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Summary / Abstract 

It has been proposed to study the influence of a cognitive process (time of decision) and a sensory process (time of 
discrimination), on the internal representational system. . To this end, two experiments have been designed, 
respectively, focused on Mental Rotation of Images and Discrimination of Oriented Angles, using the method of 
constant stimuli under the 2AFC (Two Alternatives Force Choice) procedure. Additionally, the Vivacity of Mental 
Images was measured (VVIQ: Test that measures the ability to manipulate internal representations). With this 
objective, oriented stimuli (hands or angles) were used and psychophysical methods (chronometric function and 
psychometric function) were applied. 

It has been conjectured the existence of three planes that make up cognition (psychological plane), sensation 
(physiological or psychophysical plane) and stimuli (physical plane), which are determined by the bivariate 
relationships between stimulus-sensation, stimulus-cognition and sensation-cognition. The physical plane is 
determined by the variable orientation of the stimulus (hands or angles), being presented in: 0º, 45º, 90º, 135º and 
180º.  The cognitive plane is indicated by the decision time in a task of mental rotation of hands. And the sensory 
(physiological) plane is assessed by the time of discrimination (chronometric function) or by parameters derived 
from the Fechnerian psychophysics (PIS, DIQ, kWeber). 

From the data obtained in the first two experiments and the scores recorded by the third by means of the VVIQ Test, 
a Principal Component Analysis (ACP, with a Barlett significance better than 1: 1000) and other analyzes have been 
carried out Statisticians The results reveal how they arise interact at different levels, allowing quantify the weights of 
the factors that make up the component and orthogonal dimensions. . 

From four components of the ACP it is possible to explain 73% of the variability of the data in the three tests (the 
sensory, the cognitive and the subjective imagery), confirming that in addition to taking place processes at low levels 
(sensory, -component 2-) and high (cognitive, -component1-), the interaction in the sensory-cognitive plane 
(components 3 and 4) is also observed. 

 

Keywords: psychophysics; stimulation, sensation, cognition; experimental, empirical. 
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INTRODUCTION AND PREMISES 

When we look at the environment, animal organisms and the human subject, we notice several levels and planes of 
reality and relationship. 

The physical plane is mainly configured by the environment, usually with stimuli for the organism. Another 
configured factor is in the physiological plane of sensations, that of organisms with their complex constitutive 
structure (such as living beings with biological basis), and finally the psychic or cognitive plane, in which the most 
identifying function of many mammals and primates (possibly from the most common animal pets in our homes, to 
the same humans already markedly). 

But the integration of the three is what makes an interrelational drawing possibly more interpretively useful, with 
the dependencies and also the different degrees of freedom of the subjects. 

That we know, there is currently no similar interaction approach, which is based on an experimental framework that 
uses psychophysical signals in the three referenced planes, with three dimensions and establishing correspondences 
with these planes. 

To achieve this, the two fundamental framework assumptions used here are: (1st) the <Fechner-Stevens-Pieron> 
paradigm, from the field of recognized psychophysics, with laws with their variants of stimuli and sensations, and as 
(2nd) on the other hand, the <Shepard-Metzler> mental rotation paradigm, also in the field of psychophysics and 
specifically of <mental chronometry>. 

The latter with a relevant indicator, referred to in the phrase "operating time is cognition", which today is assumed 
by much of the psychological community as a good indicator, and also by having its correlate associated by fMRI, it is 
also associated in the neuroscience community, as well as in computing (if we adopt computing capacity units such 
as Flops: Float Operating Point per Second, which is also in the ratio line with temporal measurement ). 

This last indicative premise is established to reference the cognitive dimension with its mental representations (R). In 
a (3rd) place, in the field of “image visualization”, we hypothetically associate the paradigm of the Yerkes-Dobson 
law, which by means of the VVIQ test (Vividness Visual Imaginary Questionary), also correlates, apart from a 
subjective scale psychological, in 73% by fMRI, with different subjects analyzed and containing an objective correlate 
of representational mental activity. 

 

 

GENERAL AND SPECIFIC OBJECTIVES 

The general objective of this work is to <examine relationships between 3 tasks that operate at different levels>: 

1) Sensory: Simple discriminative reaction time, from a physical visual stimulus of angles and their orientations 

2) Cognitive: Reaction time to choice (decision time) from a physical visual stimulus of hand figures 

3) Sensory-Cognitive, by means of the VVIQ test (Vividness Visual Imaginary Questionary) or/and the combination of 
the previous two 

We will be based on three related axes that delimit the established planes, and that are: 

(1) The environment, centered on the intensity of a visual physical property of a particular stimulus: angular 
orientation; which delimits the set of stimuli <E>. 

(2) The sensory mechanisms (with physiological support), which in this case is established on the visual modality, 
thus analyzing the ability to discriminate and visual operation of angles in various orientations (between 0º and 180º 
sexagesimals); in this case they are the sensations in a broad sense <S>. 
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 (3) Cognitive processes, more specifically, using “chronometry” of the mental rotation of images, which postulates 
the <R> mental representations, as a construct. 

