented visual object would be perceived as
being more vague. If the above correlation between brain area activity and participants’
richness ratings is obtained, then it would be evidence that the activated brain area in the
left PCgG plays a role in the perception-driven suppression of imagery generation.

Furthermore, if the activated brain area plays a role in imagery suppression, then some
might think that there would be a negative correlation between the activation of the brain
area and imagery vividness ratings. However, this is not the case in this experiment. This
is because, firstly, the imagery generation condition in this study is set up as a condition in
which the emotion-driven suppression caused by negative emotions is not, or almost not,
produced. Secondly, because participants are not required to actively process the visual
perceptual stimuli of the outside world, the perception-driven suppression of imagery
will not occur during positive imagery generation. Therefore, there will be no correlation
between the activation of the relevant brain area and the vividness of the imagery.

This study tested the following two hypotheses: (1) compared to the positive imagery
condition, in which participants see a picture and generate imagery unrelated to it, stronger
activity in the left PCgG is observed when participants observe visual perceptual informa-
tion in the outside world without generating imagery (picture observation condition), and
(2) there is a correlation between activity in the left PCgG and richness ratings. In addition,
this study tested the hypothesis stating that there is no correlation between the vividness
of positive imagery and left PCgG activity.

2. Materials and Methods
2.1. Participants

Healthy right-handed volunteers (n = 16, 5 females and 11 males with an average age
of 26.8 years, SD = 5.7, ranging from 21 to 45 years) participated in this study, and each
was paid 2000 JPY ($20) for their participation. The participants were undergraduate or
graduate students at Hokkaido University. The Ethics Committee of Hokkaido University,
Graduate School of Letters, approved the experimental protocol of this study. In addition,
all participants gave written informed consent before participating. The handedness of
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the participants was assessed using the Japanese translation of the Edinburgh Handedness
Survey [29], which indicated that all the participants were right-handed.

2.2. Materials

The words used to generate imagery in the positive imagery generation condition
(Appendix A), which were not expected to activate the emotion-driven suppression of
imagery function, were positive words that were used in [24]. The emotional valence of
these words was based on the norms in [30], in which the emotional valence of a noun
is rated on a 7-point Likert-type scale (where 1 indicates extremely negative emotions,
and 7 indicates extremely positive emotions). The mean emotional valence of the words
used in the positive imagery generation condition was 5.12 (ranging from 4.63 to 5.67),
which was significantly positive compared to the neutral value, corresponding to a score of
4 (t(15) = 14.704, p < 0.00001). To prepare the pictures (Appendix B) presented in the
positive imagery generation condition, nouns were selected from neutral words with an
approximate neutral value of 4 (the mean emotional valence was 4.09, ranging from 3.92 to
4.24) in [30].

In the visual perceptual processing condition, a picture was shown on a screen that the
participants were asked to look at (picture observation condition). The pictures presented
corresponded to the words (Appendix A) used in the positive imagery generation condition.
In the positive imagery generation condition, a noun appeared on the screen, and the
participants were asked to form a mental image of the noun’s referent while seeing a
picture. The pictorial stimuli (Appendices A and B) that were presented in both conditions
were selected from ART EXPLOSION 750,000 Macintosh edition [31]. A Gaussian filter
was applied to the prepared pictures at 4 levels (Gaussian effect 0 mm radius: no filtering,
4 mm, 8 mm, and 12 mm) by using Adobe Photoshop CS4, and the clarity of the presented
pictures was varied. The higher the Gaussian effect, the greater the effect of the low-pass
filter and the lower the clarity of the picture.

2.3. Apparatus

SuperLab Pro 4.4 (Cedrus Corporation, San Pedro, CA, USA) running on an Apple
MacBook computer was used to present the stimuli and record the participants’ responses.
An MRI-compatible response box [32] was used to record the participants’ subjective ratings
of the vividness of the mental imagery and the richness of the pictures.

2.4. Procedure

The procedure used in this study included two activation conditions and a baseline
condition (Figure 1). In the picture observation condition, the participants actively ob-
served visual perceptual information in the external world without generating any imagery,
whereas in the positive imagery generation condition, they performed a mental imagery
generation task while seeing a picture. In this condition, the participants were asked to
generate imagery while ignoring the presented picture. In the baseline condition, the
participants were asked to relax without generating any imagery or looking at pictures.

