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Abstract

Learning is an essential part of human life. In it, our sensory organs and neural  networks 
participate and integrate emotional behaviors, indagative and persuasive abilities, along 
with the ability to selectively acquire information, to mention a fraction of the media used 
in learning, converge to it. This study presents the results of the observational monitor -
ing of behaviors, displayed by teams of students in learning processes, their interactions, 
representing them as series of time. These time series contain the dynamics of learn-
�’�—�•�ñ�1 � �Ž�Š�”�ð�1 �Š�Ÿ�Ž�›�Š�•�Ž�ð�1 �Š�—�•�1 �Œ�‘�Š�˜�•�’�Œ�ð�1 �•�’���Ž�›�Ž�—�•�’�Š�•�Ž�•�1 �‹�¢�1 �•�‘�Ž�1 �Œ�˜�—�•�›�˜�•�1 �™�Š�›�Š�–�Ž�•�Ž�›�1 �û�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�’�•�¢�ü�1
that is increasing respectively. The exponents of Lyapunov, the entropy of Kolmogorov, 
the complexity, the loss of information for each series, and the projection horizon of the 
processes are calculated for each series. The results, approximate, show that the chaotic 
dynamics propitiate the learning, given that there is an increase of connectivity within 
�•�‘�Ž�1�•�Ž�Š�–�œ�1�‹�›�Ž�Š�”�’�—�•�1�™�Š�4�Ž�›�—�œ�1�˜�›�1�‹�Ž�‘�Š�Ÿ�’�˜�›�Š�•�1�œ�•�Ž�›�Ž�˜�•�¢�™�Ž�œ�ï�1���‘�Ž�1�Ž�—�•�›�˜�™�’�Œ�1�Œ�‘�Š�›�Š�Œ�•�Ž�›�1�˜�•�1�Œ�˜�—�—�Ž�Œ-
tivity allows estimating the complexity of this human activity, exposing its sustainability, 
� �‘�’�Œ�‘�1�‹�›�’�—�•�œ�1�’�›�›�Ž�Ÿ�Ž�›�œ�’�‹�•�Ž�1�Œ�˜�—���’�Œ�•�œ�1� �’�•�‘�1�—�Š�•�ž�›�Ž�ð�1�•�’�Ÿ�Ž�—�1�•�‘�Š�•�1�•�‘�Ž�1�ž�—�’�Ÿ�Ž�›�œ�Ž�1�˜�•�1�—�˜�—�Ž�š�ž�’�•�’�‹�›�’�ž�–�1
is a connected universe. Finally, the analysis model developed is historically contextual-
�’�£�Ž�•�ð�1�’�—�1���›�œ�•�1�Š�™�™�›�˜�¡�’�–�Š�•�’�˜�—�ð�1�’�—�1�œ�˜�–�Ž�1�Š�—�Œ�’�Ž�—�•�1�Œ�’�Ÿ�’�•�’�£�Š�•�’�˜�—�œ�ï

Keywords: �1�•�Ž�Š�›�—�’�—�•�œ�ð�1�•�’�–�Ž�1�œ�Ž�›�’�Ž�œ�ð�1���¢�Š�™�ž�—�˜�Ÿ�1�Œ�˜�Ž���Œ�’�Ž�—�•�œ�ð�1�Ž�—�•�›�˜�™�¢�ð�1�œ�ž�œ�•�Š�’�—�Š�‹�’�•�’�•�¢

1. Introduction

When confronting the diverse experiences of daily life, the human being concludes on the 
ways of acting that are adequate to get away from unpleasant situations and that place him 
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in conditions of greater well-being and joy. The emotions are numerous and very complex 
�•�‘�Š�•�1�Œ�˜�–�–�Š�—�•�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�•�1� �Š�¢�œ�1�˜�•�1�›�Ž�Š�Œ�•�’�—�•�ï�1���‘�ž�œ�ð�1�•�˜�›�1�Ž�¡�Š�–�™�•�Ž�ð�1� �‘�Ž�—�1�•�Š�Œ�Ž�•�1� �’�•�‘�1�Š�—�1�Ž�Ÿ�Ž�—�•�1
or element that bothers us or that does not give us pleasure, we can react by moving away or 
�•�›�¢�1�•�˜�1���—�•�1�Š�1�œ�˜�•�ž�•�’�˜�—�1�˜�›�1�˜�•�‘�Ž�›�1�œ�•�›�Š�•�Ž�•�’�Ž�œ�1�•�‘�Š�•�1�•�›�Š�—�œ�•�Š�•�Ž�1�’�—�•�˜�1�‹�Ž�‘�Š�Ÿ�’�˜�›�œ�ð�1� �‘�’�Œ�‘�1� �’�•�•�1�Œ�‘�Š�—�•�Ž�1�•�‘�Ž�1
situation that face. Of those diverse experiences and circumstances that a person has gone 
through, of the dissimilar emotions that have produced him and of the multitude of decisions 
that a person has taken, some left in the person more profound mark than others [1]. And it is 
by that experience and how we have reacted before it is that it becomes the basis of reference 
for multiple decisions in the future, and therefore, they go on to form the baggage of a per -
�œ�˜�—���œ�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�™�Š�4�Ž�›�—�ï�1���›�˜�–�1�•�‘�Ž�1�Š�‹�˜�Ÿ�Ž�ð�1�’�•�1�’�œ�1�Œ�•�Ž�Š�›�1�•�‘�Š�•�1�Ž�–�˜�•�’�˜�—�œ�1�‘�Š�Ÿ�Ž�1�Š�—�1�Ž�—�˜�›�–�˜�ž�œ�1�’�—���ž�Ž�—�Œ�Ž�1
on learning [ 2, 3]. Emotion plays an important cognitive role [ 4–6]: the knowledge of life and 
the universe is not only intellectual, since the subtle nuances of it are provided by emotion. In 
�Ž���Ž�Œ�•�ð�1�Ž�–�˜�•�’�˜�—�œ�1�Ž�—�›�’�Œ�‘�1�‘�ž�–�Š�—�1�”�—�˜� �•�Ž�•�•�Ž�1�‹�¢�1�‹�›�˜�Š�•�Ž�—�’�—�•�1�•�‘�Ž�1�‹�Š�Œ�”�•�›�˜�ž�—�•�ð�1�•�˜�˜�1�›�’�•�˜�›�˜�ž�œ�1�Š�—�•�1
symmetrical, of purely intellectual concepts. Emotions are the other way of knowing about 
the world and themselves [6].

