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We examined the spatial transformations of mental images of 34 

participants male and female, undergraduate psychology students, 

who were asked - while they were looking with closed eyes at a 

mental image consisting of a table on which an apple was placed - 

to actively increase the distance between the first sacral vertebra and 

the 12
th

 dorsal. The participants were previously subjected to a 

lengthening training of that section of the vertebral column. During 

the experimental task, while the participant observed the mental 

image, the experimenter measured in centimeters the lengthening of 

the sacrum-dorsal tract. Our research considers two interacting 

characteristics of  visual space’s perception both in external real and 

in imagined space. The first is constituted by concrete objects-

stimuli which are visually perceptible and whose extension and 

mutual distance can be measured; the second has a formless form, 

i.e. an abstract form without concrete objects, always present, but 

which every person has full awareness and perceives its presence as 

a particular form of feelings, projecting it on the external 

environment. This form of space perception interposes between 

separate objects and envelops both objects and the observer himself, 

also defining the horizon of the world. This form is not visually 

perceivable, if not indirectly, like the distance between the objects. 

We can name this second component of space as “space-container”. 

Starting from the reflection that the body as a unitary structure 

constitutes the first spatial experience, we hypothesize that the 

integrated proprioceptive perception of muscular tonic activity of 

the body scaffolding is at the basis of the “perceptual” feeling that 

characterizes what we named “space-container”. Our hypothesis 

concerns the idea that the interaction between the two components is 

cross-modal. In this interaction the visual cerebral representation is 

connected, both in visual perception and visual imagery with the 

perception of postural muscular tensions (due to oscillations in 
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muscle tone) of the different body districts directly or indirectly 

interacting with each other.  The tensions are perceptually unified to 

produce a perception of an unitary feelings. In the present research 

we focus essentially on the role  of isometric variations of  relatively 

stable muscles tone. In conclusion we hypothesize that by modifying 

the relations between the muscular tensions of the bodily districts of 

the postural scaffolding, we can modify the visual spatial 

perception-like relations between  the imagined objects. Our results 

seem to confirm these hypotheses. It is interesting that 23% of the 

participants observed, during the task, a lifting of the apple from the 

table. 
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The aim of the present research is to identify some 

physiological components that underlie the 

perception-like (Finke,1980, 1985) of space which 

is present in mental visual representations of 

imagery. Investigations about imagery (for the 

extensive literature on the topic see below) has 

showed that visual perception and visual imagery 

have in common, in producing visual 

representations, similar anatomic neuro-

physiological structures and processes. In the 

present research the process of the space of imagery 

is a first step in the study of space; the analysis of 

the perception of real external space will be 

developed in future investigations. 

Hypothesis: 

Now we examined the spatial transformations of 

mental images of the 30 participants who were 

asked to imagine, with their eyes closed, an apple 

placed on a table. Immediately afterwards they were 

asked, as they continued to produce the same image, 

to increase the distance between their sacral and 

thoracic vertebrae and to report what they observed. 

We hypothesize that by changing the distance 

between two body districts, we change the level of 

muscle tone in the postural musculature that 

connects them. 

Space perception: the two components of the visual 

space. A perceptual paradox. 

First of all, we believe that the perception of space 

presents a peculiarity due to the simultaneous 

presence of two interacting components: 1) the 

perception of concrete objects that have a visually 

perceptible and measurable space (both as an 

extension of the object and as a distance between 

objects) and 2) an empty space without objects, a 

formless shape, apparently not concrete, as abstract 

form, that interposes itself between objects, 

highlights its distance, envelops both objects and the 

same observer and draws the horizon and the 

boundaries of the perceivable external world. We 

define this second component of space as a 

“container-space ”. The perception of it is not 

visual, but we linked this form of perceptual 

awareness to the feelings of our presence in space.   

The interaction between these two components 

generates the space’s perception as an unitary 

experience. 

