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Abstract
The Action Control Theory (ACT) is an enactive theory of perception and mental imagery with six
components: Schemata, Objects, Actions, Affect, Goals and Others’ Behavior. The evidence support-
ing these six connected processes is reviewed in light of research on mental imagery vividness. The
six processes and their interconnections receive empirical support from a wide range of studies. All
six domains of perception and mental imagery are influenced by individual differences in vividness.
Real-world applications of ACT show interesting potential to improve human well-being in both

healthy people and patients. Mental imagery can be applied in creative ways to make new collective

goals and actions for change that are necessary to maximize the future prospects of the planet.

Keywords: Action Cycle Theory; perception; mental imagery; vividness; VVIQ; affect; schemata; action; individual differences; neu-
roscience

1.  Historical context

Since the time of Descartes, perception has been conceived as the reception of sensory information that may or

may not lead to any behavioral response or action (Figure 1).
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Figure 1. Descartes' 1644 illustration from Principles of Philosophy [1] showing his theory of vision. Light rays
impressed particles into the eyes from where the image was transmitted to the pineal gland, the confluence of mind and
body. It is as if the visual system is an internal screen or theatre [2]. The picture shows the pineal gland converting an
external stimulus into the action of pointing.

Except for the removal of the pineal gland from this system, this ‘S-R’ or theatre model of perception as passive
stimulation (S) of an empty organism to produce a response (R) persisted for almost three centuries until Hermann von
Helmholtz (1910/1925) [3, p. 27] offered a more nuanced approach with his proposal of “unconscious inference’.
Helmholtz held that unconsciously formed “inductive conclusions” led to the formation of sense-perceptions. With
notable exceptions, the psychology of perception in the first half of Twentieth Century was dominated by the S-R
framework of behaviourism in the US and Pavlovian conditioning in Russia. In his 2001 Medawar Lecture, Richard L

Gregory stated:


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

3 0f 38

“Yet, the most striking fact is that perceptual experience is far richer than available retinal images; and though neural

signalling is slow, it is not usually delayed in time. From these shadowy ghosts in our eyes we see hard solid objects with properties

beyond optics. This depends on knowledge of objects, and how they interact, allowing behaviour to be appropriate to what is known

or assumed, rather than limited to what is being sensed. This is where knowledge comes in, as the past enriches the present, and

allows some prediction into the future”[4].

Seldom can vision provide an exact copy of sensory stimuli because both ‘top-down’ and ‘bottom-up” processes

are involved. The empty organism was filled by Jerome S Bruner and Leo Postman in 1947 with the suggestion that

‘top-down’ processes of goals, expectations, and prior knowledge acted as top-down influences on perception [5]. Hubel

and Wiesel (1962) [6] discovered that visual presentation of stimuli with oriented lines lead to characteristic firing

patterns in primary visual cortex suggesting the existence of ‘bottom-up’ visual cue detectors. The so-called ‘Cognitive

Revolution” of the 1950s brought new theories about top-down processing and Ulric Neisser’s (1967) book Cognitive

Psychology [7] presented an innovative theory of the ‘perceptual cycle’ as a constructive process for anticipating objects

and events. Although Neisser’s theory appeared flawed, it sowed the seeds for Action Cycle Theory (ACT) of perception

and mental imagery [8,9]. The three theories of VMI that existed in 1990 when the ACT was proposed were reviewed

by Thomas [10]. The approach of Jeannerod and Decety (1995) [11] shows similarities to ACT and there is also symbiosis

with the approach of O’'Regan and Noé (2001) [12] yet both of these approaches neglected emotion. Before continuing,

a few definitions and assumptions need to be specified:

i) Visual perceptual imagery (VPI) is a subjective experience that occurs when there is stimula-

tion of the retinae with light.

i) Visual mental imagery (VMI) is a subjective quasi-perceptual experience that occurs in the ab-

sence of the relevant object, with or without stimulation of the retinae with light.
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iii) Mental imagery can occur in any sensorimotor modality and in a multitude of states of waking
and sleep that range between voluntary and conscious to automatic and unconscious.
iv) A key concept is ‘vividness’” which is a combination of clarity and liveliness. The more vivid an
image, the closer it approximates an actual percept.
V) VMl is activated by a set of neurological processes that are also involved in visual perceptual

imagery (VPI).
2) Action Control Theory

ACT is an enactive theory of perception and mental imagery with six interrelated components (Figure 2).

ACTION

Figure 2. The six processes of Action Cycle Theory: Object, Schemata, Action, Affect, Goals and Other’s
Actions. The arrows indicate hypothesized causal relationships.

In ACT, the perceptual system involves an exploratory cycle that harmonizes interactions with objects motivated
by the drive to maximize equilibrium and positive affect. Schemata of sensorimotor ‘templates” or ‘mental models’
detect cues and minimize threats (type-S schemata) and generate actions (type-M schemata). The ACT is supported by
an extensive body of evidence concerning the cognitive, affective, and neurophysiological aspects of mental imagery.

Research relevant to ACT has utilized the Vividness of Visual Imagery Questionnaire (VVIQ) [13, 14] and other similar
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instruments to investigate the influence of imagery vividness on the six core processes. Mental imagery is both visual

and multisensory in nature and for multisensory imagery research a suitable measure is the Plymouth Sensory Imagery

Questionnaire [15]. Vividness questionnaires are also available for research in different sensory modalities and

languages including the Vividness of Movement Imagery Questionnaire (VMIQ) [16] and in special domains such as the

Vividness of Wine Imagery Questionnaire [17].

Vividness is found to benefit imagining, remembering, thinking, predicting, planning, and acting. Originally

published in 1973, the VVIQ enabled an empirical approach to the measurement of VMI vividness [13,14]. Multiple

investigators have conducted studies using the VVIQ, VMIQ [16] and VVIQ-2 [18]. Alfredo Campos and Maria José

Pérez-Fabello [19] reported high estimates of internal consistency, reliability and construct validity for the VVIQ and

VVIQ-2. Although a component of social desirability occurs in VVIQ scores [20], as for any questionnaire, the scores

are sufficiently robust to predict a broad range of brain states, psychophysiological variables and other objective

indicators. A key methodological study by Matthew Runge et al. used meta-analysis to compare VVIQ scores with trial-

by-trial vividness ratings against objective criteria to address predictive validity [21]. Trial-by-trial vividness reports

produced significantly larger effect sizes than VVIQ across three experimental methodologies, with neural measures

yielding significantly greater effect sizes than behavioral and cognitive ones. The majority of findings reviewed here

used VVIQ scores and not trial-by-trial vividness reports and so, most likely, they underestimate the strength of

associations between VMI vividness and the key variables presented in the sections below.

The construct of ‘vividness'’ is intrinsically subjective but vividness measures can provide clues about the nature

and function of mental imagery in studies that compare groups or individuals with high and low values along the

vividness continuum. Assessment of vividness using validated instruments provide a fruitful evidence base relevant to

ACT. Controlled laboratory investigations with objective tasks evaluate perceptual processing, recognition, recall,
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other cognitive performance, behavior, clinical cases, and electrophysiological techniques such as BOLD functional
magnetic resonance imaging (fMRI), transcranial electrical stimulation (TES) and near infrared spectroscopy (NIRS) to
map anatomical and functional brain connectivity e.g. [22,23]. Vividness measures significantly correlate with the
degree of similarity between VMI and VPI neural responses for actual objects and physical activities [24-28].