The learning process should give value to facts, people, and situations, shaping the initial 
�Œ�˜�—�•�Ž�¡�•�ž�Š�•�’�£�Ž�•�1�Œ�˜�—�•�’�•�’�˜�—�ð�1�Š�Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�’�•�œ�1�’�—���ž�Ž�—�Œ�Ž�1�˜�—�1�Ž�–�˜�•�’�˜�—�Š�•�’�•�¢�ð�1�•�’�Ÿ�Ž�—�1�’�•�œ�1�—�Š�•�ž�›�Š�•�1�’�–�™�Š�Œ�•�1
�˜�—�1�•�‘�Ž�1�•�Ž�Š�›�—�’�—�•�1�˜�•�1�™�Ž�˜�™�•�Ž�ï�1���‘�’�œ�1�Ÿ�Š�•�ž�Ž�1�Š�œ�œ�’�•�—�–�Ž�—�•�1�–�Š�—�’�•�Ž�œ�•�œ�1�’�•�œ�Ž�•�•�ð�1�—�Ž�ž�›�˜�‹�’�˜�•�˜�•�’�Œ�Š�•�•�¢�ð�1�’�—�1�Š�4�Ž�—-
tional and perceptual selection [7, 8]; in the selection that is remembered by long-term mem-
�˜�›�¢�1�Š�—�•�1�’�—�1�•�‘�Ž�1�™�Ž�›�Œ�Ž�™�•�’�˜�—�1�•�‘�Š�•�1�•�’�œ�™�˜�œ�’�•�’�˜�—�œ�1�Š�—�•�1�Š�4�’�•�ž�•�Ž�œ�1�Š�›�Ž�1���•�Ž�•�•���1�Š�œ�1�–�˜�›�Ž�1�Š�™�™�›�˜�™�›�’�Š�•�Ž�1�ý9, 10]. 
The value assignment makes learning sustainable over time. Thus arises the question that, to 
�œ�˜�–�Ž�1�Ž�¡�•�Ž�—�•�ð�1�•�’�Ÿ�Ž�œ�1�•�‘�Ž�1�™�Š�4�Ž�›�—�1�•�˜�1�•�‘�Ž�1�•�’�•�•�Ž�1�˜�•�1�•�‘�’�œ�1�Œ�‘�Š�™�•�Ž�›�ñ

Is it possible to construct mathematical indicators, appropriate to be measured, that inform 
about the sustainability [ 11�þ�1�˜�•�1�Š�1�•�Ž�Š�›�—�’�—�•�1�™�›�˜�Œ�Ž�œ�œ�1�Š�—�•�1�•�‘�Š�•�1�Œ�˜�—�œ�’�•�Ž�›�1�•�‘�Ž�1�’�—���ž�Ž�—�Œ�Ž�1�˜�•�1�Ž�–�˜�•�’�˜�—�œ�1
�’�—�1�•�‘�Ž�1�’�—�•�ž�Œ�•�’�˜�—�1�˜�•�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�™�Š�4�Ž�›�—�œ�õ

2. About the study sample

To investigate an answer to this question, we considered a sample of students who take the 
course of Classical Mechanics Laboratory parallel to the theoretic class of Classical Mechanics. 
These subjects are dictated by a higher education institution for students of the Common Plan 
�˜�•�1�•�‘�Ž�1���—�•�’�—�Ž�Ž�›�’�—�•�1�Š�›�Ž�Š�ï�1���‘�Ž�1�œ�Š�–�™�•�Ž�1�’�œ�1�Œ�˜�—�œ�•�’�•�ž�•�Ž�•�1�‹�¢�1�X�Z�V�1�œ�•�ž�•�Ž�—�•�œ�1�•�’�œ�•�›�’�‹�ž�•�Ž�•�1�’�—�1���Ÿ�Ž�1�•�‘�Ž�˜�›�Ž�•�’-
cal courses, with an average of 40 students.