The psychophysiological problem that we pose is to 

help understanding how to connect visual sensory 

processes, on the one hand, with processes of this 

awareness concerning a particular form of feeling in 

the perception of space, on the other. Thus, we have 

initially  focused our attention on the stable 

perception that the person has of "being in the 

world" by occupying a concrete physical space with 

his body. The second point is connected to the fact 

that the body, at the same time, presents itself as a 

unitary structure committed also by various 

articulated districts that can act independently (for 

example, I can move an arm without moving the leg 

or the pelvis, etc.) but  they are always and always 

perceived as parts of the unitary structure. So we 

start from the fundamental idea that the perception 

of one's body as an integrated unitary structure, is 

the first nuclear experience of space that is in 

dynamic interaction with visual perception of space.    

Therefore our hypothesis can be considered a 

development of the idea, shared by a large part of 

the literature, on the cross-modal perception of 
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space. This idea emphasizes the perception of body 

variables: its dimensions, its shape, its weight, the 

relations between the body and external world, the 

spatial positions assumed by the posture (vertical, 

horizontal, etc.), the gravitationnal components etc. 

(Gibson, 1979; Goldstein, 1981; Farah and Peer that 

reviewed only Full text available on Eric, 1988; 

Natsoulas, 1990; Bartolomeo, 2002; Carello & 

Turvey, 2004; Lalanne & Lorenceaua, 2004); 

(Linkenauger, Leyrer, Bülthoff, & Mohler, 2013; 

Witt & Riley, 2014; Favela, Riley, Shockley, & 

Chemero, 2018); Thus, as it emerges in scientific 

thought, the perception of space, albeit automated, 

is actually a complex process that involves different 

functional levels of the individual. 

Reflecting on which sensory basis of the body could 

provide significant information about the 

"perception that the individual has of his own 

space", we also highlight the role of the muscular 

system – among the other roles - which has both 

motor and sensorial-perceptive components 

(proprioception of muscular activity both 

concerning movement and tonic-postural activity). 

About the muscular system, we share the opinion of 

Carello and Tyrney (2004) as they argue: ”The 

sensibility associated with muscles contributes little 

to the conceptual content current in psychology. In 

part, this is because perceptions achieved through 

the muscle sense typically go unnoticed. (…) 

nonetheless, researchers have discovered a rich 

variety of muscle-based perceptual capabilities (p. 

25-28)”.  

Integrated Perception 

According to this background, we focused on 

analyzing the role of muscle tone in the muscles that 

characterize a certain posture, reflecting on the fact 

that besides maintaining a postural balance, the 

muscles themselves collaborate in the integrated 

cerebral representation of the perception of one's 

body. This cortical representation forms the basis of 

the Body Image. This functional conception 

overcomes the traditional distinction (Schilder, 

1935) between Body Schema (which controls only 

motor activity) and Body Image (Fisher, 1986), 

which thus acquires a psycho-physiological role 

(Ruggieri, 2001,2011). Therefore we think that the 

cortical synthesis of the variations concerning the 

tonic tensions of the all body muscles, in turn 

generating the postural-bodily attitudes, plays an 

important role in perceiving the body as an unitary 

structure.  

As is well-known, the characteristic of this muscular 

activity is the isometric contraction, which the 

physiology distinguishes from the isotonic 

contractions proper to the movement, though the 

two modes are mutually interacting. Isometric 

contractions (contractions without muscle 

shortening, but with continuous changes in tension) 

are characteristics of tonic-postural activity, whose 

role in tone regulation of postural equilibrium is 

well-known. 

The muscles of the body are interconnected to form 

a single network 

Our central assumption on the functioning 

modalities of tonic-postural activity is  that all  

bodily districts are functionally interconnected 

through a dynamic activity of all the muscles of the 

body tonic-postural system. We think that by virtue 

of the activity of these interconnections between the 

muscles, the person perceives his body as a spatially 

compact one and as an unitary structure.   

In other words, the muscular system shapes around 

the osteo-articular apparatus a sort of lining in 

which the muscle fibers, either working indirectly 

through the joints, or working directly by inserting 

on the same bone, are anatomic-functionally 

interconnected to form a compact weave that wraps 

around the body like a sweater. This structure that 

we can perceive as a wraparound mesh would be the 

basis of the sensorial perception of the subjective 

feeling concerning the presence of a unitary spatial 

corporeal reality which is in turn placed in the wider 

space of an external world.  