 

As specific objectives, it is proposed: 

a) Verify the functional relationship between the angle of rotation of the figure of a human hand and the response 
time that the subject takes to decide which of the two hands was presented (this is studied in Experiment-1). Note 
that the decision time is an indicator of a cognitive process (binary decision judgment, based on a criterion that the 
subject adopts) and that it can be studied through a chronometric function. 

b) Verify the functional relationship between the amplitude of a set of angles and the proportion of correct 
responses of the subject, which will allow us to derive two relevant properties of the sensory mechanism: accuracy 
and precision. Bear in mind that through this study (Experiment-2) we will obtain various psychometric functions 
according to the orientation in which the stimulus is presented. In addition, it is also possible to adjust a 
chronometric function to the response times of the subjects in this task, with which it is possible to examine the 
relationship between these two described tasks (mental rotation and angle discrimination) by comparing the 
chronometric functions of both experiments. 

c) Verify the characterization (evaluate) of a subjective aspect of the mental representation / simulation (level of 
mental vivacity) and for this the level of subjective vivacity of a series of scenarios that the subject must imagine 
(visualize internally) will be related, establishing its frequency distribution Therefore, the mean and standard 
deviation allow us to describe (characterize) the representational capacity experienced by each participant in this 
test. Note that for this task both sensory and cognitive processes must be involved. Therefore, we will examine to 
what extent these two types of processes contribute to explaining this sensory-cognitive capacity, that is, the zone of 
intersection of both processes. 
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EXPERIMENT 1: Mental hand rotation 

  

METHOD 

  

Participants 

Sixty-six healthy volunteers were tested in this study (66 participants, 57 women and 9 men; ages between 18 and 
41 years, and with an average age of 21.8 years, and a standard deviation = 2.5). All were students were university 
students and had a normal or corrected normal visual acuity. Participants have dominance of the right hand in 93%. 

Once the tests have been carried out on 80 students, several have been discarded due to random participation, 
others due to inconsistencies in some of the tests, and finally a third because some of the basic parameters are 
outside the limit of the standard variability. 

The subjects gave informed consent to participate once the nature of the study had been explained to them. The 
study was approved by the Local Ethics Committee (Bioethics Committee of the University of Barcelona).  

The study was carried out according to the statement Helsinki ion 1975 (as reviewed in Fortaleza, Brazil, October 
2013). 

 The above is valid for the two experiments 2 and 3 that will follow. 

 

 

Stimuli 

The stimuli were performed with the left and right hand, in the opposite position (palms not visible, down), which 
were presented in 0º, 45º,  90º, 135º, 180 º, clockwise or counterclockwise orientations. Figure 1 shows part of the 
stimuli used in the experiment. 

 

 

Figure 1: Stimuli used in experiment 1 were the left and right hand, with both hands on the back (only the left hand 
appears in the figure). 
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The stimuli were shown with a photograph of the hand on a black background (luminance 0.8 cd / m2) and in an 
orientation of 0º subtended a vertical visual angle of 10.5º  and a horizontal visual angle of 5.3º. The program used 
to control the experiment was developed by the authors with C ++ Open GL (Glut Library). The hands were 
presented three times in the same orientation. 

 

Apparatus and systems 

The hand stimuli were presented on a 17-inch LCD screen with a spatial resolution of 1360 x 768 pixels (410 x 230 
mm) and a refresh rate of 70 Hz. The experiment was conducted in a room with four small compartments 
Soundproofed individually Teslstar brand. Each compartment was equipped with a PC (Intel Core i7) and a color 
monitor placed on a bookcase and chair, with which the participants could comfortably reach the keyboard and a 
box with two response buttons, one for the left hand and another for the right hand. A chin rest to keep the distance 
from the observer to the screen constant. 

 

 Process 

The experiment lasted only one session and the participants analyzed in groups of four, one student for each 
compartment. The participants were sitting at a distance of 50 cm from the screen, whose center was at eye level 
and the room with a muted sound. At the beginning of the experiment, the students had to read specific 
instructions, presented to them on a sheet of paper while they were sitting to familiarize themselves with the task. 
The task is to decide which of the two hands (right or left) had been presented. Participants did not receive feedback 
on their response. 

The hands remained on the screen until the participant pressed one of the buttons of the two responses. The task 
was to decide if each hand shown is left or right, as fast as possible, and producing the least errors. The response 
fingers were counterbalanced with the participants. 

Each participant received a block of 48 trials, resulting from the combination of 2 (hands: left and right) x 8 
(rotations) x 3 (repetitions). The sequence of presentation in each block was random for each participant. 

The 66 participants took about 8-10 minutes to complete the test (48 trials / participant). 

  

  

RESULTS 

TR analysis of mental rotation. 