The collaborative learning process that is analyzed relates to the Classical Mechanical 
Laboratory courses whose content base of 12 experimental activities, each of 90 minutes, pro-
�•�›�Š�–�–�Ž�•�1�•�ž�›�’�—�•�1�Š�1�œ�Ž�–�Ž�œ�•�Ž�›�ï�1���1���•�¢�™�’�Œ�Š�•���1�•�Š�‹�˜�›�Š�•�˜�›�¢�1�Œ�˜�ž�›�œ�Ž�1� �Š�œ�1�•�˜�›�–�Ž�•�1�‹�¢�1�W�X�1�œ�•�ž�•�Ž�—�•�œ�ð�1� �‘�’�Œ�‘�1
grouped into four teams of three students each. The creation of teams of only women, only 
men, and mixed were encouraged to study, also, the relationship between gender and learn-
�’�—�•�1�’�—�1�œ�Œ�’�Ž�—�Œ�Ž�ï�1���‘�Ž�1�œ�Ž�•�Ž�Œ�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�Œ�˜�ž�›�œ�Ž�œ�1�’�œ�1�–�Š�•�Ž�1� �’�•�‘�˜�ž�•�1�Š�—�¢�1�˜�•�‘�Ž�›�1�Š�1�™�›�’�˜�›�’�1�Œ�›�’�•�Ž�›�’�Š�1�û�—�˜�•�Ž�œ�ð�1
�œ�˜�Œ�’�Š�•�1�˜�›�’�•�’�—�ð�1�Š�—�•�1�˜�•�‘�Ž�›�œ�ü�ï�1���‘�Ž�1�Š�Œ�‘�’�Ž�Ÿ�Ž�–�Ž�—�•�1�˜�•�1�œ�’�•�—�’���Œ�Š�—�•�1�•�Ž�Š�›�—�’�—�•�1�’�œ�1�Ž�¡�Š�–�’�—�Ž�•�1�•�‘�›�˜�ž�•�‘�1�•�Š�‹�˜-
ratory reports developed and delivered periodically by the teams of students for each activity 
plus two cumulative tests with questions about alternatives and development.
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���‘�Ž�1�œ�•�ž�•�Ž�—�•�œ�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�1�•�˜�1�•�‘�Ž�’�›�1�Ÿ�Š�œ�•�1�–�Š�“�˜�›�’�•�¢�1�û�_�V�–�ü�1�•�˜�1�•�‘�Ž�1���›�œ�•�1�•�Š�–�’�•�¢�1�•�Ž�—�Ž�›�Š�•�’�˜�—�1�’�—�1�Ž�—�•�Ž�›�’�—�•�1
higher education.

3. Initial condition: Facing stereotypes

3.1. The search for feeling good

���‘�Ž�1�Š�‹�Š�—�•�˜�—�–�Ž�—�•�1�˜�•�1�Œ�‘�Š�˜�•�’�Œ�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�’�œ�1�Š�•�1�•�‘�Ž�1�‹�Ž�•�’�—�—�’�—�•�1�˜�•�1�‘�ž�–�Š�—�1�•�’�•�Ž�1�û�Š�—�•�1�Œ�Š�—�1�‹�Ž�1�•�›�Š�—�œ�•�Š�•�Ž�•�1
�Š�œ�1�•�˜�œ�œ�1�˜�•�1�Ž�—�•�›�˜�™�¢�ü�ð�1�‹�ž�•�1�Œ�‘�Š�˜�œ�1�’�œ�1�’�—�‘�Ž�›�Ž�—�•�1�•�˜�1�•�‘�Ž�1�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�1�û�’�—�1�•�’�•�Ž�1�’�•�œ�Ž�•�•�ü�ð�1� �‘�’�Œ�‘�1�’�—�•�Ž�›�™�›�Ž�•�œ�1�Š�œ�1
the physiopathologic loss of the adaptive possibilities in the neuronal system. This abandon -
ment is an aspect that is not considered or considered irrelevant in a development framework, 
human and institutional, symmetric or homogeneous, that assumes the predictability of the 
�™�›�˜�Œ�Ž�œ�œ�Ž�œ�1�û�Š�Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �Š�1 �•�’�—�Ž�Š�›�1 �Š�™�™�›�˜�Š�Œ�‘�ü�1 �Š�œ�1�Š�1�—�˜�›�–�1 �ý12]. From the perspective of human 
activity, the reduction, in the short term, of anguish, anxiety, stress, and the wear and tear of 
unpredictable events is positive.

���˜�•�Ž�›�—�1�œ�˜�Œ�’�Ž�•�¢�1�‘�Š�œ�1�•�ž�›�—�Ž�•�1�•�‘�’�œ�1�œ�Ž�Š�›�Œ�‘�1�’�—�•�˜�1�Š�1�™�Š�4�Ž�›�—�ð�1�’�—�1� �‘�’�Œ�‘�1�’�•�1�™�’�•�Ž�˜�—�‘�˜�•�Ž�œ�1�Ž�Ÿ�Ž�›�¢�•�‘�’�—�•�1�’�•�1
deems necessary and too often regardless of its falsity or truth. This imperative of linear-
ity and symmetry, which seeks to minimize the costs associated with risks, informs us and 
shapes the meaning of the world [12] by skewing learning. It makes us see, in a noncommuta-
tive world, commutativity in events, in the manner of algebra and linear physics. Thus, life 
�Ž�¡�™�Ž�›�’�Ž�—�Œ�Ž�1�Š�—�•�1�•�Ž�Š�Œ�‘�’�—�•�1�Š�œ�œ�˜�Œ�’�Š�•�Ž�1�•�‘�Ž�1�‹�ž�’�•�•�1�˜�›�•�Ž�›�1� �’�•�‘�1���•�Ž�Ž�•�’�—�•�1�•�˜�˜�•���1�ý12], encouraging and 
stimulating behaviors. It follows then that the uncertainty bias permeates all relational forms 
[13, 14]. The connectivity carried by this road will have stability in relatively short periods of 
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of elements either internal or external, which can interpret as the basis of mythical, mystical 
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Based on the experiences and how it reacted previously, experiences become the basis of refer-
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interdiction. Since everything life accepts and creates a bond, it will always be dependent. Two 
people who apparently do not need anything from each other could not form a relationship.