A landmark meta-analysis of 150 studies published by Stuart ] McKelvie in 1995 was able to demonstrate high
levels of reliability, content validity and criterion validity of the VVIQ [29,30]. McKelvie’s meta-analysis showed that
the vividness of conscious mental imagery is strongly associated with performances most likely to benefit from
perceptual-motor imagery and mental practice. A recent monograph [31] placed the ACT within the General Theory of
Behavior. Accordingly, motivation is held to be universal pro-social striving towards security, stability, and
equilibrium driving organisms to adapt to the environment and to one other. The General Theory holds that the primary
motivation of natural organisms is a psychological form of homeostasis for behavior that acts in parallel with
physiological homeostasis in the regulation of bodily systems. Acknowledging that self-control of behavior mostly
proceeds unconsciously and automatically, there is also a need for an executive control system for voluntary actions.
That executive function is served by consciousness which is also an ipseity center for integration and regulation of
motivation with feelings and actions by the self.

The author’s description of mental imagery as an enactive, quasi-perceptual process is stated as follows:

A “life-like” image allows a person to experience it in a very real way. “Evoke” means to cause
someone to sense or feel something. I appreciate this fact from personal experience. When I am
watching a film of people lighting a camp fire, or smoking a cigarette, I actually can “smell” the smoke
at the camp fire or the stench of a cigarette. These olfactory imaginings occur as if I am actually
carrying out the activity, albeit on a lessor scale. Note that it is an activity, not a picture. Evoking a
vivid image produces a life-like activity of “seeing”, “hearing”, “tasting”, “smelling”, “touching” or
“feeling” something; mental imagery is a sensory-affective process that resembles, but is not identical

to, perception with action.

[32].
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A persistent philosophical objection to the use of self-reported imagery vividness ratings in the VVIQ and similar
instruments relates to their subjective nature. Critics suggest that the impossibility of a shared reference point means
that individuals are unable to reliably rate their imagery vividness along a vividness scale [33,34] and so vividness
ratings are ‘too’ subjective for studies of behavioral and brain states. As plausible as these criticisms may seem a priori,
a multitude of controlled studies demonstrate that VVIQ scores are reliable, valid and sufficiently robust to make
accurate predictions that, more frequently than not, are verified by objective indicators. The challenge of the subjectivity
issue was addressed from the beginning of VVIQ research when the author used objective tests of picture recall to
validate people’s VVIQ vividness scores [13,14] which, curiously, critics ignore. Between one and two minutes after the
presentation of colored pictorial scenes, a recall task required participants to answer questions about the position, colour
and detail of items within the stimulus array. Groups of people who reported high vividness produced higher
accuracy of recall than groups who reported low vividness. The significant association between recall accuracy and
VVIQ vividness scores was replicated in three different experiments suggesting a robust finding. Dozens of
investigators independently reported validating studies using a variety of objective performance indicators to compare
high and low vividness groups [11]. Multiple neuropsychological and neuroimaging studies have since demonstrated
that the VVIQ provides a valid measure of VMI vividness [18-23]. Illustrative examples are presented in the following
sections indicating strong empirical evidence to support the six facets of ACT starting with schemata.

3) Schemata

Schemata are internal models that reflect commonalities across multiple experiences of objects and actions [35,36,37] while
enabling the body to maintain its composure [38,39]. Rumelhart [35] states: “Schemata are employed in the process of
interpreting sensory data, in retrieving information from memory, in organizing actions, in determining goals and subgoals,

in allocating resources, and, generally, in guiding the flow of processing in the system. Perhaps the central function of


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

8 of 38

schemata is in the construction of an interpretation of an event, object, or situation—that is, in the process of comprehension.”
The body schema was invoked in neurology by Head [38] and in psychology by Piaget [39], Bartlett (1932) [40] and others [41-42].

Schemata are thought to be of three kinds: i) scene schemata (S-type) for
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Figure 3. Mental activities controlled by schemata in the cerebellum. The figure shows a coronal section of a
human cerebellum on which the sites of the observed activities are indicated by colored circles. Reproduced by

permission from [43].

observing, identifying and completing spatial patterns in scenes; ii) motor schemata (M-type) for observing,
mirroring, synchronizing, planning, generating and predicting actions and iii) body schemata (B-type) for
controlling and maintaining posture, gait and balance.  All three operate automatically, unconsciously and
quickly. Schemata are adaptive and readily accommodating to the flux of a continuously changing environ-
ment. Schemata act as mental models or templates for rapid processing within perceptual-motor systems in-
cluding posture, balance and gait. Schemata constructed and controlled across the hippocampal region, cere-
bral cortex and cerebellum, which plays an extensive role in mental activities [43] (Figure 3).

The hippocampus is also an essential structure for spatial cognition and navigation [44-49] with recent studies
demonstrating that imagery VVIQ vividness scores correlate significantly with objectively quantifiable using
measurements of hippocampal and cortical volumes. Tabi et al. found a significant relationship between VVIQ scores
and the volumes of primary visual cortex and hippocampus in a large sample of healthy people across different ages
[61].  Tullo et al. (2022) investigated the interactions among scene-selective brain regions including the
Parahipoccampal Place Area (PPA), Retrosplenial Complex, and Occipital Place Area (OPA) using Dynamic Causal
Modelling for resting-state functional magnetic resonance data [52]. They tested whether resting-state effective
connectivity among scene-selective regions reflected individual differences in VMI vividnes using the VVIQ. An

inhibitory influence of occipito-medial on temporal regions was observed and an excitatory influence of more anterior,
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medial and posterior brain regions. The connection strength from OPA to PPA was especially high in the left hemisphere

with the signal between these regions showing positive correlations with vivid mental imagery ability.
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Figure 4. Anatomical location of regions of interest. Nodes of each region are displayed in different colours: the
Parahippocampal Place Area (PPA) is represented in sky-blue; Retro-splenial complex (RSC) is represented in green
and Occipital Place Area (OPA) is shown in pink. The edges between regions represent the connections separately
modelled for each hemisphere in the Dynamic Causal Modelling (DCM) analysis. Regions of each hemisphere were

visualized using the BrainNet Viewer [53]. Reproduced from [52] with permission.

Several different studies confirm that a network of brain areas supports VMI, spatial cognition and navigation
including the right hippocampus and right caudate nucleus that are associated with knowing where places are and
navigating accurately to and between them [54]. There appears to be in-built redundancy in the VMI network as
evidenced by the reported ability to experience vivid VMI in the absence of significant amounts of cortical tissue. In
spite of near-complete cortical blindness this person exhibited vivid visual imagery. The pattern of cortical activation

was found using fMRI to be indistinguishable from that of sighted subjects, in contrast to the visual perceptual responses,
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which were greatly reduced [55]. These findings underscore the role of the cerebellum and hippocampus in VMI that
can remain vivid even with missing cortical tissue. I turn now to consider perception and mental imagery of objects.
4)  Objects

Perception and mental imagery of objects requires a network of structures at different levels of the CNS. The
earliest investigations focused on the occipital cortex yet many key studies have demonstrated that VMI and VPI share
a diverse set of structures across interconnected regions including the brain stem and the cerebellum. Cui et al. (2007)
asked participants to imagine a visual scene, such as an ant crawling on a checkered table cloth toward a jar of jelly [11].
The investigators found that vividness correlated with early visual cortex activity relative to the whole brain activity
measured by fMRI and also performance on a psychophysical task (Figure 5). The results showed that individual
differences in the vividness of mental imagery are objectively quantifiable.
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Figure 5. Relative activity in visual cortex correlates with subjective vividness rating. (a) Timeline of the
visualization task. Participants began to visualize upon hearing the ‘go’ signal, and stopped visualization upon hearing

the ‘stop” signal, resulting in a 10-second visualization phase and 10-second rest phase. All instructions were auditory.
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(b) Time course of the relative fMRI signal in visual cortex for 8 participants. Relative fMRI was taken as the BOLD

signal in early visual cortex (Brodmann’s areas 17 and 18, illustrated in inset) minus the BOLD signal measured over all

of grey matter. For plotting purposes, participants are ordered by their relative visual cortex activity averaged over the

visualization window of 0-10 s. The negative signal for some subjects is due in part to the subtraction of the whole brain

activity —i.e., other regions can increase more than the visual cortex during the time window. (c) The relative visual

cortex signal averaged over the visualization window correlates significantly with the subjective rating of vividness

(p =0.04). Reproduced from [11] with permission.