If the participants’ task in the positive imagery generation condition had been to
generate positive imagery without the input of any visual perceptual information from the
outside world, then the brain activity during positive imagery generation would have been
measured without the participants seeing a picture, whereas that during picture observation
would have been measured with the participants looking at a picture. Therefore, not only
would the presence or absence of the activity of the perception-driven imagery suppression
function differ between the two conditions but the presence or absence of the input visual
perceptual information would also differ. In this case, even if there was a difference in
PCgG activity between the two conditions, it would not be clear whether it reflected
the activity of the perception-driven suppression of imagery or the processing of visual
perceptual information. Therefore, visual perceptual information was input in both the
positive imagery generation and picture observation conditions, and the participants were
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asked to generate imagery without actively observing it in the former condition and to
actively observe it in the latter condition.
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Figure 1. The experimental procedure: The asterisk (*) represents the cue for the participant’s task
for the next 20 s. “Picture” indicates that their task was to observe the presented picture. “Imagery”
indicates that their task was to generate imagery of the cue while seeing at the presented picture. The
pictures presented in the picture observation and positive imagery generation conditions were, for
example, a puppy and a chair.

The participants viewed the screen through a mirror system that was mounted onto a
head coil, and their eyes were open while the experiment was conducted. In each picture
observation trial, the word “relax” appeared on the screen for seven seconds, followed
by a grey blank screen with no visual stimuli that was presented for twenty seconds.
The participants were instructed to relax during the presentation of the blank screen
(baseline condition). Then, a noun appeared on the screen for five seconds, followed by
the word “picture”, which appeared on the screen for two seconds, and then a picture
of the previously presented noun, which appeared for twenty seconds. The participants
were asked to look at the picture when the word “picture” was presented after the noun.
A message then appeared on the screen asking the participants to rate the richness of the
picture. The participants rated the richness of the presented picture on a 4-point scale
ranging from 1 (very vivid) to 4 (very vague)

3
. The responses were recorded on a computer

using a response box placed next to the participants’ left hand. The next trial started when
the participants pressed any button on the response box. The positive imagery generation
trials were identical to the picture observation trials until the noun was presented after the
baseline condition. In the positive imagery generation trials, the word “imagery” appeared
on the screen for two seconds after the noun disappeared, and an image unrelated to the
previously presented noun appeared for 20 s. The participants were asked to generate
imagery of the referent of the noun. They were also asked to experience the positive emotion
evoked by the generated imagery in order to reduce the emotion-driven suppression of
imagery function. On this occasion, the participants were asked to generate imagery by
superimposing imagery on the presented picture rather than by making associations with
it. For example, if the participants generated an image of a kitten while seeing a picture of a
bus, they were asked not to form an image of a kitten sitting on the roof of the bus or in the
bus but rather to form an image in which the kitten was superimposed on the picture of the
bus so that the picture of the bus formed the background of the image. In this condition,
the participants were asked to ignore the incoming visual perceptual information while
the picture was presented. However, it was possible for the participants to look elsewhere
on the screen, where the picture was not presented, rather than at the presented picture,
when they were asked to overtly ignore the presented picture. In this case, no visual
information was provided to the participants. Thus, the participants were given the above
instruction. This instruction was given to facilitate a common cognitive activity between
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the two conditions of picture observation and positive imagery generation. Then, a screen
appeared asking about the vividness of the imagery, and the participants were asked to
rate the vividness of their mental imagery on a 4-point scale ranging from 1 (very vivid) to
4 (very vague). A diagram of the present study is shown in Figure 1. Each session consisted
of eight trials (four picture observation trials and four positive imagery generation trials).
The entire experiment consisted of two sessions. The order of the picture observation and
positive imagery generation trials was randomised. The words and pictures used in the
picture observation and positive imagery generation conditions were also randomised for
each participant. The explanation of the experimental procedure was repeated until the
participants thoroughly understood the task, and practice trials were conducted before the
experimental trials.