The way in which the human being reacts, either his way of acting, feeling, or acting, is governed 
by a series of external guidelines, which society accepts. Much of the behavior of human beings 
is learned, that is, acquired through interaction with the community in which it grows and devel -
ops [16, 17]. This means that the various groups in which he has been interacting have transmit-
ted his guidelines and behaviors to react to the stimuli he receives from the environment.

In the United States in the decade of the 1990, Chaos Theory was essentially used to solve or at 
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that correspond to marginal environments, such as immigrant communities. It developed a 
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particular interest in the problems of educational organization and administration in these con -
texts. Thus, some authors [18, 19] carried out a nascent pedagogy of chaos from the theory of 
the same name and have used it in the resolution of determining problems of school organiza-
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perspective of the chaotic model applied to the study of learning [ 20], the stimulus is a contextu-
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history of past – present – future experience of a sample of individuals with similar life experi -
ences. The narrative to be constructed can be in the form of a short demonstration experiment, 
short length videos, interaction between the teacher and the student teams through questions 
that emphasize unexpected relationship events, and so on. The achievement of identity with the 
contextualized initial condition favors the development of positive or negative emotions propi -
tiating adaptive behaviors.

3.3. Visual narrative: A way to approach the breaking of stereotypes

The visual narrative used is explained in the outline below. This appears divided into three 
fundamental sequences, as shown in the diagram:
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regarding the connectivity of the events was witnessed. It seeks to stimulate curiosity but 
stressing the ideal of the world in which we believe we live. A predictable world manufactured 
in the technique to which we associate states of emotional hope.

In the middle of the picture is the real world, of irreversible processes, dominated by nonlin -
ear dynamics, that is, chaos or fractal nature is the world of nonlinearity. Our version of life 
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that they will resolve themselves, which is impossible. The collapse between what is learned  
and what is needed to face situations of high uncertainty manifested in behaviors of anger, 
crying, denial, impotence, stupor in the face of disaster,  frustration, avoidance of error, indif -
ference, etc., all emotions that do not contribute to solve the problem.

A convenient approach to this world is to arrange the measuring instruments being used in 
the experience chaotically, in such a way that through self-organization and the emergency 
originates an order that leads us to a possible solution in the form of discovery. Once again, 
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equipment to reach the objective of the activity.
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with a new understanding of sustainability based on connectivity is fundamental. All activity 
carried out by the human being entails, irremediably, error. These errors range from measuring 
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the relationships between them. Therefore, this procedure is inherent to any experimental activ -
ity, and in general, we should say of any human activity. Performing activities that are keeping 
with the way our brain works reduces anxiety, tension, frustration, and fear.

4. Chaos and learning

The fundamental idea underlying this approach to meaningful learning is that chaos makes 
life and intelligence possible, since the brain is a nonlinear product of a nonlinear evolution on 
a nonlinear planet [21]. The brain is an unstable system that nevertheless leads and achieves 
the formation of new orders, as well as chaotic actions [21]. The brain has evolved to become 
so unstable that at the smallest stimulus, external or internal signal, it can encourage behav-
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of an innovative and creative order [22].
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optimize our human resources such as physiological, emotional, and rational, by freeing our 
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answers. The irruption of events in scenarios of high complexity [ 23, 24], created by human 
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reserve of learning reactions is shown to be inoperative or too small.

Paradoxically, the built society model is fundamentally reductionist since the fundamental 
parameter of control is the economic one, a variable that has unleashed a form of economic 
"complexity" that has the planet as a great dump of the waste of human activity and technol ogy, 
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garbage. This event is an irremediable "consequence" of all actions, transforming itself, its 
growth and treatment, and it is a process of very high complexity that very few assumed. At 
present, propitiate learning, regardless of how connected and globalized they are, from this 
�™�Ž�4�¢�1�™�Ž�›�œ�™�Ž�Œ�•�’�Ÿ�Ž�1�‹�Š�œ�Ž�•�1�˜�—�1�Œ�˜�—�œ�ž�–�™�•�’�˜�—�1� �’�•�‘�˜�ž�•�1�Š�—�¢�1�›�Ž�œ�™�˜�—�œ�’�‹�’�•�’�•�¢�1�•�˜�1�•�‘�Ž�1�™�•�Š�—�Ž�•�ð�1�•�Ž�—�Ž�›�Š�•�Ž�œ�1
entropy or progressive disorder in nature, stretching it to its limits.