The response time to the decision on hand identification was recorded by the computer. The means of the TR of 
each subject in each of the eight orientations of each hand in the six repetitions (trials) were subjected to an ANOVA: 
2 (hands) x 8 (orientations) x 6 (repetitions). The result of this analysis showed that there were no significant 
differences between the two hands, so the data of the two hands were accumulated. Neither were differences 
observed between the two senses of the rotation of the hands (from 0-180º or 180º - 360º). It was decided to use 
only clockwise. Finally, an one-way ANOVA was applied, using the Rotation Angle (0� to 180�) as the only factor. 

 The results of this analysis revealed that the "angle of rotation" caused statistically significant differences [F (4; 
1979) = 73.49; p <0.001]. The distribution of the means and deviations according to the angle of rotation is shown in 
Figure 2 and Table 1. 

On the other hand, the bivariate ratio according to the Pearson coefficient was r = 0.95 (p <.001). 
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Figure 2.- Means and deviations of the TR Reaction Time 

 

 

Orienta  Mean_TR_Hands  

0° 1,314 

45° 1,309 

90° 1,566 

135° 1,820 

180° 2,291 

  
Coef. Corr.: 

(Orienta/TR de 

elección) 

0,948       (p<0,001) 

(n= 66) 

 

Table 1: Angular orientation, means and standard deviations of the reaction time to the choice in the rotation of 
hands for each orientation. 



 

8 
 

 

 

Figure 3: Graph of the relationship between Angular Orientation and the Average Reaction Time to Choice in Hand 
Rotation. 

 

DISCUSSION 

The duration of the hand identification processing by the 66 subjects in the 48 stimulus presentations, presents a 
function that increases virtually mono tonic with the difficulty of the rotated angle (more temporal duration with 
180º), the most difficult (see Fig. 2 and 3), because the image has to be rotated mentally until it coincides with a 
hand in an inverted position to the usual vision; the easiest that of 0º, and the rest being intermediate of progressive 
difficulty. 

With the TRE cognition time (reaction time to choice), the <arts> (Hits) of each identification and the <efficacy> or 
ability of each subject to use the minimum time for each operation, typify the aspect of <the quantity and quality of 
processing> necessary for each orientation angle. 

These results are consistent with the first study by Shepard and Metzler (1971), as well as the article by Parsons, L. 
M. (1994), with very similar response functions being configured in their respective tests. 

On the other hand, the correlation of this test with the fMRI has a correspondence of voxels activation and rotation 
orientation, which is relevant: 

 Figure 4: Figure extracted from Carpenter et al. (1999) 
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From the same article by Carpenter et al. (1999), the following correspondence equation has been deduced and 
which allows us to calculate the level of activity at the intraparietal level in the Mental Rotation operation, in the 
Dorsal Stream pathway, and with our orientations (0º, 45º, 90º, 135º, 180º), and that is in accordance with the 
article data: 

FMRI activation (%) = 1,553 + 0.005. Orientation (º) 

 

This correspondence in cognitive - physiological activation: 

1) It allows the transformation at angles of these experimental tests with 0º, 45º, 90º, 135º and 180º, for 
experimental traceability, with their corresponding replication. 

2) The objectivity of the phenomenon, cerebral location, and its traceability for the research relationship with 
Experiments 2 and 3, and their interactive interrelationships are confirmed. 

 

 

EXPERIMENT 2: Discrimination of angles and angular orientations 

 

METHOD 

Participants 

The Participants are the same as those who conducted experiment 1. They were assigned to one of four randomized 
groups. Each group performed the task in two different orientations (G1: 0º and 45º; G2: 0º and 90º; G3: 0º and 
135º and G4: 0º and 180º). 

 

Stimuli and tasks 

 The task takes about 30 minutes. A reference angle of 34� has been adopted for this experiment, which will vary 
from grade to degree between 30º and 38º [30º, 31º, 32º, 33º, 34º, 35º, 36º, 37º , 38º] randomly, and in different 
orientations (0º, 45º, 90º, 135º and 180º), therefore 9x5 = 45 angular amplitudes were shown to the participants. 

 

 

 

 

 

 

 

 

 

 

Figure 5: Examples of standard 34 ° amplitude stimuli in the 5 experimental orientations 
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In the 66 participants, a vertical reference angle was always presented (Figure 5), then a flash (Figures 6 and 7) to 
separate the following stimulus, and then an angle with a defined orientation (Figures 6 and 7). The subject must 
decide which angle is greater, the first one presented or the second, by pressing the button on the left button if it is 
the first one or the right one if it is the second one. 

The orientations in which these angles will be discriminated are the same as for “Hand Rotation”, Experiment1, with 
rotation angles of 0º, 45º, 90º, 135º and 180º sexagesimal degrees, the remaining orientations being that close the 
circle considered equivalent by symmetry. The angle and orientation levels have been adopted, in order to be a 
reference, although limiting the test, they are completely defined. This opens the option that can be experienced in 
other quantities if the difference of importance is considered or to be verified, for the generalization or not of 
results. 

The task was done with 72 sets of stimuli, and with two collections thereof, for 0° with itself, and one of the other 4 
orientations 45º, 90º, 135º, or 180º, with reference to 0º,  interrupted in half with a break to prevent fatigue from 
skewing the results. 