The action cycle attempts to maximize imagery vividness by controlling eye movements so that vivid images are

associated with fewer eye movements [56,57]. The action cycle also optimizes vividness by automatically attenuating

distracting sensory channels (i.e. auditory, somatosensory and subcortical visual structures). Amedi et al. (2005) [58]

compared VMI and VPI directly using as stimuli. VMI but not VPI was associated with deactivation of auditory cortex

as measured by BOLD fMRI. During VMI, auditory cortex deactivation was found to negatively correlate with

activation in visual cortex and with VVIQ scores (Figure 6). The authors suggested that “pure visual imagery

corresponds to the isolated activation of visual cortical areas with concurrent deactivation of “irrelevant” sensory

processing that could disrupt the image created by our “mind's eye””[58].
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Figure 6. Correlation between VVIQ Scores and VI BOLD Signal. (A) Correlations between the percent signal
change for VI in each subject and the VVIQ scores of these individual subjects in three ROIs. There were significant
negative correlation between Al (primary auditory cortex) activity and the vividness of the imagery, a trend for
positive correlations with V1 (primary visual cortex), and no correlation with PC (posterior cingulate “default brain”
area). (B) Voxel-by-voxel correlations between VI activity and individual VVIQ correlations. Results presented on
axial slices covering mainly auditory cortex. The investigators found negative correlations in auditory and
somatosensory cortex only. Positive correlations were found in visual, prefrontal, and parahippocampal areas

bilaterally. Reproduced from [58] with permission.
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Perceptual images of objects requires the retinal blind spot and occluded objects to be filled-in and completed.

Age-related eye diseases such as microdegeneration, myopia and refractive errors, cataract, diabetic retinopathy,

and glaucoma, amblyopia and strabismus also limit the quality of perception. According to Helmholtz, if a spot or

blemish occurs on an image, it will be filled in: “the spectator will at once supply the gap by his imagination and fill it up

with the colour of the background” [7, p. 209]. The retinal blind spot contains no photoreceptors and missing perceptual

data must be automatically filled-in so that, normally, one does not perceive any gaps. Revina and Maus (2020) [59]

compared perceptual filling-in of the blind spot with that occurring in the case of artificial gaps of identical size and

eccentricity. They found stronger perceptual filling-in occurred in the blind spot than for artificial gaps especially

in the case of vivid imagers.

Amodal completion is a normal process of perception that can be taken for granted yet the precise mechanism

remains controversial [60]. The invisible backside of any solid object that is ‘self-occluded’ is also completed by a similar

process. One of the main questions is whether the filling-in is achieved by mental imagination. Three possible

mechanisms for amodal completion are discussed by Nanay (2018) [61]: (i) Amodal completion is a type of perception

similar to sensory stimulation-driven perception; (ii) Amodal completion is achieved by having beliefs; (iii) Amodal

completion occurs using mental imagery. Nanay argues that a body of empirical findings support (iii) but not (i) or (ii).
p g gery y arg y p gs supp ) @) )

In line with ACT, a fourth explanation is that special type-S schemata are deployed to trigger exploratory actions, actual

or imagined. Proximal objects can be reached, grasped, manipulated, viewed from a different angle, studied with head

movements or by moving and circling around an object to confirm its nature and identity. Thus, amodal completion

consists of enactive imagistic exploration.

Vision under poor lighting, noise or camouflaging requires top-down processes to enhance selectivity and

perceptual content that can sometimes cause anomalous experiences or even illusions. Investigating face detection in
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pure noise images using fMRI, Zhang et al. [62] found greater activation for face versus nonface responses in the
fusiform face area, but not in the occipital face area. Medial frontal, parietal, supplementary motor, parahippocampal,
and striatal areas produced negative correlations between face-detection activation and behavioral responses indicating
top-down influences. Salge et al. [63] extended these findings by showing that vivid imagers were more likely to see
faces in noise and the boundary between imagination and ‘reality’ appeared narrower in vivid imagers who were also
more prone to anomalous experiences in noisy sensory environments. I turn next to action.
5) Action

We began this article with a Cartesian “‘theatre’ model of vision with an inner screen. O’Regan (1992)
[2] argued against this straw man as follows: “the outside world is considered as a kind of external memory
store. This can be accessed by casting one's eyes to some location. The feeling of the presence and extreme
richness of the visual world is, under this view, a kind of illusion created by the immediate availability of the
information in this external store.”” In line with ACT, this account consists of getting to know or verifying
the sensations caused by easily made exploratory actions, real or imagined. In O’Regan’s account, as in
ACT, perception is entirely enactive [2] (p. 472). Others make a similar point [64,65,66]. Contra O’Regan,
however, according to ACT every image includes one or more schema of each type, type-S, type-M and
type-P schemata [67,68]. One looks, one sees, one moves one’s eyes, in never ceasing cycles with other
body parts participating, especially the head.

The association between vivid imagery and covert psychomotor activity has been acknowledged since
William Shaw in 1940 published "The relation of muscular action potentials to imaginal weight-lifting"
[69]. Shaw had discovered action potentials showing muscular activity during imaginal lifting of a weight.

As in actual weight-lifting, during imagining the action potentials increased linearly with the magnitude of
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the weight and it was more prominent with vivid imagery. Mental imagery influences nascent muscular ac-
tivity and vice versa. As a corollary of this, there should also be a measurable influence of physical actions
on nascent mental imagery in which congruent action enhances image vividness. This prediction was con-
firmed by Shinsuke Hishitani, Takuya Miyazaki, and Hiroki Motoyama who demonstrated that imagery viv-
idness is enhanced by moving an index finger with one’s eyes closed as if drawing the contents of the men-
tal image [70].

Vividness differences are found across tasks and specialist groups with higher or lower than average
skill levels, e.g. air traffic controllers, pilots, Olympic athletes, [71] orchestra conductors [72 ] and surgeons
[73]. Research carried out by Anne Isaac and the author included a sample of children aged 7-15 years
with developmental difficulties in movement control. This sample of children was found to be extremely
poor imagers with 42 per cent reporting no imagery at all [71]. In the same study, physical education stu-
dents reported more vivid imagery than students specializing in physics, English, and surveying and signifi-
cant differences were found between elite athletes’ imagery and that of matched controls. Air traffic control-
lers and pilots were found to have significantly more vivid imagery than matched controls. Self-reports of
imagery vividness show a systematic pattern of relationships with age, gender, and specialization requiring
high-level performance of perceptual motor skills. These findings highlight the connections between mental
imagery and the observation, practice and implementation of actions which can be made all the easier by
specialist neurons that mirror the actions observed in others.

The “‘mirror neuron’ that is responsive to observation of motor actions by others was originally ideni-
tied in the macaque monkey [74]. Then a similar human mirror neuron system was found containing cortical

neurons that respond to observation of other individual’s actions [75] and one’s own physical movements
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[76]. This specific form of motor enactment suggests that type-A schemata are able to create or re-create
motor repertoires that are transferrable between individuals enabling motor regions of the brain can be re-
trained simply by observation [77,78]. | return to the role of others’ actions in section 7 below.