5. Construction of an approach to a chaotic learning model

5.1. Variables to observe

���‘�Ž�1���•�¢�™�’�Œ�Š�•���1�™�Ž�›�•�˜�›�–�Š�—�Œ�Ž�1�–�Š�•�›�’�¡�1�™�Ž�›�1�œ�•�ž�•�Ž�—�•�1�•�Ž�Š�–�1�’�œ�1�•�’�Ÿ�’�•�Ž�•�1�’�—�•�˜�1�œ�–�Š�•�•�1�•�’�–�Ž�1�’�—�•�Ž�›�Ÿ�Š�•�œ�1�ž�—�•�’�•�1
the 90-minute class is completed. The observation focuses on the behaviors displayed by stu-
�•�Ž�—�•�œ�1�’�—�1�•�‘�Ž�1�™�›�˜�Œ�Ž�œ�œ�ð�1�•�˜�›�1� �‘�’�Œ�‘�1�œ�’�¡�1���Ž�•�•�œ�1�˜�•�1�•�Ž�—�Ž�›�’�Œ�1�‹�Ž�‘�Š�Ÿ�’�˜�›�œ�1� �Ž�›�Ž�1�•�¢�™�’���Ž�•�ñ�1���—�š�ž�’�›�¢�1�û�������ü�ð�1
���Ž�›�œ�ž�Š�œ�’�˜�—�1�û�������ü�ð�1���˜�œ�’�•�’�Ÿ�’�•�¢�1�û�������ü�ð�1���Ž�•�Š�•�’�Ÿ�’�•�¢�1�û�����	�ü�ð�1���—�•�Ž�›�—�Š�•�1���—�•�˜�›�–�Š�•�’�˜�—�1�û�����ü�ð�1�Š�—�•�1���¡�•�Ž�›�—�Š�•�1
���—�•�˜�›�–�Š�•�’�˜�—�1�û�����ü�ï�1���Š�Œ�‘�1���Ž�•�•�1�Œ�˜�—�•�Š�’�—�œ�1�Š�1�œ�Ž�•�1�˜�•�1�W�Y�1�‹�Ž�‘�Š�Ÿ�’�˜�›�œ�ð�1� �‘�’�Œ�‘�1�Š�œ�œ�’�•�—�Ž�•�1�Š�1�—�ž�–�Ž�›�’�Œ�Š�•�1�›�Š�—�•�Ž�1
�•�›�˜�–�1�º�\�1�•�˜�1�¸�\�ð�1�Š�œ�1�œ�‘�˜� �—�1�‹�¢�1�•�‘�Ž�1�œ�Œ�‘�Ž�–�Ž�1���Ú�W�1�•�˜�›�1�Ž�¡�Š�–�™�•�Ž�1�˜�•�1���˜�œ�’�•�’�Ÿ�’�•�¢�1�Š�—�•�1���—�š�ž�’�›�¢�1�ý25–27]:

���‘�’�œ�1�‘�’�Ž�›�Š�›�Œ�‘�¢�1�•�Ž�•�Ž�›�–�’�—�Ž�œ�1�Š�1�•�˜�•�Š�•�1�˜�•�1�]�^�1�‹�Ž�‘�Š�Ÿ�’�˜�›�œ�1�•�˜�›�1�•�‘�Ž�1�œ�’�¡�1�‹�Ž�‘�Š�Ÿ�’�˜�›�Š�•�1���Ž�•�•�œ�1�•�˜�1�˜�‹�œ�Ž�›�Ÿ�Ž�1�•�ž�›-
ing the 90-minute session.

To consider the interactive behavior of the team’s constituent students, a time of 5 seconds 
was granted, which gives a total of 1080 rows of data divided into two columns. A column is 
the time input at intervals of 5 seconds to complete 5400 seconds, and the other is the numeri-
cal coding according to the observed behavior displayed by the team.

���˜�1�Œ�˜�—�œ�•�›�ž�Œ�•�1�•�‘�Ž�1�™�›�˜�™�˜�›�•�’�˜�—�œ�1���1�½�1�������&�������ð�1���1�½�1�������&�����	�ð�1�Š�—�•�1���1�½�1�����&�����ð�1�•�‘�Ž�1�•�Š�•�Š�1�Š�›�Ž�1�•�’�Ÿ�’�•�Ž�•�1
locker by locker, for the same time, between the Inquiry and Persuasion, Positivity and 
���Ž�•�Š�•�’�Ÿ�’�•�¢�ð�1�Š�—�•�1���—�•�Ž�›�—�Š�•�1���—�•�˜�›�–�Š�•�’�˜�—�1�Š�—�•�1���¡�•�Ž�›�—�Š�•�1���—�•�˜�›�–�Š�•�’�˜�—�ð�1�ž�œ�’�—�•�1�•�‘�Ž�1�œ�’�¡�1�•�’���Ž�›�Ž�—�•�1�Ÿ�Š�•�ž�Ž�1
�•�Š�‹�•�Ž�œ�1�‹�ž�’�•�•�1�ûTable 1�ü�ï

Table 1. Illustration of a table with the inquiry behavior and its coding taxonomy.
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5.2. Experimental procedure