 

            

Figure 6: Two test participants with the Separation Mask and with an Angle at 90º 

 

Apparatus and systems 

See Experiment 1, METHODS, Apparatus and systems, are the same, with the exception of the Software that was 
specific for Angles although also the program used to control the experiment was developed by the authors with C + 
+ Open GL (Glut Library). 

 

Process 

The experiment lasted one session and the participants attended in groups of four, one student for each 
compartment. The participants were sitting at a distance of 50 cm from the screen, whose center was at eye level 
and the room with a muted sound. At the beginning of the experiment, the students had to read specific 
instructions, presented to them on a sheet of paper while they were sitting down to familiarize themselves with the 
task, being instructed for the task of wide-angle discrimination. They had to decide if the comparison angle Cmp> Std 
was greater than the standard or vice versa. 
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Participants did not receive feedback on their response. 

The sequence of events began with a presentation of the fixation point in the center of the screen for 500 
milliseconds, in which the vision remained until the part press one key (answer). Next, the Standard Stimulus of 34 ° 
was presented in canonical position (Vertical; α = 0 °). Below is 1 mask for 800 ms, followed by the Comparison 
stimulus (between angles 30 ° and 38 ° included). Finally, the subject should answer about whether the Cmp> Std or 
vice versa. 

The presentation of the stimuli was: 

 

REFERENCE                                                    MASK                                                             ORIENTED ANGLE 

 

 

 

 

 

          1 segundo                                           800 milisegundos                               1 segundo 

 

Figure 7: Test sequence scheme for 1 orientation equal to 90 ° in the angular amplitude trial experiment 

 

The structure of the test consisted of performing 2 blocks of 72 tests corresponding to each angle of the group to 
which it belongs. After each block the subject rested briefly (approx. 1 min). Each participant made 2 blocks of Angle 
= 0 and another 2 blocks of the randomly assigned orientation. Thus, each participant conducted 72 trials, each 
lasting approximately 8 minutes. That is, it took about 8 minutes x 4 blocks = 32 minutes. Together, 720 trials were 
collected with all participants (5 orientations x 9 stimuli x 8 repetitions x 2 blocks = 720 trials). 

 

RESULTS 

A) Analysis based on psychophysical parameters: psychometric analysis 

From the participants' responses to the variety of amplitudes presented, the proportions of correct answers (Cmp> 
Std) were calculated. From these proportions of response, a cumulative Gaussian function was adjusted to these 
data. Once the adjustment of the Gaussian model (function) to the data was verified, five psychophysical parameters 
were derived: 

a) Subjective equality point (PIS): value that for the subject is equivalent in amplitude to that of the standard 
stimulus. Related to this parameter is the Constant Error (EC), which indicates the response biases of the Participants 
(with sub or over estimate) 

b) The Gaussian standard deviation (DesvEst) is another descriptor of this function that is usually related to the 
participant's discriminatory finesse. Thus, the more abrupt the Gaussian ogive (psychometric function) is, the more 
precise the participant has had. Alternatively, they can be used: 

c) Inter-Quartil Deviation (DIQ), defined as (Q3 - Q1) / 2. This parameter also reports the accuracy of the responses, 
understood as fineness / coarseness of the discrimination units adopted by the sensory mechanism. 
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d) Finally, the Weber fraction or constant (Kweber) reports the estimated increase required to discriminate a change 
(Kweber = DE / Std Stimulus). 

The results are synthesized in Table 2, in which it is shown for each orientation and for each value of the angular 
amplitude of the comparison stimulus proportions of correct detections (Cmp> Std). 

 

Table 2: Proportions of correct detections (Cmp> Std) of the angular amplitude of the comparison stimulus, based on 
the orientation of the standard stimulus 

Wide 
Orientation 30° 31° 32° 33° 34° 35° 36° 37° 38° 

Orient_0° 0,083 0,133 0,193 0,354 0,526 0,704 0,817 0,891 0,934 

Orient_45° 0,046 0,052 0,132 0,254 0,474 0,654 0,803 0,901 0,928 

Orient_90° 0,126 0,258 0,329 0,502 0,721 0,821 0,861 0,902 0,928 

Orient_135° 0,048 0,107 0,256 0,373 0,575 0,654 0,850 0,874 0,943 

Orient_180° 0,048 0,126 0,171 0,375 0,502 0,695 0,766 0,895 0,892 
 

 

Figure 8 shows the five psychometric (Gaussian) functions corresponding to the judgments of angular amplitude of 
the participants before the five orientations examined. The psychophysical parameters derived from this function, 
which are shown in Table 3, inform us of the properties of these sensory mechanisms (accuracy and precision of the 
ability to discriminate). 