2.5. fMRI Data Acquisition and Data Analysis
2.5.1. fMRI Data Acquisition

A whole-body 1.5 T Signa Echo-Speed scanner (General Electric, Inc. Chicago, IL,
USA) was used to acquire high-resolution spin echo T1-weighted anatomical images
(20 axial slices, matrix size = 256 × 256, TR = 500 ms, FOV = 240 × 240, voxel size = 0.93 mm
isotropic) and gradient echo echo-planar T2*-weighted images with a BOLD contrast
(20 axial slices, matrix size = 64 × 64, flip angle = 90◦, TR = 3000 ms, TE = 40 ms,
FOV = 240 × 240 mm, voxel size = 3.75 mm isotopic, slice thickness = 4 mm, and slice
gap = 0.8 mm). A total of 314 scans were acquired per participant (157 volumes × 2 sessions).
Brain activity was measured throughout the session.

2.5.2. fMRI Data Analysis

Data were analysed via statistical parametric mapping (SPM8, www.fil.ion.ucl.ac.uk/
spm/software/spm8, accessed on 8 January 2024, MATLAB version R2011b) using a gen-
eral linear model. All functional volumes were realigned to each participant’s first volume
to correct for head motion, which was spatially normalised to the Montreal Neurological
Institute (MNI) brain template. Each voxel was resampled to 2 × 2 × 2 mm and smoothed
with an 8 mm full-width-at-half-maximum Gaussian kernel. Functional data were analysed
using a block design. For a group analysis, a random effects analysis was performed based
on the general linear model. Each block was defined as a regressor of interest: picture
observation, positive imagery generation, relax. A high-pass filter with a cut-off period of
128 s was used to remove low-frequency noise. We predefined the left PCgG as a region of
interest (ROI) and prepared templates using the WFU PickAtlas tool 3.0.5 [33,34] according
to an Automatic Anatomical Labeling (AAL) atlas previously reported in [35] (Figure 2).
And we performed small volume correction (SVC) analyses on the ROI. We investigated
whether stronger activity occurred in the left PCgG during picture observing (20 s) in
the picture observation condition compared to imagery generation while seeing a picture
(20 s) in the positive imagery generation condition. Brain activity during picture observa-
tion and imagery generation was averaged for each condition and participant. Brain activity
during picture observation in the picture observation condition (or during positive imagery
generation in the positive imagery generation condition) was the average activity of each
participant over 8 trials (2 trials for each Gaussian filter of 0, 4, 8, and 12). As described
above, although the main aim of this experiment was to compare brain activity during
picture observation − during positive imagery generation, we also investigated whether
stronger activities occurred in the left PCgG during positive imagery generation compared
to during relaxation (20 s) in the baseline condition and during picture observation com-
pared to during relaxation (20 s) in the baseline condition. In the present study, it was
assumed that the left PCgG would be more active in a condition in which the suppression
of imagery generation works more strongly (i.e., the picture observation condition) than in
a condition in which it does not work (or only weakly works) (i.e., the positive imagery
generation condition). However, it is also possible that the brain activity that occurs in such
conditions reflects cognitive activities other than the suppression of imagery generation.

www.fil.ion.ucl.ac.uk/spm/software/spm8
www.fil.ion.ucl.ac.uk/spm/software/spm8
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For example, it may reflect visual perceptual and emotional processing, which may occur in
the picture observation and positive imagery generation conditions. If this is the case, then
stronger left PCgG activity should also occur in the positive imagery generation and picture
observation conditions than in the baseline condition, in which positive emotion and visual
perceptual processing would not occur. Therefore, we decided to compare brain activity
during positive imagery generation − during relaxation in the baseline condition and
during picture observation − during relaxation in the baseline condition. The baseline con-
dition that was compared with the activation conditions (picture observation and positive
imagery generation) was during relaxation in the baseline condition immediately before
each activation condition. Statistical significance was set at p < 0.05, and the family-wise
error (FWE) was corrected at the voxel level within small volume correction. In addition,
the time course of the MRI signal was calculated using Marsbar [36].