Two laboratory classrooms were used to record the observations, with two video cameras 
located in each one. Each camera records sound and image by storing the information on 
�Ž�¡�•�Ž�›�—�Š�•�1�‘�Š�›�•�1�•�›�’�Ÿ�Ž�œ�ï�1���‘�Ž�1�Œ�Š�–�Ž�›�Š�œ�1� �Ž�›�Ž�1�™�˜�œ�’�•�’�˜�—�Ž�•�1�Š�•�1�•�‘�Ž�1�‘�Ž�’�•�‘�•�1�˜�•�1�W�ï�^�1�–�1���¡�Ž�•�1�•�˜�1�•�‘�Ž�1� �Š�•�•�1�Š�—�•�1
in such a way as to completely cover the student teams. Previously, a document was created 
�•�‘�Š�•�1�›�Ž�š�ž�Ž�œ�•�Ž�•�1�•�‘�Ž�1�œ�•�ž�•�Ž�—�•���œ�1�Š�ž�•�‘�˜�›�’�£�Š�•�’�˜�—�1�•�˜�›�1�•�‘�Ž�1���•�–�’�—�•�ð�1� �‘�’�Œ�‘�1�‘�Š�•�1�•�˜�1�‹�Ž�1�œ�’�•�—�Ž�•�1�‹�¢�1�Ž�Š�Œ�‘�1�˜�—�Ž�1
�˜�•�1�•�‘�Ž�–�ï�1���˜�•�Ž�•�1�•�‘�Š�•�1�•�ž�›�’�—�•�1�•�‘�Ž�1���•�–�’�—�•�1�™�›�˜�Œ�Ž�œ�œ�ð�1�•�‘�Ž�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�•�‘�Ž�1�œ�•�ž�•�Ž�—�•�œ�1�•�’�•�1�—�˜�•�1�Š�•�•�Ž�›�1�•�‘�Ž�1
presence of the cameras. In one room, the experimental group to which the initial condition 
was applied, while in another room, the control group develops its activities with no initial 
condition . At the end of the lecture session, the collected information is saved indicating the 
date, time, actively developed, and course.

5.3. Team to collect the information recorded in the videos

Any measurement or data collection instrument must collect two essential requirements: 
validity and reliability. In general terms, validity refers to the degree to which an instrument 
�–�Ž�Š�œ�ž�›�Ž�œ�1�•�‘�Ž�1�Ÿ�Š�›�’�Š�‹�•�Ž�1�’�•�1�’�—�•�Ž�—�•�œ�1�•�˜�1�–�Ž�Š�œ�ž�›�Ž�ï�1���Š�•�’�•�’�•�¢�1�’�œ�1�Š�1�Œ�˜�—�Œ�Ž�™�•�1�•�›�˜�–�1� �‘�’�Œ�‘�1�•�’���Ž�›�Ž�—�•�1�•�¢�™�Ž�œ�1
of evidence have related [28, 29�þ�ï�1���‘�’�œ�1�Ž�Ÿ�’�•�Ž�—�Œ�Ž�1�’�œ�1�•�‘�Ž�1�Œ�˜�—�•�Ž�—�•�1�û�•�‘�Ž�1�•�Ž�•�›�Ž�Ž�1�•�˜�1� �‘�’�Œ�‘�1�Š�—�1�’�—�œ�•�›�ž-
�–�Ž�—�•�1�›�Ž���Ž�Œ�•�œ�1�Š�1�œ�™�Ž�Œ�’���Œ�1�’�–�™�•�’�Œ�’�•�1�•�˜�–�Š�’�—�1�•�‘�Š�•�1�’�œ�1�–�Ž�Š�œ�ž�›�Ž�•�ü�ð�1�Œ�›�’�•�Ž�›�’�˜�—�1�û�Ÿ�Š�•�’�•�’�•�¢�1�˜�•�1�Š�—�1�’�—�œ�•�›�ž�–�Ž�—�•�1
�˜�•�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�1�Œ�˜�–�™�Š�›�Ž�•�1� �’�•�‘�1�Š�—�1�Ž�¡�•�Ž�›�—�Š�•�1�“�ž�•�•�–�Ž�—�•�ü�ð�1�Š�—�•�1�Œ�˜�—�œ�•�›�ž�Œ�•�1�û�š�ž�Š�•�’�•�¢�1�˜�•�1�–�Ž�Š�œ�ž�›�Ž-
ment related consistently with other measurements according to hypotheses derived theoreti -
�Œ�Š�•�•�¢�1�Š�—�•�1�•�‘�Š�•�1�Œ�˜�—�Œ�Ž�›�—�1�•�‘�Ž�1�–�Ž�Š�œ�ž�›�Ž�•�1�Œ�˜�—�Œ�Ž�™�•�ü�ï

The reliability of the instrument is the degree to which its repeated application to the same 
subject or object produces the same results. If the correlation between the results of the 
�•�’���Ž�›�Ž�—�•�1�Š�™�™�•�’�Š�—�Œ�Ž�œ�1�’�œ�1�‘�’�•�‘�•�¢�1�™�˜�œ�’�•�’�Ÿ�Ž�ð�1�•�‘�Ž�1�’�—�œ�•�›�ž�–�Ž�—�•�1�’�œ�1�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�›�Ž�•�’�Š�‹�•�Ž�1�û�’�—�1�™�œ�¢�Œ�‘�˜�–�Ž�•-
rics, Cronbach’s alpha [30�þ�1�’�œ�1�Š�1�Œ�˜�Ž���Œ�’�Ž�—�•�1�ž�œ�Ž�•�1�•�˜�1�–�Ž�Š�œ�ž�›�Ž�1�•�‘�Ž�1�›�Ž�•�’�Š�‹�’�•�’�•�¢�1�˜�•�1�Š�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�1
�œ�Œ�Š�•�Ž�ü�ï