 

 

Figure 8: Five psychometric (Gaussian) functions corresponding to the judgments of angular amplitude of the 
participants before the five orientations examined (Note. Cmp = Estimate. Comparison; Std = Standard Stimulus). 
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Table 3: Values of psychometric variables measured in Experiment 2 

Orienta PIS Desv Std Angulo Std EC DIQ Kweber 

0° 33,861 2,370 34 -0,139 1,599 0,0472 

45° 34,260 1,907 34 0,260 1,287 0,0375 

90° 32,877 2,384 34 -1,123 1,608 0,0495 

135° 33,815 2,498 34 -0,185 1,685 0,0496 

180° 34,037 2,468 34 0,037 1,665 0,0487 
 

The inequality shown by these results, with respect to the Standard Deviation is: 

Dstd_45º (1,907) <Dstd_0º (2,370) <Dstd_90º (2,384) <Dstd_180º (2,468) <Dstd_135º (2,498) 

The deviation of 45° being considerable distance from the four remaining deviations. 

 

B) Decision time analysis: chronometric analysis (TRD) 

Next, we can observe, regarding the orientation stimulus for the 34� reference angle, how the sensation evaluated 
by chronometry progresses and with the Pieron criteria (equivalent to the <sensation> seen in the previous graph). 

 

Table 4: Average simple response time (TR) of the 66 participants in the different orientations examined. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Orienta  Mean_TR_Angles Desv. TR Angles 

0° 1,079 0,515 

45° 0,950 0,378 

90° 0,898 0,338 

135° 0,936 0,393 

180° 0,912 0,277 

  
 

Coef. Corr: 

(Orient/TR-

Angles) 

- 0,761 

(p < .024) 

(n= 66) 

Totals Trials:  

N=19008 
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Figure 9: Averages of the TRs of the participants in angle discrimination, as a function of the orientation of the 
comparison stimulus. The dotted line is the trend line that best fits the data (the strokes fit the Pieron potential 
function). 

 

 

DISCUSSION 

This experiment was intended to obtain psychophysical parameters that allow the sensory (Experiment 2) to be 
related to the sensation, and then with the cognitive (Experiment 1). 

We discuss the psychophysical values found: EC, KW, Desv St, for the different orientations. See Table 3: Values of 
psychometric variables measured in Experiment 2. 

This indicates that the discrimination at 45º (lower Desv St) is the finest and at 135º (greater Desv St) the most 
uncertain. Both biases are seen in all other variables, but especially the Kweber. 

We interpret that 45º is the angle of greatest propensity to correct the sense of equilibrium, in the conjecture that 
the verticality that polarizes it, and that makes 0º and 180º very close values (stable verticality). 

We therefore relate these data to the “Oblique Effect” (Oblique Effect), according to Appelle, S. (1972). 

On the other hand, we are going to relate the two tasks studied so far: a) Mental rotation and b) Discrimination of 
angles in different orientations. 
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Table 5: Comparison between cognition and sensation using Mean_TR_Hands and Mean_TR_Angles 

 

 

 

 

 

 

 

 

 

 

 

The graphic extrapolation of the <statistical trend curve> indicates an order of magnitude, very similar to 1.079 
seconds, probably identical and indicative of what both tests have in common at their base: the TR, discriminative 
simple reaction time , necessary to react motively as characteristic impulsivity (not addressed here). 

  Although the correlation is moderate, it is significant, which indicates that although this relationship is relevant, it 
has a complex format, probably affected by other variables that will need to be investigated in their interactions 
(Kweber, Vividnes, PIS and others possibly not investigated or measures in this work). 

 

Orienta Mean_TR Hands 
Mean_TR Angles 

0° 1,314 
1,079 

45°             1,309 
0,950 

90° 1,566 
0,898 

135° 1,820 
0,936 

180° 2,291 
0,912 

  
 

Coef. Corr. 
(TR_Hands 
/TR_Angles) 

-0,55      
(p < .048)               

(n= 66) 

Totals Trials: 
22176 



 

16 
 

 

Next, we show the relationship between mental rotation tasks and angular amplitude judgments in a bivariate 
relationship. 

 

Figure 11: Linear adjustment of the means of the TRs of the mental rotation tasks (blue line) and angular amplitude 
judgments (orange line). The regression equations and the determination crescents of each are shown. 

 

The duration of the identification processing of the angles by the 66 subjects in the 288 stimulus presentations, is 
due to a function that is developed as the psycho-physical function of Pieron, which bears some resemblance to the 
Stevens function, but with time chronometry. simple reaction of the stimulus. Its equation (Blanco, 1996), explained 
in our parameters is: 

                                                TR_Angles = r + k. Orientaq 

 

Where, Orienta is the stimulus, TR_Angles, the duration time classified in each orientation; r, k and q, are constant to 
fit the experimental curve. 

 

The “Oblique Effect” effect, Apelle (1972), complicates the establishment of Stevens's law (DesvStd effect at 45 °, 
very different from the rest in Kweber), without diminishing or withdrawing the somatosensory effect of equilibrium 
and verticality. For this reason and others of an analytical order (of the dimensions extracted later by ACP), Pieron's 
psychophysical function will be taken as a representative of the stimulus-sensation plane for the structuring of 
sensory-cognitive interaction. 
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EXPERIMENT 3: Measurement of the Vivacity of Mental Images 

This experiment aims to verify how the variability of the participants in the ability to mentally imagine (visualize) 
iconographic scenarios is related to sensory and cognitive abilities. For this we will resort to the technique of 
Principal Components Analysis (ACP). This technique will allow us to test the hypothesis about the dependence 
(interaction) or independence of the low level processes (discrimination) with respect to the high level ones (mental 
representation). 