Enactive mental imagery is utilized in the development of brain-computer interfaces (BCI) which have
brain activity as input and an action carried out by an external device as output. BCI enable humans to inter-
act with the environment without using their muscular system [79] by exploiting motor imagery of users
who imagine moving a body part to cause a change in the activity of the motor cortex (MI-BCI) [80]. The
MI-BCI system learns to classify brain activity changes and carry out commands that can be of benefit to
people with motor-impairments [81] following stroke or aging [82]. An investigation of the influence of vis-
ual imagery vividness on MI-BClI used VVIQ scores of novice BCI-users in a left- versus right-hand motor
imagery task [83]. People with vivid imagery were able to produce more skilled MI-BCI performances.

Blumen and colleagues (2014) examined the behavioral and neural correlates of imagined walking
(iwW), imagined talking (iT), and imagined walking-while talking (IWWT) [84]. Thirty-three *cognitively-
healthy’ older adults of average age 73 years performed iW, iT, and IWWT during fMRI. A pattern of brain
regions was found that: (1) varied with imagery task difficulty; (2) involved cerebellar, precuneus, supple-
mentary motor and other prefrontal regions; and (3) was associated with kinesthetic imagery ratings and be-
havioral performance during actual WWT. | turn next to consider affect.

6) Affect
Since Freud’s famous analysis of Anna O, clinical case studies of the imagery-emotion link remain

fascinating but difficult to interpret. The links between imagery and emotion have been said to involve a
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‘special relationship’ involving imagery’s direct influence on emotional systems in the brain to sensory sig-
nals [38]. However research on emotion tends to be piecemeal and lacking in cohesion. For ethical and prac-
tical reasons, hot emotion is not an appropriate topic for laboratory methods except with the most anodyne
stimuli in the form of words, symbols, patterns and pictures. More complex stimuli such as narratives, sto-
ries, music and films have greater ecological validity but the difficulty separating cause from effect makes
their use problematic. Findings of meta-analysis of fMRI studies of autobiographical memory, to give one
example, indicate a complex array of primary, secondary and tertiary brain regions that appear messy and
hard to interpret [85]. In spite of the difficulties, innovative investigations have been making progress.

Again one focus has been on visual imagery vividness which appears to play a role in perceptual decision making
following threatening cues. It enhances the planning of actions to protect and to maximize safety, stability and security
in light of goals, drives and others” behavior. The bio-informational theory of emotional imagery of Peter ] Lang [86]
has been influential. One study used a task in which participants saw threat-related and neutral cues while detecting
perceptually degraded fearful and neutral faces at predetermined perceptual thresholds [87]. Threat cues were found
to improve accuracy, sensitivity, and speed of perceptual decisions compared to neutral cues. Vivid imagery ability
appeared to enable more vivid threat-related type-S schemata, facilitating subsequent perception. After controlling
for performance related to neutral cues, high vividness VVIQ-2 scores were associated with more precise and rapid
decision making following threatening cues.

Kochel et al. (2011) [88] used multi-channel near-infrared spectroscopy (NIRS) with 35 healthy adults
to study their cortical responses to disgusting, happy and neutral pictures and their associated VMI. Their
VVPI was provoke increased oxygenated hemoglobin in occipital regions, while VMI was associated with an

increase in parietal areas. Affective pictures (disgust and happy) provoked greater activation compared to
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neutral ones especially in the left occipital cortex during both VPl and VMI. Participants with higher viv-

idness scores on the VVIQ showed more occipital activation during affective imagery suggesting occipital
activation may be necessary for vivid VMI.

Wicken, Keogh and Pearson (2021) [89] examined the skin conductance of aphantasics (people who claim no
awareness of VMI) with a control group while reading and imagining frightening stories. The results indicated a flat-
line physiological response to reading and imagining frightening stories but not when perceptually viewing fearful
images when the two groups reacted similarly (Figure 7). These findings support the ACT in showing strong affect is

causally related to vivid VML
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Figure 7.Skin conductance data for imagery and perception experiments with aphantasics and controls.

Reproduced from [89] with permission.
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The powerful causal links between emotion and imagery have been exploited in multiple mental health and

neurological interventions and to minimize distress in patients entering hospital for procedures such as surgery. In a

controlled trial with patients receiving abdominal surgery we tested the effects of guided imagery as preoperative

preparation to increase patients' feelings of coping with surgical stress [90]. Twenty-six coping imagery patients were

compared with 25 controls who received no imagery training but only background information about the hospital. We

found that state-anxiety was similar in the two groups prior to the intervention, but the guided imagery patients

experienced less postoperative pain than the controls, were less distressed by it, felt that they coped with it better, and

requested less analgesia. Cortisol levels measured in peripheral venous blood did not differ on the afternoon of

admission, before preparation but were lower in imagery patients than in controls immediately before and after surgery.

Noradrenaline levels were greater on these occasions in imagery patients than controls. Two predictions from ACT

are confirmed by the results of this study: i) VMI produces emotional arousal; ii) rehearsal of coping with pain

ameliorates the adverse emotional arousal associated with pain. Surgeons themselves receive benefit from mental

practice using VMI to reduce their levels of emotional stress [91]. I turn next to goals.

7) Goals

Mental images are strongly linked to goals, including personal, family and community goals. Images reflect

specific goal content and act to maintain goals. A primary function of mental imagery is the selection, rehearsal and

planning of goal-directed activity. ACT assumes that mental rehearsal enables the person to guide and improve actions

in a way that would be more difficult without it. It is assumed that an action goal includes an internal representation

of the external object toward which the action is directed, and the final state when the object is reached. Conscious

mental imagery provides the primary mechanism for goal-directed action planning that needs to adapted to novel
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circumstances while unconscious goal-directed action can occur for automatic, habitual actions such as walking or

typing.

ACT proposes reciprocal causation between imagery, goals, emotion, action, others” action and schemata. New

situations require new images that lead to new goals and vice versa [92]. Visualizing goals requires the imagination of

possible future scenarios and selves. Vivid visualizers compared to individuals with less vivid imagery are able to

construct events and induce more intense emotions and motivation. Motivation to change and to facilitate change can

be raised by vividly imagining the change that one desires. In one study it was found that high vividness VVIQ scores

produced more visual details, other sensory details, clarity of the spatial context and feeling of emotions, and the

intensity and personal importance of future goal-related events was stronger [93].

The different perspectives one uses in imagery of the self can make a difference to future action. There is the

visual perspective of oneself from the first-person perspective versus taking an observer’s third-person perspective.

One study took place on the eve of the 2004 U.S. presidential election when registered voters in Ohio were instructed

to use either the first-person or the third-person perspective to mentally image themselves voting in the election [94].

Imaging voting from the third-person perspective caused participants to adopt a stronger pro-voting mind-set. This

effect carried over to behavior, causing those adopting the third-person perspective to be significantly more likely to

vote in the election.

The motivational power of mental imagery is strengthened through its close link with emotions. Boomsma, Pahl,

and Andrade [95] used an Environmental Mental Imagery scale to assess how vividly and frequently participants could

imagine problems related to the goal of reducing plastic debris floating in the oceans after seeing a video. There were

moderately strong correlations between the participants’ environmental imagery vividness and their pro-
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environmental goals (r= .51, p <.001). Emotive environmental imagery can be internalized as mental images to
influence individuals” personal pro-environmental goals and mitigation strategies.