���™�™�•�¢�’�—�•�1�•�‘�Ž�1�
�¢�™�˜�•�‘�Ž�œ�’�œ�1���Ž�œ�•�’�—�•�1�û�˜�›�1�•�˜�”�’�–�Š�œ�’�Š�ü�1�•�˜�1�•�‘�Ž�1�•�Š�‹�•�Ž�œ�1�˜�•�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1�˜�•�1�Ž�Š�Œ�‘�1�˜�—�Ž�1
of the variables under observation, we could know if the measurement instrument calibrates 
from the accuracy.

The procedure for extracting information from the videos of the sessions was divided into 
two parts: Theory and Praxis.

From the theoretical point of view, the observers trained in the graduation of behaviors 
�•�˜�›�1 �•�‘�Ž�1 ���Ž�•�•�œ�1 �•�Ž���—�Ž�•�1 �’�—�1 �•�‘�’�œ�1 �›�Ž�œ�Ž�Š�›�Œ�‘�ñ�1 ���—�š�ž�’�›�¢�ð�1 ���Ž�›�œ�ž�Š�œ�’�˜�—�ð�1 ���˜�œ�’�•�’�Ÿ�’�•�¢�ð�1 ���Ž�•�Š�•�’�Ÿ�’�•�¢�ð�1 ���—�•�Ž�›�—�Š�•�1
Information, and External Information. This graduation of the behaviors for Positivity and 
Inquiry is illustrated in  Scheme 1�ï�1 ���œ�1 �’�•�1 �™�˜�œ�œ�’�‹�•�Ž�1 �•�˜�1 �•�˜�1 �Š�1 ���—�Ž�›�1 �•�›�Š�•�Š�•�’�˜�—�õ�1 ���‹�Ÿ�’�˜�ž�œ�•�¢�ð�1 �’�•�1 �’�œ�ï�1
���’�–�’�•�Š�›�•�¢�ð�1�’�•�1�—�˜�•�Ž�•�1�•�‘�Š�•�1�Š�1�œ�™�Ž�Œ�’���Œ�1�Ž�¡�™�•�˜�›�Š�•�’�˜�—�1�˜�•�1�•�Š�Œ�’�Š�•�1�•�Ž�œ�•�ž�›�Ž�œ�1� �Š�œ�1�—�˜�•�1�™�Ž�›�•�˜�›�–�Ž�•�1�û�•�›�˜� �—�’�—�•�ð�1
�˜�™�Ž�—�’�—�•�1�˜�›�1�Œ�•�˜�œ�’�—�•�1�•�‘�Ž�1�Ž�¢�Ž�œ�1�•�˜�˜�1�–�ž�Œ�‘�ð�1�Œ�‘�Š�—�•�’�—�•�1�•�‘�Ž�1�•�’�—�Ž�1�˜�•�1�•�‘�Ž�1�–�˜�ž�•�‘�ð�1�Š�—�•�1�œ�˜�1�˜�—�1�Š�—�•�1�œ�˜�1�•�˜�›�•�‘�ü�1
[31–33]. It is a subject that opens a future work.