1 
 

 
 

 
 
 

 

Figure 2. (a) The blue areas represent the ROI (the left PCgG) in this study, and the size was 3704 mm3

(463 voxels). (b) The red areas represent the areas (−4, −44, 32) in the left posterior cingulate gyrus
that were significantly activated during picture observation compared to during positive imagery
generation. L and R indicate left and right hemispheres, respectively.

3. Results
3.1. Brain Activity in Left Posterior Cingulate Gyrus

In order to identify the specific brain area involved in the suppression of imagery
generation, we measured the brain activity in the left PCgG, whose activity was expected
to be significantly greater during picture observation in the picture observation condition
than during imagery generation in the positive imagery generation condition. As shown in
Table 1 and Figure 2, significant activity (−4, −44, 32) was found (p (FWE) = 0.016).

Table 1. Areas of significant activation observed during picture observation compared to during
positive imagery generation.

Brain Area
Brodman Area (BA)

Number of
Voxels in Cluster

Voxel−Level p
Value

FWE−Corrected

Voxel−Level p
Value

Uncorrected

T Value at
Local Maximum

MNI
Coordinates

x y z

Posterior Cingulate
Gyrus
(BA31)

4 0.016 0 4.71 −4 −44 32
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In addition, brain activity was measured in the left PCgG during positive imagery
generation − during relaxation in the baseline condition, and during picture
observation − during relaxation in the baseline condition. No significant activity was
found in either comparison.

3.2. Relationship between MRI Signal Changes in the Activated Area (−4, −44, 32) and the
Participants’ Subjective Richness Ratings of the Pictures

If the activated brain area in the left PCgG plays a role in the perception-driven
suppression of imagery generation, then there would be a correlation between the richness
ratings, which are subjective assessments of the clarity of the presented pictures, and the
activation levels in the activated brain area, such that increased activity in the activated
brain area would be associated with a higher level of richness. Therefore, the correlation
between the activity in the activated brain area and the richness ratings was examined.
Each participant completed eight trials in the picture observation condition, and eight
richness ratings were obtained for each participant, from which the mean richness rating
for each participant was calculated. We calculated the correlation coefficient between
the mean richness ratings and brain activity during picture observation for each of the
16 participants.

We calculated the mean changes in the MRI signal as follows: First, we calculated the
MRI signals in the brain area examined in this study using Marsbar. Then, we calculated
the changes in the MRI signal during picture observation relative to those during relaxation.
Relaxation in the baseline condition lasted for 20 s before the picture observation, which
also lasted for 20 s. We calculated changes in the MRI signal during picture observation
in the picture observation condition relative to those during relaxation in the most recent
baseline condition. In this experiment, the TR duration was 3 s. Thus, the MRI signal data
were recorded 6–7 times each during relaxation and during picture observation. The data
from only six scans from the beginning to the end of an activity were analysed. These six
scans were averaged for each activity. The MRI signal change was then calculated for the
averaged MRI signal during picture observation relative to that during relaxation. The
mean percentage change in the MRI signal and the mean richness score for the picture
observation condition were calculated for each participant. That is, the following means
were calculated for each participant across the eight picture observation trials: percentage
change in the MRI signal and richness score. Shapiro–Wilk tests were performed on the
mean percentage change in the MRI signal and the mean richness scores to test for normality.
As a result, Spearman’s rank correlation was calculated, as the mean richness scores were
not normally distributed (p = 0.06). There was a significant negative correlation between
the mean percentage change in the MRI signal and the mean richness score (rs (14) = −0.50,
p = 0.047, two tails, Figure 3). This result indicates that the stronger the activation of the
brain area in the left PCgG, the clearer the recognition of the presented picture.