Innovative imagery approaches are available to improve public engagement with climate change [96]. Elsewhere
this author has suggested that, in line with ACT, global problems caused by human behavior such as warming, poverty
and over-population may be helped by applying mental imagery in creative ways [97]. Human and planetary survival
may ultimately depend on the effective use of the human imagination and especially enactive mental imagery. In
designing solutions to global problems such as warming and population growth, there is no machinery to rival the
human imagination when motivated by strong pro-environmental goals. Thus motivation is the key. Finally I turn to
the role of others” behavior.

8) Others’ behavior

Perception is enactive visuomotor exploration by eye, hand and body of objects, scenes and others” actions. Mirror
neurons are one example. The discovery of mirror neurons was a significant step toward increased understanding of
perception [98]. Mirror neurons fire not only when a person is performing an action but when passively observing a
similar action performed by another. Fully consistent with ACT, mirror neurons are designed for prosocial functions of
action and emotion understanding or empathy, synchronization and psychological homeostasis. There appears to be a
specific kind of type-M schemata for mapping others” actions, emotions and communications. A meta-analysis of 125
fMRI studies revealed an extensive brain network with mirror-like properties [99]. These regions included a core fronto-
parietal network is active during observation and execution of actions with additional mirror areas recruited during
tasks that engage non-motor functions.

Studies using BOLD fMRI have mapped cortical activation during reaching, observed reaching, and

imagined reaching in humans [100].  Strong overlap was found between executed, observed, and imagined
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reaching activations in dorsal premotor cortex as well as in the superior parietal lobe and the intraparietal
sulcus, in accordance with ACT. The mirror neuron system is specific to the type of hand action that is per-
formed (Figure 8).

EXECUTED OBSERVED IMAGINED
REACHING REACHING REACHING
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Figure 8. Overlap between executed, observed, and imagined reaching in left dorsal premotor (superior frontal
sulcus and gyrus) and left posterior parietal areas, on group surface-averaged activations from 15 subjects, displayed
on one subject’s inflated hemisphere. The overlaps in premotor and parietal regions served as regions of interest in the
percent signal change analysis. a) Dorsal view of left hemisphere. b) Medial view of left hemisphere. Executed, observed,
and imagined reaching all activated a medial parietal area located in-between the parieto-occipital sulcus and the

posterior end of the cingulate sulcus, outlined in light blue. Sup. frontal gyr. = superior frontal gyrus; POS = parieto-

occipital sulcus; calcarine = calcarine sulcus; cingulate sulc. = cingulate sulcus. Reproduced from [100] with permission.
Similar to mirror regions for observing others’ actions, emotion mirror regions activate neural schemata for

particular emotions. Empathic emotion of disgust was noted by Charles Darwin: “Disgust refers to something revolting,
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primarily in relation to the sense of taste, as actually perceived or vividly imagined; and secondarily to anything which

causes a similar feeling, through the sense of smell, touch and even eyesight” (Darwin, 1872/1965) [101]. Humans and

other animals have the capacity to perceive and to understand emotional responses in others. The same neural

mechanisms underlie the capacity to experience emotions and to observe and empathize with the emotions of others.

Evidence supporting the hypothesis of a shared capacity comes from several studies. Inhaling odorants that produce

a strong feeling of disgust produce similar fMRI patterning to that occurring by observing video clips of people showing

facial expression of disgust [102]. Observing and feeling disgust appear to activate the same sites in the anterior insula

and anterior cingulate cortex. This finding has been replicated in other laboratories [103]. The shared region appears to

be embedded in distinct functional circuits during observing, imagining and experiencing an emotion which helps to

explain why these three processes feel different to the perceiver [104]. The mirroring of emotion appears to play a

unifying pro-social role in sharing and synchronizing people’s actions and emotions. ACT holds that mirror neurons

alone cannot explain perception without the integration provided by schemata. Schemata provide the necessary

internal models to mediate neural mirror responses within the action control cycle.

Multiple examples of applications to action observation treatments (AOT) have been trialled and tested for

patients with stroke, Parkinson’s disease, multiple sclerosis, cerebral palsy, orthopedic trauma and postsurgical patients

[77,78]. Parkinson’s disease (PD) alters gait patterns from early stages and visual-motor training strategies such as action

observation (AOT) and motor imagery (MI) that are based on the activity of the mirror neuron system (MNS) can

facilitate motor re-learning. A systematic review summarized the evidence of effectiveness of MNS treatments (AO and

MI) to treat gait in patients with PD [105]. The effects of AO and MI were referenced in terms of disease severity, quality

of life, balance, and gait. Training with AO and MI was found to be effective in improving disease severity, quality of

life, balance, and gait in patients with PD [106].
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9) Limitations

This review has focused on the visual system. Yet perception and mental imagery are known to be multimodal

experiences across multiple senses. The focus here has been psychological research and other multidisciplinary

perspectives on vividness have not been covered [107]. This review has also covered principally questionnaire-based

vividness scores from the VVIQ and similar instruments rather than trial-based vividness scores that are sensitive to

momentary variations and are known to yield stronger associations between vividness, brain states and behavior [108].

Thus the reviewed findings may under-represent the full strength of vividness effects. Another limitation is the key role

attributed to three hypothetical kinds of schemata (S, M and P types) when, as yet, no study has definitely identified

the neural cells and regions that embody these entities. This issue remains a challenge for future investigation. Finally,

in spite of its significance, the role of VMI in human imagination and creativity [109 ] has not been included.

10) Conclusions

i)  The study of mental imagery has contributed to the basic understanding of vision.

ii) The ACT provides a coherent and feasible organization for perception and mental imagery. All six

processes and their interconnections receive empirical support from a wide range of studies.

iii) All six domains of perception and mental imagery are influenced by individual differences in viv-

idness.

iv) Real-world applications of ACT show interesting potential to improve human well-being in both

healthy people and patients.

v) Mental imagery can be applied in creative ways to make new collective goals and actions for

change that are necessary to maximize the future prospects of the planet

Funding: The writing of this review received no external funding.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022

26 of 38

Institutional Review Board Statement: No new data were collected for this review article and no institutional review was necessary.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: I acknowledge the contributions of hundreds of investigators whose publications are included in the Reference
list for this review.

Conflicts of Interest: The author declares no conflict of interest.

Title of Site. Available online: URL (accessed on Day Month Year).

REFERENCES

1. Descartes, R. Principles of Philosophy 1644

2. O'Regan, J. Kevin. "Solving the" real" mysteries of visual perception: the world as an outside
memory." Canadian Journal of Psychology/Revue canadienne de psychologie 46, no. 3 (1992): 461.

3. Helmholtz, H. von. “Treatise on Physiological Optics”, p. 209, Translated from the Third German
Edition Edited by James P. C. Southall, Volume II1.

4. Gregory, Richard L. "The Medawar Lecture 2001: Knowledge for Vision: Vision for
Knowledge."” Philosophical Transactions: Biological Sciences (2005): 1231-1251.

5. Bruner, Jerome S., and Leo Postman. "Emotional selectivity in perception and reaction."” Journal
of personality (1947).

6. Hubel, David H., and Torsten N. Wiesel. "Receptive fields, binocular interaction and functional
architecture in the cat's visual cortex.” The Journal of physiology 160, no. 1 (1962): 106.

7. Neisser, Ulric. Cognitive psychology: Classic edition. Psychology press, 2014.

8. Marks, David F. "On the relationship between imagery, body, and mind." Imagery. Current De-
velopments. Routledge (1990):7-38.

9. Marks, David F. “Consciousness, mental imagery and action”. British journal of psychol-

ogy, 90(4), (1999): 567-585.

do0i:10.20944/preprints202211.0324.v1


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022

27 of 38

10. Thomas Nigel JT. “Are theories of imagery theories of imagination? An active perception ap-
proach to conscious mental content.” Cognitive Science 23, no. 2 (1999): 207-245.