 

METHOD 

Participants 

The Participants are the same as those who carried out Experiment 1. 

 

Materials and tasks 

It consists of performing the tasks of the VVIQ-revised Marks (1973-rev. 1995); It is attached in Annex 3. 

They offer in the Vividness Visual Imaginary Questionary (VVIQ), 8 scenarios for participants to imagine and classify 
the vivacity of the images according to their subjective opinion. 

- This test has a correlation in the Eagleman laboratories (2007) with the fMRI, of 73%, detaching a linear regression 
line between the increasing activity in V1, when the vivacity of the evoked images increases. 

- The vivacity of mental images is a relevant phenomenon of representational abilities, and that is gradually being 
objectified based on physiological correlates of neuronal activity, in the case presented here, with the fMRI 

 

 

VVIQ test application procedure 

In the case of a questionnaire, instructions were given in order to complete the test in accordance with the 
specifications of G. V. Marks. 

The form is required to cover the classification data of the scenarios that are displayed. The idea is basically very 
simple: 

- It is appealed to the participant to imagine a visual scenario (a face, a train station, a garden, etc.) 

- The vision that evokes the subject that scenario should be classified, with a number from 0 to 7 (zero would be 
"without any visualize image", and level seven would be: "vivacious as reality" itself). 

 

The participant performs the task in about 12 minutes evoking the eight scenarios suggested in the questionnaire, 
with 4 questions for each scenario. 

This mental activity is associated with activity in the occipital zone V1, and is in high correlation, in 73%, with the 
associated fMRI activity. From the data of Eagleman (2007) the following equation is derived: 

FMRI activation (%) = 0.048. VVIQ (0 to 7) - 0.15 
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Figure 12: Neuro-image showing eight participants with different levels of VVIQ / proportional fMRI activity, 
according to Eagleman Lab (2007). 

 

The neuronal correlate of the VVIQ activity is important for several reasons, (1) locates the evocation of images in 
the same area as its perception V1, (2) confirms its objective reality by the correlate itself, (3) differs from the later 
stages of dorsal and ventral temporal processing, but being their origin in both directions of signal flow. 

This may be essential to understand how the three experiments differ, based on the measured fMRI correlation 
(especially with Principal Component Analysis). 

 

 

RESULTS 

A) Descriptive statistics of the VVIQ Test 

Descriptive statistics resulting from the application of VVIQ to the sample of subjects are shown in Table 6. 

 

Table 6: Mean, standard deviation and assessment of cortical activation using the equation derived from the 
Eagleman data (2007), according to the group to which the subjects were assigned 

GRUP AVERAGE DESV. ESTAND. ACTIVATION (fMRI) 

1 4,799 1,491 0,08037 

2 5,052 1,284 0,092485 

3 5,049 1,409 0,09237 

4 4,863 1,429 0,083421 

 

In the following, the scores of the subjects in the VVIQ Test will be studied regarding their relationship with the TRs 
of the Trial Experiments on “angular breadth in various orientations” (time of discrimination, psychometric) and 
“hand rotation” (decision time, chronometric). 
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B) Extraction of the main components between the three tasks (Hands, Angles, VVIQ) 

See Table 8 and the attached comments. Highlighting them according to the main axes: 

The set of descriptive statistics, and with 132 analyzes, with their mean and deviations was: 

 

 

The set of correlations between the different variables, 

 

That with the components explained we see that the accumulated sum of the first 4, reaches us up to 72.92%

 

Finally, in the table of components we can see the variables and their coefficient or weight, and we take the first 
three for the axes of the three planes that make up the research relationships, 
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VARIABLES EXTRAIDAS PRINCIPALES Y SECUNDARIAS: 

- Mean_TR_Hands 
- Orienta 
- Mean_TR_Angles 
- Hits 
- PIS 
- Media Vividness 
- Kweber 

 

 

DISCUSSION 

The experimental data of the decision TR of the Hand Rotation experiment, combined with the data of the simple TR 
of the Angle Discrimination experiment, allows us to infer an interaction between sensation and cognition. 

The VVIQ, identifies and is analyzed in the model initially conjectured in the experimental design, conceptualized as a 
possible factor of the Principal Components Analysis; therefore, it will base this link that is advanced here, but it 
does not have a relationship as expected, in a single dimension, but in the three axes raised. 

Visual vivacity of images is an experiment, with great simplicity and high potential for 

determine mental imagery related to physiological correlates (fMRI, and visual physiology). 