3.3. Relationship between MRI Signal Changes in the Activated Area (−4, −44, 32) and the
Vividness of Imagery

Although a previous study suggests that there is no such correlation, if the activated
brain area in the left PCgG were to play a role in suppressing the generation of any type of
mental imagery, then there would be a correlation between the vividness of the imagery
and the activity in the brain area, such that increased activity in the brain area would be
associated with a reduced vividness of the positive imagery generated by the participants
in this experiment. Therefore, the correlation coefficient between the MRI signal changes
in the cluster containing (−4, −44, 32) and the subjective vividness of the imagery was
calculated. The mean change in the MRI signal was calculated during positive imagery
generation relative to that during relaxation in the most recent baseline condition. The
method used to calculate the mean percentage signal change was identical to that described
in Section 3.2. The mean subjective rating of the imagery vividness was calculated for each
participant as follows: Each participant took part in eight positive imagery generation
trials, and eight imagery vividness ratings were obtained for each participant. The mean
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of the imagery vividness ratings from these eight trials was taken as the mean imagery
vividness rating for each participant. As there were 16 participants in this study, the mean
imagery vividness ratings and brain activity during positive imagery generation for each
participant resulted in 16 data points. The correlation coefficient was calculated between
the two variables. The mean percent signal change and mean imagery vividness ratings
were calculated for each participant, and a correlation analysis was performed on the two
variables. A Pearson’s correlation coefficient was calculated because the Shapiro–Wilk
tests conducted on the mean percentage change in the MRI signal and the mean imagery
vividness ratings did not reject the null hypothesis, indicating that both variables were
normally distributed. The results indicate that there is no significant correlation between
the variables (r (14) = −0.07, p > 0.10).
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4. Discussion

This study attempted to identify the brain regions involved in the perception-driven
suppression of imagery generation. A previous study suggested that the left PCgG is in-
volved in the suppression of negative imagery generation. If the left PCgG were involved in
the suppression of imagery in general, it would be activated not only during the formation
of negative imagery but also during other activities that require the suppression of the
formation of mental imagery. It has been shown that the processes of visual perception and
visual imagery formation are in a competitive relationship. That is, it is expected that at
least some regions of the left PCgG would be activated during the observation of visual
perceptual stimuli because the formation of mental imagery would be suppressed while
visual perceptual images are actively observed.

In this study, part of the left PCgG was more active during the picture observation
condition, during which the suppression of perception-driven imagery generation was
considered to be stronger than during the positive imagery generation condition. Further-
more, there was a significant negative correlation between the activity in the left PCgG
and the perceptual richness ratings. More specifically, the higher the activity in the brain
area, the lower the richness ratings (i.e., the clearer the picture). Additionally, the lower
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the activity in the brain area, the higher the richness ratings. If we assume that the left
PCgG plays a role in suppressing the generation of mental imagery, then we can offer a
consistent explanation for these results. That is, when the brain area concerned was more
strongly activated and the suppression of imagery generation function was working more
strongly, visual perceptual processing was more activated because competitive mental
imagery generation did not occur. Therefore, a visual object was perceived as clearer when
the relevant brain area was more strongly activated. These results suggest that the left
PCgG plays a role in the suppression of imagery generation.

Motoyama and Hishitani (2016) previously demonstrated the imagery suppression
mechanism in a research context slightly different to that used in the present study [24].
They showed significantly increased activation in a part of the left PCgG during negative
imagery generation compared to during positive imagery generation. Their finding indi-
cates that the activity in the left PCgG increased during negative imagery generation when
the emotion-driven suppression of imagery generation was stronger. From a perspective
different to that of Motoyama and Hishitani (2016) [24], the result of the current study
shows that the left PCgG plays a role in the suppression of imagery generation. However,
the activated brain coordinates found in this study do not perfectly match the area involved
in the suppression of mental imagery generation shown in [24]. The peak Talairach coor-
dinates of the activated brain area in [24] were (−18, −53, 30), and the difference in the
peak coordinates between this study and those in [24] is about 18.5 mm, suggesting that the
perception-driven and emotion-driven suppression of imagery generation may be caused
by different mechanisms. Since this possibility is only based on the results of [24] and the
present study, it needs to be examined in further experiments.