11. Jeannerod, Marc, and Jean Decety. "Mental motor imagery: a window into the representational
stages of action.” Current opinion in neurobiology 5, no. 6 (1995): 727-732.

12. O'Regan, J. Kevin, and Alva Noé. "A sensorimotor account of vision and visual conscious-
ness." Behavioral and brain sciences 24, no. 5 (2001): 939-973.

13. Marks, David F. "Individual differences in the vividness of visual imagery and their effect on
function.” The function and nature of imagery (1972): 83-108.

14. Marks, David F. "Visual imagery differences in the recall of pictures.” British journal of Psychol-
ogy 64, no. 1 (1973): 17-24.

15. Andrade, Jackie, Jon May, Catherine Deeprose, Sarah-Jane Baugh, and Giorgio Ganis. "As-
sessing vividness of mental imagery: the Plymouth Sensory Imagery Questionnaire.” British Journal of Psy-
chology 105, no. 4 (2014): 547-563.

16. Isaac, Anne, David F. Marks, and David G. Russell. "An instrument for assessing imagery of
movement: The Vividness of Movement Imagery Questionnaire (VMIQ)." Journal of mental Im-
agery (1986).

17. Croijmans, Ilja, and Qian Janice Wang. "Do you want a description with that wine? The role of
wine mental imagery in consumer's desire to drink using the revised Vividness of Wine Imagery Question-
naire (VWIQ-II)." Journal of Sensory Studies 37, no. 1 (2022): e12712.

18. Marks, David F. "New directions for mental imagery research." Journal of mental imagery 19(3-4)

(1995): 153-167.

do0i:10.20944/preprints202211.0324.v1


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

28 of 38

19. Campos, Alfredo, and Maria José Pérez-Fabello. "Psychometric quality of a revised version Viv-
idness of Visual Imagery Questionnaire.”" Perceptual and motor skills 108, no. 3 (2009): 798-802.

20. Allbutt, John, Jonathan Ling, Martin Rowley, and Mohammed Shafiullah. "Vividness of visual
imagery and social desirable responding: correlations of the vividness of visual imagery questionnaire with
the balanced inventory of desirable responding and the Marlowe—Crowne scale.” Behavior research meth-
0ds 43, no. 3 (2011): 791-799.

21. Runge, Matthew, Valery Bakhilau, Faisa Omer, and Amedeo D’ Angiulli. "Trial-by-Trial Vivid-
ness Self-Reports Versus VVIQ: A Meta-Analytic Comparison of Behavioral, Cognitive and Neurological
Correlations.” Imagination, Cognition and Personality 35, no. 2 (2015): 137-165.

22. Van Essen, David C., Stephen M. Smith, Deanna M. Barch, Timothy EJ Behrens, Essa Yacoub,
Kamil Ugurbil, and Wu-Minn HCP Consortium. "The WU-Minn human connectome project: an over-
view." Neuroimage 80 (2013): 62-79.

23. Craddock, R. Cameron, Saad Jbabdi, Chao-Gan Yan, Joshua T. Vogelstein, F. Xavier Castellanos,
Adriana Di Martino, Clare Kelly, Keith Heberlein, Stan Colcombe, and Michael P. Milham. "Imaging hu-
man connectomes at the macroscale.” Nature methods 10, no. 6 (2013): 524-539.

24. Ganis, Giorgio, William L. Thompson, and Stephen M. Kosslyn. "Brain areas underlying visual
mental imagery and visual perception: an fMRI study.” Cognitive Brain Research 20, no. 2 (2004): 226-241.

25. Cui, Xu, Cameron B. Jeter, Dongni Yang, P. Read Montague, and David M. Eagleman. "Vivid-
ness of mental imagery: individual variability can be measured objectively." Vision research 47, no. 4

(2007): 474-478.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

29 of 38

26. Dijkstra, Nadine, Peter Zeidman, Sasha Ondobaka, Marcel AJ van Gerven, and K. Friston. "Dis-
tinct top-down and bottom-up brain connectivity during visual perception and imagery." Scientific reports 7,
no. 1 (2017): 1-9.

27. Fulford, Jon, Fraser Milton, David Salas, Alicia Smith, Amber Simler, Crawford Winlove, and
Adam Zeman. "The neural correlates of visual imagery vividness—An fMRI study and literature re-
view." Cortex 105 (2018): 26-40.

28. Mitchell, Daniel J., and Rhodri Cusack. "Semantic and emotional content of imagined representa-
tions in human occipitotemporal cortex." Scientific reports 6, no. 1 (2016): 1-14.

29. McKelvie, Stuart J. "The VVIQ as a psychometric test of individual differences in visual imagery
vividness: a critical quantitative review and plea for direction.” Journal of Mental imagery (1995).

30. McKelvie, Stuart J. "The VVIQ and beyond: Vividness and its measurement.” Journal of Mental
imagery 19(3-4) (1995): 197-252.

31. Marks, David F. A general theory of behaviour. London: Sage, 2018.

32. Marks, David F. "I am conscious, therefore, | am: Imagery, affect, action, and a general theory of
behavior.” Brain Sciences 9, no. 5 (2019): 107.

33. Chara Jr, Paul J., and Donald A. Hamm. "An inquiry into the construct validity of the Vividness
of Visual Imagery Questionnaire.” Perceptual and Motor Skills 69, no. 1 (1989): 127-136.

34. Friedlander, Kathryn J., Freya H. Lenton, and Philip A. Fine. "A multifactorial model of visual
imagery and its relationship to creativity and the vividness of Visual Imagery Questionnaire.” Psychology of

Aesthetics, Creativity, and the Arts (2022).


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

30 of 38

35. Rumelhart, David E. "Schemata: The building blocks of cognition.” In Theoretical issues in read-
ing comprehension, pp. 33-58. Routledge, 2017.

36. Emmott, Catherine, and Marc Alexander. Schemata. VVol. 1. de Gruyter, 2014.

37. Brewer, William F., and James C. Treyens. "Role of schemata in memory for places.” Cognitive
psychology 13, no. 2 (1981): 207-230.

38. Head, Henry. (1920). Studies in Neurology. Vol 2. London: Oxford University Press.

39. Piaget, Jean. Language and Thought of the Child: Selected Works vol 5. Routledge, 1926/2005.

40. Bartlett, Frederic Charles, Remembering: A study in experimental and social psychology. Cam-
bridge university press, 1995.

41. Norman, Donald A., and Tim Shallice. "Attention to action.” In Consciousness and self-regula-
tion, pp. 1-18. Springer, Boston, MA, 1986.

42. Schmidt, Richard A. "A schema theory of discrete motor skill learning.” Psychological review 82,
no. 4 (1975): 225.

43. 1to, Masao. "Control of mental activities by internal models in the cerebellum.” Nature Reviews
Neuroscience 9, no. 4 (2008): 304-313.

44. O'Keefe, John, and Lynn Nadel. "Précis of O'Keefe & Nadel's The hippocampus as a cognitive
map." Behavioral and Brain Sciences 2, no. 4 (1979): 487-494.

45. Ghaem, Olivier, Emmanuel Mellet, Fabrice Crivello, Nathalie Tzourio, Bernard Mazoyer, Alain
Berthoz, and Michel Denis. "Mental navigation along memorized routes activates the hippocampus, precu-

neus, and insula." Neuroreport 8, no. 3 (1997): 739-744.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

31 of 38

46. O'Keefe, John, Neil Burgess, James G. Donnett, Kathryn J. Jeffery, and Eleanor A. Maguire.
"Place cells, navigational accuracy, and the human hippocampus." Philosophical Transactions of the Royal
Society of London. Series B: Biological Sciences 353, no. 1373 (1998): 1333-1340.