On the other hand, the Yerkes-Dobson law denotes a high relationship in the search for results in sport, for the 
mental visualization of athletic exercises, as well as arousal activation that can be made flexible, activated and can 
have a connection with emotional activity 

Intellectually there are two types of people, which are characterized from the dual coding that we know: verbalizers 
(propositionalists) and visualizers (visual images), which denote a rich panorama of differences and potentials of two 
cognitive strategies; these are observable in healthy individuals, and indicated by spatial descriptions or analogue 
images, indicating differentiated <spaciotopic representations> (analyzed in three aspects, with fMRI, with Vividness 
and with Mental Rotation: R. H. Logie et al., 2011). 

In this way it is key to establish, at both levels of mental representation, with the three-dimensional system of 
cognition, STC, since arousal activation is possibly “the lubrication” of cognition-sensation that is explained through 
the STC presented here. . The parametric plane suggested by this experiment 3, is that of the Yerkes-Dobson law, 
and is integrated into the STC approach, with reservations of nuances, which may be important, and which is 
planned to investigate in the future. 
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GENERAL DISCUSSION 

 RECAPITULATION: INTEGRATION OF RESULTS 

When you try to study the relationships that occur between ‘p’ variables correlated (which measure common 
information), the original set of variables can be transformed into another set of new variables not correlated with 
each other (that does not have repetition or redundancy in the information), called the Principal Components 
Analysis (ACP).  

The new variables are linear combinations of the previous ones and are constructed according to the order of 
importance in terms of the total variability they collect from the sample. Ideally, m <p variables are sought that are 
linear combinations of the original ‘p’ and that are not correlated, collecting most of the information or variability of 
the data. If the original variables are not correlated starting, then it makes no sense to perform a Principal 
Component Analysis. The analysis of principal components is a mathematical technique that does not require the 
assumption of multivariate normality of the data, although if the latter is fulfilled, a deeper interpretation of these 
components can be given. 

In order to find out the underlying dimensionality of the three tasks, as well as the inter-relationships between the 
planes that define the axes, we will apply the ACP to a set of variables from the two experiments previously studied 
(Mental rotation and Angular amplitude discrimination oriented) in order to verify to what extent the sensory 
(discriminability) and cognitive (decision time) factors are independent or, on the contrary, are interrelated. 

 

- Variables of exp. 1, exp. 2 and VVIQ test that are included in the <ACP> analysis 

1. Mean_TR_Hands 
2. Orienta 
3. Mean_TR_Angles 
4. Hits 
5. PIS 
6. Media Vividness 
7. Kweber 

 

- Barlett Chi-square test results and significance 

 

Table 7: Validity of significance better than 1: 1000, of the ACP indicated by Bartlett's test 

 

- Self-values and weights with which they contribute to explain the variance. 

Table 8: Coefficients-weights of the variables in the Component Matrix 
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    a: extracted 4 main components; in the three-dimensional diagram, 3 appear. 

 

 

 

Figure 13: Positioning of the 7 variables selected by the ACP, in Components 1,2 3. 

 

 

Components with a weight greater than 0.300 have been selected in the table, marked with fence according to the 
color of the Component to which they belong, and according to the importance that the ACC has already classified, 
from top to bottom. 

Components 1 to 3 make up three planes, and component 4 can be assumed in plane 3. 

The correspondence of the variables of the Table and the fields of the sensation-cognition interaction are: 
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Table 9: Variable Extraction and its related domain description (stimulus, sensation, cognition) 

Descriptive concept VARIABLE Observations 

Cognition Mean_TR_Hands Give for the STC suggested 

Stimulus Orienta Give for the STC suggested 

Sensation Mean_TR_Angles Give for the STC suggested 

Cognition Hits  

Sensation PIS  

Sensation-Cognition-Stimulus 

(evoqued stimulus in test VVIQ) 

Media Vividness Give to the axes and three planes of 
Principal Components 

Sensation Kweber  

 

The three correlative planes suggested to the STC (Three-dimensional System of Cognition) are: 

- The Stimulus plane - Cognition (orange), formed by Orienta and Mean_TR_Hands 

- The Stimulus plane - Sensation (yellow), formed by Orienta and Mean_TR_Angles 

- The Sensation plane - Cognition (green), consisting of Mean_TR_Angles and Mean_TR_Hands 

The orthogonality of the Principal Components Analysis gives us a matrix and its components alluding to the 
dimensionality of these Components and an enriched relational map, which can be potential information to continue 
the investigation of the experienced STC in the future. 

Especially the variable Media Vividness, indicates us to be at the center of gravity of all relationships, and such a 
situation suggests the importance of mental representations by themselves, and their fMRI correlate (Xu Cui, 
Eagleman Lab., 2007; Carpenter et al., 1999), as well as its allusion of vivacity due to its importance as visualess 
representations regarding the propositionalists, also with its correlation in fMRI (Logie, RH, et al., 2011). 
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Figure 14: 3 Main components, extracted from the ACP report, and completed with color ratio drawings for each 
component listed in Table 9 above. 

 

Three referential schemes are presented below to illustrate the approach: 

 

1) Graphic representation scheme of the proposed three-dimensional system <STC>, based on the <ACP> analysis, 
seen in the discussion of <VVIQ> 

Representing the three planes referenced, but formed by the dimensions identified by the ACP as first and 
dominant: Orienta, Mean_TR_Hands, Mean_TR_Angles. 