What in philosophical reflection (Heidegger, 1926, 

reprinted 2006) is considered as "being", in the 

experimental approach is investigated using the 

conceptual category of "the perception of being" 

(Ruggieri, 2010). The perception of “being” as an 

individual is the result of a psycho-corporeal unit 

interacting with the external environment. 

Some modifications of the level of tonic-postural 

tension regarding the fibers of the mesh, can evolve 

both in the isotonic contractions of the movement, 

with an evident shortening of the length of the 

fibers, and can show "variations of the tonic 

attitude" of the postural balance of the whole body 

that characterizes a certain posture. The changes in 

tone are produced by variations in isometric 

contractions that are the basis for minimal, but 

significant lengthening or shortening of the fibers of 

a district. These kind of movements produce effects 

of traction or relaxation which 1) can also extend to 

other neighboring districts and 2) can generate 

reflex muscle tonic adjustments of the whole body. 

 These adjustments are necessary for maintaining 

postural balance. This work of knitting can bring 
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body districts closer or further away. The mesh can 

therefore be narrow or wide initially in some 

districts but the tonic variation activity can extend 

in different degrees to the whole body. In this way 

variations in the distances between districts are 

created.  

We also think that this dynamic concerning the 

perception of postural tensions interacts with the 

visual perception of space and that the two 

perceptive systems influence each other. 

Feelings 

All modifications of the knit compactness are 

reproduced at the level of cerebral representation. 

We point out that the brain would not only record 

the variations in the shape of the "mesh" but also 

collect by unifying them, the formless 

proprioceptive "sensations" being generated by the 

same variations of muscular tension of the postural 

tone.  

This second type of information, in addition to 

sensations of tonic-postural tension variation that is 

limited to a district, would be connected to all the 

proprioceptive sensations of the whole body that 

continuously reach the brain from the muscular 

periphery. We hypothesize that this last mechanism 

would be the basis of the subjectively perceived 

feeling. The term feeling can be applied to different 

types of experiences: for example to "feel light" or 

"heavy" or to particular emotional situations such as 

anger, joy, sadness etc. As regards to emotions, the 

variations in muscular tension would connect, in 

agreement with the theory of James and Lange 

(1890, 1887), to other types of sensory information 

(visceral) to produce the specific feeling of each 

emotion (Ruggieri, 1988 , 2011). A previous 

research (Ruggieri and Spinoso, 2017) has shown 

that changes in the body's global attitude, in which 

variations in postural tensions are evident, also 

produce in percipients significant changes in 

positive or negative emotional feelings. 

In this work we intend to focus on a particular 

feeling, that is on the sensations that make us 

conscious of having a spatially unitary body 

structure immersed in the wider space of the 

external world. 

The space in imagery. Mental representation in 

common for both perception and imagery. 

Our research is also connected to the debate, which 

is also very extensive and controversial, on the 

physiological similarities and differences between 

visual mental representations generated by external 

perceptual stimuli, on the one hand, and those 

produced only by imagery, on the other. The 

majority of authors suppose that between the two 

processes there is a substantial similarity even in the 

construction of the components of mental images 

and in their mutual relations  (Mast et al.,2003; 

Kosslyn, 1978; Farah, 1989, Farah, 1988; Farah et 

al., 1988; Finke and Kosslyn 1980; Finke, 1980; 

Finke, 1989; Finke, 1985; Ganis, Thompson and 

Kosslyn, 2004; Ishay, A., and Sagi, D., 1995; 

Kosslyn, 1994; Kosslyn, Ganis and Thompson, 

2001; Kossslyn and Thompson 2003; Kosslyn 

Ganis and Thompson, 2003; Kosslyn, 1999; 

Kosslyn et al., 1996; Levine et.al. s 1985; Li, Piech 

and Gilbert; 2004; Mazard et al., 2004; Mechelli et 

al., 2004; Mellet et al., 1996; Nanai; 2010; Paivio, 

1986; Slotnick Thompson and Kosslyn 2005, 2012 

Segal and Fusella, 1970 Mechelli et al., 2004, Mast 

et al 2003; Ruggieri and Persico,2017;Joel et 

al,2015). 