47. Maguire, Eleanor A., Neil Burgess, James G. Donnett, Richard SJ Frackowiak, Christopher D.
Frith, and John O'Keefe. "Knowing where and getting there: a human navigation network." Science 280, no.
5365 (1998): 921-924.

48. Eichenbaum, Howard. "The role of the hippocampus in navigation is memory." Journal of neuro-
physiology 117, no. 4 (2017): 1785-1796.

49. Lisman, John, Gyorgy Buzsaki, Howard Eichenbaum, Lynn Nadel, Charan Ranganath, and A.
David Redish. "Viewpoints: how the hippocampus contributes to memory, navigation and cognition.” Na-
ture neuroscience 20, no. 11 (2017): 1434-1447.

50. Rolls, Edmund T., and Sylvia Wirth. "Spatial representations in the primate hippocampus, and
their functions in memory and navigation.” Progress in neurobiology 171 (2018): 90-113.

51. Tabi, Younes Adam, Maria Raquel Maio, Bahaaeddin Attaallah, Shannon Dickson, Daniel Drew,
Mohamad Imran Idris, Annika Kienast et al. "Vividness of visual imagery questionnaire scores and their re-
lationship to visual short-term memory performance.” cortex 146 (2022): 186-199.

52. Tullo, Maria Giulia, Hannes Almgren, Frederik VVan de Steen, Valentina Sulpizio, Daniele Mari-
nazzo, and Gaspare Galati. "Individual differences in mental imagery modulate effective connectivity of
scene-selective regions during resting state.” Brain Structure and Function 227, no. 5 (2022): 1831-1842.

53. Xia, Mingrui, Jinhui Wang, and Yong He. "BrainNet Viewer: a network visualization tool for hu-

man brain connectomics.” PloS one 8, no. 7 (2013): €68910.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

32 of 38

54. Maguire, Eleanor A., Hugo J. Spiers, Catriona D. Good, Tom Hartley, Richard SJ Frackowiak,
and Neil Burgess. "Navigation expertise and the human hippocampus: a structural brain imaging analy-
sis." Hippocampus 13, no. 2 (2003): 250-259.

55. Bridge, Holly, Stephen Harrold, Emily A. Holmes, Mark Stokes, and Christopher Kennard.
"Vivid visual mental imagery in the absence of the primary visual cortex.” Journal of neurology 259, no. 6
(2012): 1062-1070.

56. Marks, David F. "Visual imagery differences and eye movements in the recall of pictures.” Per-
ception & Psychophysics 14, no. 3 (1973): 407-412.

57. Johansson, Roger, Jana Holsanova, and Kenneth Homqvist. "The dispersion of eye movements
during visual imagery is related to individual differences in spatial imagery ability.” In Proceedings of the
annual meeting of the cognitive science society, vol. 33, no. 33. 2011.

58. Amedi, Amir, Rafael Malach, and Alvaro Pascual-Leone. "Negative BOLD differentiates visual
imagery and perception.” Neuron 48, no. 5 (2005): 859-872.

59. Revina, Yulia, and Gerrit W. Maus. "Stronger perceptual filling-in of spatiotemporal information
in the blind spot compared with artificial gaps.” Journal of vision 20, no. 4 (2020): 20-20.

60. Michotte, Albert, Georges Thines, and Geneviéve Crabbé. Les complements amodaux des struc-
tures perceptives. Publications universitaires, 1964.

61. Nanay, Bence. "The importance of amodal completion in everyday perception." i-Perception 9,

no. 4 (2018): 2041669518788887.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

33 of 38

62. Zhang, Hongchuan, Jiangang Liu, David E. Huber, Cory A. Rieth, Jie Tian, and Kang Lee. "De-
tecting faces in pure noise images: a functional MRI study on top-down perception.” Neuroreport 19, no. 2
(2008): 229-233.

63. Salge, J.H., Pollmann, S. & Reeder, R.R. “Anomalous visual experience is linked to perceptual
uncertainty and visual imagery vividness.” Psychological Research 85, 1848-1865 (2021).
https://doi.org/10.1007/s00426-020-01364-7

64. James, Karin H., and Isabel Gauthier. "Letter processing automatically recruits a sensory—motor
brain network." Neuropsychologia 44, no. 14 (2006): 2937-2949.

65. Gibbs Jr, Raymond W., and Eric A. Berg. "Mental imagery and embodied activity.” Journal of
Mental Imagery (2002).

66. Newton, Natika. "Foundations of understanding.” Foundations of Understanding (1996): 1-221.

67. Gilboa, Asaf, and Hannah Marlatte. "Neurobiology of schemas and schema-mediated
memory." Trends in cognitive sciences 21, no. 8 (2017): 618-631

68. Kaiser, Daniel, Jacopo Turini, and Radoslaw M. Cichy. "A neural mechanism for contextualizing
fragmented inputs during naturalistic vision." elife 8 (2019): e48182.

69. Shaw, William Asbury. "The relation of muscular action potentials to imaginal weight lift-
ing." Archives of Psychology (Columbia University) (1940).

70. Hishitani, Shinsuke, Takuya Miyazaki, and Hiroki Motoyama. "Some mechanisms responsible for
the vividness of mental imagery: Suppressor, closer, and other functions." Journal of mental imagery 35, no.

1&2 (2011): 5-32.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

34 of 38

71. lsaac, Anne R., and David F. Marks. "Individual differences in mental imagery experience: devel-
opmental changes and specialization." British Journal of Psychology 85, no. 4 (1994): 479-500.

72. Conductors Wollner, Clemens. "Anticipated sonic actions and sounds in performance.” The Ox-
ford Handbook of Sound and Imagination, Volume 2 (2019): 37.

73. Sevdalis, Nick, Aidan Moran, and Sonal Arora. "Mental imagery and mental practice applications
in surgery: state of the art and future directions.” Multisensory imagery (2013): 343-363.

74. Di Pellegrino, Giuseppe, Luciano Fadiga, Leonardo Fogassi, Vittorio Gallese, and Giacomo Riz-
zolatti. "Understanding motor events: a neurophysiological study.” Experimental brain research 91, no. 1
(1992): 176-180.

75. lacoboni, Marco, Roger P. Woods, Marcel Brass, Harold Bekkering, John C. Mazziotta, and Gia-
como Rizzolatti. "Cortical mechanisms of human imitation.” science 286, no. 5449 (1999): 2526-2528.

76. Mukamel, Roy, Arne D. Ekstrom, Jonas Kaplan, Marco lacoboni, and Itzhak Fried. "Single-neu-
ron responses in humans during execution and observation of actions.” Current biology 20, no. 8 (2010):
750-756.

77. Cook, Richard, Geoffrey Bird, Caroline Catmur, Clare Press, and Cecilia Heyes. "Mirror neurons:
from origin to function.” Behavioral and brain sciences 37, no. 2 (2014): 177-192.

78. Belkacem, Abdelkader Nasreddine, Nuraini Jamil, Jason A. Palmer, Sofia Ouhbi, and Chao Chen.
"Brain computer interfaces for improving the quality of life of older adults and elderly patients.”" Frontiers

in Neuroscience 14 (2020): 692.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

35 of 38

79. Leeuwis, Nikki, Alissa Paas, and Maryam Alimardani. "Vividness of visual imagery and person-
ality impact motor-imagery brain computer interfaces." Frontiers in Human Neuroscience 15 (2021):
634748.