The present study found that the left PCgG was more strongly activated in the picture
observation condition than in the positive imagery condition. This finding provides evi-
dence for the notion that the left PCgG plays a role in the perception-driven suppression of
imagery generation. However, if an increase in visual perceptual processing could lead to
an increase in PCgG activity, then the result could reflect the visual perceptual information
processing activity that occurs in the PCgG. This interpretation can be ruled out for two
reasons. First, if the activity observed in the left PCgG in this experiment reflected visual
perceptual processing, then the activity in this brain area would also have been produced
in the picture observation condition—in the baseline condition. However, no such brain
activity was found. Second, a previous study suggested the possibility that the PCgG
does not play a role in the processing of visual perceptual information, such as in the
observation of a picture in this experiment. It has been postulated that PCgG activity is
reduced when paying attention to the outside world [37–39], suggesting that PCgG activity
is reduced when actively looking at pictures, as in the task used in this experiment. In
addition, it has been suggested that similar levels of activity in the PCgG occur during eye
closure and visual processing [38], and no significant change in blood flow to the PCgG
has been shown between passive fixation and eye closure [39]. Therefore, it is very likely
that the visual perceptual processing required in this experiment and the activity in this
brain region are independent. Furthermore, the results of a study conducted by Uddin,
Clare Kelly, Biswal, Castellanos, and Milham (2009), which showed a negative correlation
between PCgG activity and the extrastriate visual areas involved in visual perceptual pro-
cessing [40], suggest that it is very unlikely that the PCgG is involved in goal-directed visual
perceptual information processing. Therefore, the result obtained in this study, i.e., the
higher activation of the left PCgG in the picture observation condition than in the positive
imagery generation condition, most likely reflects the perception-driven suppression of
mental imagery generation rather than visual perceptual information processing.

If the left PCgG plays a role in suppressing the generation of any kind of mental
imagery, then this implies that greater activity of the imagery suppression function, reflected
in increased activity in the left PCgG, would lead to a reduction in the vividness of imagery.
However, no such relationship was found in this experiment. This suggests that the
perception- and emotion-driven suppression of imagery generation did not occur during
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the generation of positive imagery. Motoyama and Hishitani (2016) previously confirmed
that the vividness of negative imagery varies with the activity of this brain area [24],
and, consequently, the above fact suggests that the vividness of the positive imagery was
influenced by other factors. It has been suggested that the vividness of imagery is not
determined by a single function [1]. Therefore, future studies are needed to investigate how
the vividness of positive imagery is determined, in addition to the imagery suppression
function demonstrated in this study.

The left PCgG activity observed in this experiment may reflect other types of process-
ing rather than the suppression of imagery generation. For example, it is likely that positive
emotions were evoked in both the positive picture observation and positive imagery gen-
eration conditions. Although the participants’ task in the positive picture observation
condition was to observe positive pictures without interference, in the positive imagery
generation condition, the participants simultaneously saw neutral pictures unrelated to
the imagery object during positive imagery generation. That is, the evocation of positive
emotions might be attenuated in the positive imagery generation condition compared to
the case wherein positive imagery is simply generated without seeing a picture. A previous
study also suggested that the PCgG is involved in the processing of positive emotions [41].
In other words, it could be considered that the activity in the left PCgG was stronger in
the positive picture observation condition than in the positive imagery generation condi-
tion because the positive emotions evoked in the positive picture observation condition
were greater than those evoked in the positive imagery generation condition despite the
suppression of imagery generation. However, it is unlikely that the activity detected in
the left PCgG in this experiment reflected positive emotion processing. It is likely that
positive emotion processing occurred more in the picture observation and positive imagery
generation conditions than in the baseline condition, which did not evoke emotions. That
is, if PCgG activity reflected positive emotion processing, then this activity would also
have been observed in the picture observation condition − in the baseline condition and in
the positive imagery generation condition − in the baseline condition. In this experiment,
no significant activity was found in either condition. These results suggest that the PCgG
activity observed in this experiment does not reflect positive emotional processing.

5. Limitations and Implications of this Study

As the number of participants in this study may not be large enough, it would be
desirable to conduct a similar experiment with a larger number of participants to see
whether the results of this experiment can be replicated.