Thus, we start emphasizing the physiological 

similarity of the two processes, i.e. visual imagery 

and visual perception, highlighting the fact that they 

both produce mental representations that are similar 

and in some ways the representation of space in 

imagery is similar to real perception.  

Therefore we believe not only that the “real” visual 

perception and the perception like (Finke 1980, 

1985) of the imagery, have in common the mental 

“representation”. Moreover, we consider that the 

represented objects occupy a space in the imagery, 

with relative distances between the detectable 

objects and the subject he imagines.  

Considering the hypothesized role of the unitary 

perception of individual’s own body as a basis, in 

interaction with visual perception, we refer to the 

research of Mast et al. (2003) that investigated the 

role of body position on the performance regarding 

four distinct types of mental imagery processing 

(abstract citation). They also support “that imagery 

tasks require a subjective reference frame, within 

the task is performed. In principle, we can 

distinguish between two different types of 

coordinates that define a spatial frame of reference, 

egocentric and exocentric coordinates. An 

egocentric frame of reference is defined by an axis 

of the observer’s body such as the longitudinal body 

axis, the normally vertical  retinal meridian, the 

midline of the trunk or the head z-axis. In the 

current context, we will consider the unitary frame 

of the body as a whole. An exocentric reference 

frame is defined with respect to external space. It 

can be anchored to the midline of the visual 

environment” (p.1 and 2). 
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In conclusion in the present research we 

hypothesize that changes in spatial distances 

between the districts generated by changes in 

muscle tonic tensions, in turn, modify the spatial 

relationships of the imagined objects. 

Materials and Method 

Participants 

The group consisted of 34 participants among 

undergraduate psychology students (11 males and 

23 Females) who were invited to take part in a 

research on imagery.  

Compliance with Ethical Standards 

All procedures performed in studies involving 

human participants were in accordance with the 

ethical standards of the institutional and/or national 

research committee (include name of committee + 

reference number) and with the 1964 Helsinki 

declaration and its later amendments or comparable 

ethical standards. 

Informed consent 

Informed consent was obtained from all individual 

participants included in the study. 

Conflict of Interest 

The authors declare that they have no conflict of 

interest. 

Instructions 

The participants wearing their daily clothes with a 

shirt or light shirt were invited to sit on a stool 

without a backrest. The experimenter asked them to 

imagine with their eyes open a mental image 

representing a table placed spatially at eye level, on 

which an apple was placed. The experimenter asked 

them if they had succeeded in producing the 

required image. He then said to them: "Now I will 

tactically show you, by gently pressing with my 

finger, on two points of the spine located 

respectively a) at the sacrum and b) at the last dorsal 

vertebra". While saying this, the experimenter 

indicated the two points with a slight digital 

pressure and immediately afterwards he/she applied 

a colored sticker on each of the two points. He then 

asked the participants to distance the two points and 

check their ability to make the spinal column 

lengthen, distancing the points. 

In a second phase, participants were asked to close 

their eyes and to reproduce the same mental image 

of an apple on a table and to say "yes" when the 

image appeared clearly. The experimenter measured 

with a cm the distance between the two points 

marked by the colored adhesive. Then the 

experimenter asked to distance the two points (with 

a movement upwards) and to say if he observed 

changes in the image. Naturally the experimenter 

measured with the cm the degree of elongation 

produced. 

 
Fig. 1 

Results 

Two different ways of stretching have appeared 1) 

unidirectional (from bottom to top): mean value cm 

2,917 SD.996 and 2) bidirectional: mean value cm 

3.86 SD 1.054. In 12 (35%) participants the pelvis 

was  motionless; in 16 (47%) the lengthening was 

bidirectional, in 6 (18%) was without lengthening. 

30 participants (88%) observed changes in the 

mental image during the lengthening of the spine. 

The answers observed were: 1) Lifting the apple 

with respect to the table in 8 (23%) participants 

Fig.2; 2) enlargement of the image as a whole in 11 

(32%) participants. Fig3; 3) change of perspective 

(as if the table and the apple were seen from above 

in 5 (15%) detail Fig, 4; 4) disappearance of the 

image in 4 (12%); 5) no change in 4 (12%); 6) other 

in 2 (6%). 