80. Thompson, Margaret C. "Critiquing the concept of BCl illiteracy.” Science and engineering eth-
ics 25, no. 4 (2019): 1217-1233.

81. Mane, Ravikiran, Tushar Chouhan, and Cuntai Guan. "BCI for stroke rehabilitation: motor and
beyond." Journal of Neural Engineering 17, no. 4 (2020): 041001.

82. Leeuwis, Nikki, Alissa Paas, and Maryam Alimardani. "Vividness of visual imagery and person-
ality impact motor-imagery brain computer interfaces.” Frontiers in Human Neuroscience 15 (2021):
634748.

83. Blumen, Helena M., Roee Holtzer, Lucy L. Brown, Yunglin Gazes, and Joe Verghese. "Behav-
ioral and neural correlates of imagined walking and walking-while-talking in the elderly." Human Brain
Mapping 8, no. 35 (2014): 4090-4104.

84. Svoboda, Eva, Margaret C. McKinnon, and Brian Levine. "The functional neuroanatomy of auto-
biographical memory: a meta-analysis." Neuropsychologia 44, no. 12 (2006): 2189-2208.

85. Lang, Peter J. "A bio-informational theory of emotional imagery." Psychophysiology 16, no. 6
(1979): 495-512.

86. Imbriano, Gabriella, Tamara J. Sussman, Jingwen Jin, and Aprajita Mohanty. "The role of im-

agery in threat-related perceptual decision making." Emotion 20, no. 8 (2020): 1495.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

36 of 38

87. Kochel, Angelika, Michael M. Plichta, Axel Schafer, Verena Leutgeb, Wilfried Scharmller, An-
dreas J. Fallgatter, and Anne Schienle. "Affective perception and imagery: a NIRS study." International
Journal of psychophysiology 80, no. 3 (2011): 192-197.

88. Wicken, Marcus, Rebecca Keogh, and Joel Pearson. "The critical role of mental imagery in hu-
man emotion: insights from fear-based imagery and aphantasia.” Proceedings of the Royal Society B 288,
no. 1946 (2021): 20210267.

89. Manyande, Anne, Simon Berg, Doreen Gettins, S. Clare Stanford, Sarah Mazhero, David F.
Marks, and Peter Salmon. "Preoperative rehearsal of active coping imagery influences subjective and hor-
monal responses to abdominal surgery." Psychosomatic medicine 57, no. 2 (1995): 177-182.

90. Arora, Sonal, Rajesh Aggarwal, Aidan Moran, Pramudith Sirimanna, Patrice Crochet, Ara Darzi,
Roger Kneebone, and Nick Sevdalis. "Mental practice: effective stress management training for novice sur-
geons.” Journal of the American College of Surgeons 212, no. 2 (2011): 225-233.

91. Louridas, M., E. M. Bonrath, D. A. Sinclair, N. J. Dedy, and T. P. Grantcharov. "Randomized
clinical trial to evaluate mental practice in enhancing advanced laparoscopic surgical performance.” Journal
of British Surgery 102, no. 1 (2015): 37-44.

92. Conway, Martin, Kevin Meares, and Sally Standart. "Images and goals.” Memory 12, no. 4
(2004): 525-531.

93. D’Argembeau, Arnaud, and Martial Van der Linden. "Individual differences in the phenomenol-
ogy of mental time travel: The effect of vivid visual imagery and emotion regulation strategies." Conscious-

ness and cognition 15, no. 2 (2006): 342-350.


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022

37 of 38

do0i:10.20944/preprints202211.0324.v1

94. Libby, Lisa K., Eric M. Shaeffer, Richard P. Eibach, and Jonathan A. Slemmer. "Picture yourself
at the polls: Visual perspective in mental imagery affects self-perception and behavior." Psychological Sci-
ence 18, no. 3 (2007): 199-203.

95. Boomsma, Christine, Sabine Pahl, and Jackie Andrade. "Imagining change: An integrative ap-
proach toward explaining the motivational role of mental imagery in pro-environmental behavior.” Frontiers
in psychology 7 (2016): 1780.

96. Lee, Pei-Shan, Yu-Hsien Sung, Chia-Chun Wu, Liang-Chu Ho, and Wen-Bin Chiou. "Using epi-
sodic future thinking to pre-experience climate change increases pro-environmental behavior." Environment
and Behavior 52, no. 1 (2020): 60-81.

97. Marks, David F. "Mental imagery: Pure and applied." 7" X — i ZEZ 5 ZE= The Japanese
journal of mental imagery 8, no. 1 (2010): 1-9.

98. Bonini, Luca, Cristina Rotunno, Edoardo Arcuri, and Vittorio Gallese. "Mirror neurons 30 years
later: implications and applications." Trends in Cognitive Sciences (2022).

99. Molenberghs, Pascal, Ross Cunnington, and Jason B. Mattingley. "Brain regions with mirror
properties: a meta-analysis of 125 human fMRI studies.” Neuroscience & biobehavioral reviews 36, no. 1
(2012): 341-349.

100. Filimon, Flavia, Jonathan D. Nelson, Donald J. Hagler, and Martin I. Sereno. "Human cortical rep-
resentations for reaching: mirror neurons for execution, observation, and imagery." Neuroimage 37, no. 4
(2007): 1315-1328.

101. Darwin, Charles. "The Expression of the Emotions in Man and Animals. Chicago (University of

Chicago Press) 1965." (1965).


https://doi.org/10.20944/preprints202211.0324.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 November 2022 d0i:10.20944/preprints202211.0324.v1

38 of 38

102. Wicker, Bruno, Christian Keysers, Jane Plailly, Jean-Pierre Royet, Vittorio Gallese, and Giacomo
Rizzolatti. "Both of us disgusted in My insula: the common neural basis of seeing and feeling disgust.” Neu-
ron 40, no. 3 (2003): 655-664.

103. Bensafi, Moustafa, Noam Sobel, and Rehan M. Khan. "Hedonic-specific activity in piriform cor-
tex during odor imagery mimics that during odor perception.” Journal of Neurophysiology 98, no. 6 (2007):
3254-3262.

104. Aflalo, Tyson, Srinivas Chivukula, Carey Zhang, Emily R. Rosario, Nader Pouratian, and Richard
A. Andersen. "Cognition through internal models: Mirror neurons as one manifestation of a broader mecha-
nism." bioRxiv (2022).

105. Lahuerta-Martin, Silvia, Rocio Llamas-Ramos, and Inés Llamas-Ramos. "Effectiveness of Thera-
pies Based on Mirror Neuron System to Treat Gait in Patients with Parkinson’s Disease—A Systematic Re-
view." Journal of Clinical Medicine 11, no. 14 (2022): 4236.

106. Patel, Mitesh. "Action observation in the modification of postural sway and gait: Theory and use
in rehabilitation.” Gait & posture 58 (2017): 115-120.

107. Molokopoy, Violetta, and Amedeo D’ Angiulli. "Multidisciplinary Intersections on Artificial-Hu-
man Vividness: Phenomenology, Representation, and the Brain." Brain Sciences 12, no. 11 (2022): 1495.

108. Runge, Matthew S., Mike WL Cheung, and Amedeo D’Angiulli. "Meta-analytic comparison of
trial-versus questionnaire-based vividness reportability across behavioral, cognitive and neural measure-
ments of imagery." Neuroscience of Consciousness 2017, no. 1 (2017): nix006.

109. LeBoutillier, Nicholas, and David F. Marks. "Mental imagery and creativity: A meta-analytic re-

view study." British Journal of Psychology 94, no. 1 (2003): 29-44.


https://doi.org/10.20944/preprints202211.0324.v1