Furthermore, we believe that this study can be further improved by repeating similar
experiments, not only with more participants but also with more accurate MRI equipment,
such as 3T. The brain region responsible for perception-driven imagery suppression shown
in the present study and the brain region responsible for emotion-driven imagery sup-
pression shown in previous studies are both located in the left PCgG, but they do not
completely overlap. In the future, it would be desirable to clarify whether the two functions
are the same or different imagery suppression functions. By increasing the number of
participants and using more accurate MRI machines to measure more precisely whether
the brain regions activated during the two functions are different, it may be possible to
investigate whether the perception-driven and emotion-driven functions are the same
imagery suppression mechanism.

6. Conclusions

The novel finding of this study is the demonstration of the existence of a neural basis
for the suppression of imagery generation, achieved using an approach that is different
from that used in a previous study. In the previous study, significant activity in the left
PCgG was found during negative imagery generation, where imagery generation was
suppressed, compared to during positive imagery generation, where imagery generation
was not suppressed. This finding suggests that the left PCgG is involved in the suppression
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of imagery generation. In this study, we investigated whether significant activity in the
left PCgG also occurs during visual perceptual processing in which imagery generation
is suppressed, which differed from the previous study. As a result, it was found that
significant activity in the left PCgG occurred during visual perceptual processing compared
to during positive imagery generation; thus, using a different approach to the previous
study, this experiment provides further evidence that the left PCgG is involved in the
suppression of imagery generation.
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Appendix A

The pictures presented in the picture observation condition and the imagery object
in the positive imagery generation condition. Half of the pictures were presented in the
picture observation condition for one participant, and the words corresponding to these
pictures were used as imagery objects in the positive imagery generation condition for
the other participant. The eight pictures presented in the picture observation condition
consisted of two 0 mm, two 4 mm, two 8 mm, two 12 mm of Gaussian filter effects.
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Appendix B

The pictures presented in the positive imagery generation condition. Half of the
pictures were presented in one participant’s positive imagery generation condition and
the other half in the other participant’s positive imagery generation condition. The eight
pictures presented to each participant consisted of two 0 mm, two 4 mm, two 8 mm,
two 12 mm of Gaussian filter effects.
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Notes 
1. Previous research has not only shown that negative imageries are less vivid than positive ones, but also that negative autobio-

graphical memories are less likely to be recalled. For example, involuntary autobiographical memories in everyday life have 
been shown to be more positive and neutral than those with negative emotions [42], and voluntary autobiographical memories 
are also more positive than negative, despite being weaker than involuntary autobiographical memories [43]. When participants 
in their 20s to 90s were asked about their involuntary autobiographical memories, it was found that they had more happy and 
mixed emotional memories than sad ones [44].  

2. Intrusive imagery, a type of negative imagery that is a clinical symptom of PTSD flashbacks, depression, and anxiety, has been 
shown to be extremely vivid [45]. Motoyama and Hishitani (2016) described negative imagery as being more vague than positive 
imagery [24]. However, the negative imagery that they focused on was not intrusive imagery but rather imagery that was in-
tentionally generated by healthy individuals. Therefore, the vague negative imagery described by Motoyama and Hishitani 
(2016) does not include intrusive imagery. 

Notes
1 Previous research has not only shown that negative imageries are less vivid than positive ones, but also that negative autobio-

graphical memories are less likely to be recalled. For example, involuntary autobiographical memories in everyday life have been
shown to be more positive and neutral than those with negative emotions [42], and voluntary autobiographical memories are
also more positive than negative, despite being weaker than involuntary autobiographical memories [43]. When participants in
their 20s to 90s were asked about their involuntary autobiographical memories, it was found that they had more happy and
mixed emotional memories than sad ones [44].

2 Intrusive imagery, a type of negative imagery that is a clinical symptom of PTSD flashbacks, depression, and anxiety, has been
shown to be extremely vivid [45]. Motoyama and Hishitani (2016) described negative imagery as being more vague than positive
imagery [24]. However, the negative imagery that they focused on was not intrusive imagery but rather imagery that was
intentionally generated by healthy individuals. Therefore, the vague negative imagery described by Motoyama and Hishitani
(2016) does not include intrusive imagery.
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3 In this experiment, we used the term “vividness” when participants rated the vividness of the generated imageries in the positive
imagery condition, and we used the term “richness” when participants rated the clarity of the presented picture in the picture
observation condition.
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