 

Fig. 2 
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Fig. 3 
 

 

Fig. 4 

 

Tab. 1 - Columns show spine lengthening variations. Rows show imagine changes 

POSTURAL 
CHANGES 

Apple rising Apple 

growth 

Perspective 
change 

Apple 
disappears 

No 
changes 

Other Total 

Monodirectional 
lengthening 

6 3 2 0 0 1 12 

Bidirectional 
lengthening 

2 7 3 2 1 1 16 

No lengthening 0 1 0 2 3 0 6 

Total 8 11 5 4 4 2 34 

Table 1 shows the changes in the image in relation 

to the lengthening of the column. The differences 

are statistically significant. Chi2 square 21.755, p 

<.0164 df 10. Contingency co-efficient .625; 

Cramas V .566. 

These results show a clear relationship between the 

form of imagination and the distance between body-

muscle districts. Among the responses we underline 

that in the 23% of the group the increase in the 

distance between the sacral and dorsal vertebrae 

(relative body districts) generates an empty space 

without form. 

Conclusions and comment 

The hypothesis that we wanted to verify with this 

investigation revolved around the identification of 

perceptive signals that had a possible role, alongside 

visual perception-like of imagery, in the 

construction of spatial experience. In fact, research 

in this area (see introduction) is increasingly 

oriented towards a cross-modal perception. In this 

sense we highlight a survey carried out in our  

laboratory (Ruggieri and Cocchia, 2012) which 

showed a relationship between the distances 

between objects which can be perceived visually 

and the listening of the rhythmic frequencies 

produced by a metronome. Listening to high 

metronomic frequencies greatly reduce, in a 

statistically significant way, the perception of the 

distance between objects. 

In the present investigation we examined the 

relationship between visual representations 

(perceptive-like according to Finke 1985) and 

perception of one's body understood as a unitary 

structure. Let's start from the idea that the unitary 

perception of the body would constitute a first and 

fundamental experience of a first space that would 

enter into close interaction with visual perception.  

We think that the formal unity of our body would be 

generated by a weaving of muscles which, in a basic 

condition, form a sort of mesh that envelops the 

whole body. The perception of this mesh would 

consist in the proprioceptive sensory perception of 

the tonic-postural activity of the whole body’s 

muscles. This mesh therefore essentially presents 
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variations of isometric contractions. These 

variations can modify the shape of the muscular 

texture producing effects on the interactive bonds of 

the body districts, determining their closer approach 

or relative distancing. Thus, the hypothesis is that 

significant changes in muscle texture can modify 

aspects of spatial perception. 

As far as spatial perception is concerned, we start by 

finding a sort of paradox: the perception refers both 

to stimuli that have a concrete spatial extension 

(extension of objects-stimulus; distances between 

objects) and to an “abstract space” without concrete 

stimuli that is introduced between the objects, 

enveloping the individual and defining the horizon. 

This space that we have called "container-space" is 

not visually perceived but is nevertheless felt as an 

external reality. We therefore face an exclusively 

sensorial perception projected onto the external 

environment. We think that this global bodily 

sensation has a basis in the continuous perception of 

postural muscular tensions in the mesh. It would be 

the product of a cerebral synthesis of all the 

muscular signals that, starting from the periphery of 

the body, reach the brain and from there they are 

projected to the outside. 

The results of the research seem to confirm our 

hypothesis. In fact a bidirectional lengthening of the 

vertebral column determines an enlargement of the 

imagined objects, while a unidirectional lengthening 

produces a different perspective point ( as if both 

the objects were seen from above)  the even more 

surprising result, was the creation of an “empty 

space”: 8 participants – i.e. 23% of the members of 

the group – saw the apple rising from the table, thus 

somehow introducing us to the understanding of the 

perception of what we have called - the "space-

container".  

These first results must be confirmed by further 

research. These investigations on the perception-like 

space of mental images must extend to the 

verification of the hypothesis in the "real" 

perception. 
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