- Color strokes, only graphically identify the plane in question, there are no functions. The sequence of perception: 

Mormann & Koch, 2007  

  
     

            Orienta 

                                                              (Stimulus; E) 

                                                                                                  

                       Component Plane 2 

                                                                                                                                 Corr. Coef.: -0,76 

                            Component Plane 1            Yo 

                            Corr. Coef.: 0,95                                               Xo                                            Mean_TR_Angles        

                                                                                                                                                            (Sensation: S) 

                                                                                            Zo                                                        

            Component Plane 3      

             Corr. Coef.: -0,55 

Mean_TR_Hands                                                                      

(Cognition; with 

Mental Representation; R)                                       
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Figure 15: The color strokes represent the three planes extracted from the first three Components of the APC 
analysis, but in Cartesian coordinates, as well as their first three classified variables: Mean_TR_Hands, Orienta, and 
Mean_TR_Angles. 

The three dimensions of the ACP (Stimulus, Sensation, Representation of Cognition), extracted from the three most 
prominent components of the analysis, are illustrated with the schematically divided figures, also from the cover of 
this study, by Mormann & Koch 2007. 

 

 

2) Three-dimensional system of cognition (STC) 

Graph of the experimental model (with real numerical values of the experiments): 

 

             Orienta(°) 

                                                                            180                                     ACP Component 2 

                                                                            135                   

                                                  

                                                                               90                           

                                                                               45 

          ACP Component 1                                            0                        912               1015         1079 

   1312                                                                         MeanTR_Angles (s)        

 

             

                                                                        

                                     2291                                                                                                                

   Mean TR_Hands (s)                       ACP Component 3 

 

 

Figure 16: In intense blue is the line resulting from the stimulus-sensation-cognition integration. 

            Cognitive maximum, according to coordinates (x, y, z): [912, 180, 2291] 

            Coordinate origin (x, y, z): [0, 0, 1312] 

            Cognitive minimum, according to coordinates (x, y, z): [1015, 0, 1312] 

            Three-dimensional cognition integration for rotation operations 

                                            (°): sexagesimal degrees                          (s): seconds 
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Note that the linearized functions seen in Fig. 10, are a comparison of the Hands and Angles versus Orienta functions 
(here in orange and yellow respectively), whose path is synthesized in Hands and Angles combined in the cognition-
sensation plane (here curve with green color). 

From the point of view of three-dimensional synthesis, the blue curve represents the three curves (orange, yellow 
and green) in the space <Orienta - Mean_TR_Hands - Mean_TR_Angles>, called STC. 

3) The continuation of the affinity from the physical stimulus to the physiology of the sensation, and subsequent 
cognition; and the interference from cognition to sensation and physical action 

 

Figure 17: Tile color: cognition-stimulus, yellow color: sensation-stimulus, green color: cognition-sensation, intense 
blue color: integration <stimulus-sensation-cognition> 

 

The afferent at 90 ° with the yellow arrows is reflected in the graph and at 135 ° from the cognition with the blue 
arrows. The latter suggests the path of cognitive evocation, purely psychological. 

Afferent stimuli are provided by the visual stimulus from the computer screen, efferent stimuli, end with the 
achievement in action with the manual pressing of the participants on the push buttons marking reaction times. 

It is also important to note that between the 1079 seconds in the <S> coordinate and the 1312 seconds of the <R> 
abscissa axis, there is a time, which the experiments show us, and possibly linking the physiological and cognitive 
effect with those 233 seconds since one ends and the other continues in terms of organism in afferent or efferent 
functions. The limit suggests coming from the differential, in order to achieve the first level of cognition at 0 ° 
produced by the mental rotation of the hands, in which there is identification of the correct hand and its choice. 
However, see differentiation of TR reaction times, in C. Bonnet (1994). 
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CONCLUSIONS 

From the results of the two experiments discussed above we can synthesize the most relevant findings in the 
following: 

1. The potential synthesis of the stimulus-sensation, stimulation-cognition and sensation-cognition binomials seems 
possible in view of the results, although with a correlation character in their respective planes of 95%, 76% and 55%. 
%, which is a significant moderate-high level, but not <high> in a strong sense. 

2. We have a system of variables, with a three-dimensional system of STC cognition, which allows integrating the 
processes investigated here of sensation, cognition and stimuli, into an interpretive unit. 
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ANNEXES 

ANNEX 1 

- Complete table of experimental data 

 

ANNEX 2 

- Instructions for experimental tests 

 

ANNEX 3 

- Vivacity Test of Mental Images, VVIQ-reviewed and in Spanish 

 

ANNEX 4 

- Result7B_ACP_2B_SinRotar_22Jn17.pd 

 

ANNEX 5 

Basic articles of the approach: 

1. Shepard & Metzler (1971) 

2. Carpenter et al. (1999) 

3. Eagleman Lab. (2007) 

4. Logie et al. (2011) 