From practice, each component of the team in charge of registration, consisting of four people, 
�•�’�Ÿ�Ž�œ�1�’�—�•�Ž�™�Ž�—�•�Ž�—�•�•�¢�1�•�‘�Ž�1�œ�Š�–�Ž�1�œ�Œ�Ž�—�Ž�1�û�’�–�Š�•�Ž�1�Š�—�•�1�œ�˜�ž�—�•�ü�1�˜�•�1�œ�˜�–�Ž�1�˜�•�1�•�‘�Ž�1�Ÿ�’�•�Ž�˜�œ�1�Œ�Š�™�•�ž�›�Ž�•�1�˜�•�1�•�‘�Ž�1
activity carried out by the students. This brief scene, of the order of 10 minutes, is numerically 
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�Œ�˜�•�Ž�•�1 �Š�Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �•�‘�Ž�1 �‹�Ž�‘�Š�Ÿ�’�˜�›�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1 �’�—�1�•�‘�Ž�1 �œ�Š�–�Ž�1 ���Ž�•�•�ï�1 ���—�1�•�Ž�—�Ž�›�Š�•�ð�1 �•�‘�Ž�1 �Œ�˜�•�’�—�•�1 �•�Š�‹�•�Ž�œ�1
�‘�Š�Ÿ�Ž�1�W�V�^�V�1�›�˜� �œ�ð�1�œ�Ž�™�Š�›�Š�•�Ž�•�1�‹�¢�1�’�—�•�Ž�›�Ÿ�Š�•�œ�1�˜�•�1�[�1�œ�Ž�Œ�˜�—�•�œ�ï�1���—�Œ�Ž�1�•�‘�’�œ�1�™�›�˜�Œ�Ž�œ�œ�1�’�œ�1���—�’�œ�‘�Ž�•�ð�1�•�‘�Ž�1�•�˜�ž�›�1
tables generated are analyzed by the psychologist and a statistician who study the convergen-
ces and divergences between the measures: the guideline, in the form of feedback, given to the 
observers is to identify the actions that promote relationships within the team. Gradually, the 
times of study of scenes are extended, until covering the session of complete learning about 
90 minutes. The comparative analysis of the measures is the one that indicates if the instru-
�–�Ž�—�•�œ�1�û�•�‘�Ž�1�˜�‹�œ�Ž�›�Ÿ�Ž�›�œ�ü�1�™�›�Ž�œ�Ž�—�•�1�œ�’�–�’�•�Š�›�’�•�¢�1�’�—�1�•�‘�Ž�’�›�1�›�Ž�•�’�œ�•�Ž�›�œ�1�ý27]. After a work period of about 1 
�–�˜�—�•�‘�ð�1�’�•�1� �Š�œ�1�™�˜�œ�œ�’�‹�•�Ž�1�•�˜�1�Œ�Ž�›�•�’�•�¢�1�•�‘�Š�•�1�•�‘�Ž�1�˜�‹�œ�Ž�›�Ÿ�Ž�›�œ�1� �Ž�›�Ž�1�Œ�Š�•�’�‹�›�Š�•�Ž�•�1�Š�—�•�1�›�Ž�•�’�Š�‹�•�Ž�1���’�—�œ�•�›�ž�–�Ž�—�•�œ���1
�û�›�Ž�œ�ž�•�•�œ�1�’�•�•�ž�œ�•�›�Š�•�Ž�•�1�’�—�1���Ž�Œ�•�’�˜�—�1�[�ï�[�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�Œ�˜�—�•�›�˜�•�1�Š�—�•�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�Š�•�1�•�Ž�Š�–�ü�ï

5.4. Time series

���‘�Ž�1�™�›�˜�™�˜�›�•�’�˜�—�œ�1���1�½�1�������&�������ð�1���1�½�1�������&�����	�ð�1�Š�—�•�1���1�½�1�����&�����1�Œ�˜�—�œ�•�›�ž�Œ�•�Ž�•�1�Œ�˜�—�œ�•�’�•�ž�•�Ž�1�—�ž�–�Ž�›�’�Œ�Š�•�1 
series of 1080 data that are called time series. After applying the initial condition with emphasis on 
�Ž�–�˜�•�’�˜�—�œ�1�Š�•�1�Y�V�1�–�’�—�ž�•�Ž�œ�ð�1�œ�˜�–�Ž�1�˜�•�1�•�‘�Ž�1�•�›�Š�™�‘�œ�1�˜�•�1�•�‘�Ž�1�–�˜�Ÿ�’�—�•�1�Š�Ÿ�Ž�›�Š�•�Ž�œ�1�’�—�1�•�’�–�Ž�1�Š�›�Ž�1�‹�Ž�•�˜� �1�ûGraph 1�ü�ñ

Graph 1.�1���Ž�™�›�Ž�œ�Ž�—�•�œ�1�•�‘�Ž�1�Ÿ�Š�›�’�Š�•�’�˜�—�1�˜�Ÿ�Ž�›�1�•�’�–�Ž�1�˜�•�1�•�‘�Ž�1���’�–�Ž�1���Ž�›�’�Ž�œ�1�˜�•�1�•�‘�Ž�1���ž�Š�—�•�’�•�’�Ž�œ�1���˜�œ�’�•�’�Ÿ�’�•�¢�&���Ž�•�Š�•�’�Ÿ�’�•�¢�1�û�½�1���ü�1�Š�—�•�1�˜�•�1�•�‘�Ž�1
�›�Š�•�’�˜�1���—�•�Ž�›�—�Š�•�1���—�•�˜�›�–�Š�•�’�˜�—�&���¡�•�Ž�›�—�Š�•�1���—�•�˜�›�–�Š�•�’�˜�—�1�û�½�1���ü�ï

Scheme 1. It indicates the domain of double polarity and the coding scale, in its dual polarity, of Positivity and Inquiry, 
with its 13 associated behaviors.
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5.5. Reliability and validity of measuring instruments

���•�•�ž�œ�•�›�Š�•�’�˜�—�1� �’�•�‘�1�•�‘�Ž�1���’�–�Ž�—�œ�’�˜�—�1���1�½�1�������&�����	�1�’�—�1�•�’�–�Ž�1�ž�œ�’�—�•�1�–�˜�Ÿ�’�—�•�1�Š�Ÿ�Ž�›�Š�•�Ž�œ�ï

where:

���Ž�Š�›�œ�˜�—���œ�1���Š�–�™�•�Ž�1���˜�›�›�Ž�•�Š�•�’�˜�—�1���˜�Ž���Œ�’�Ž�—�•�1�ý34�þ�1�•�˜�›�1�•�‘�Ž�1�•�ž�—�•�Š�–�Ž�—�•�Š�•�1�•�’�–�Ž�—�œ�’�˜�—�ð�1���ð�1�›�Ž�•�Ž�›�›�’�—�•�1�•�˜�1
�•� �˜�1�’�•�Ž�–�œ�1�•�›�˜�–�1�•� �˜�1�•�’���Ž�›�Ž�—�•�1�Œ�˜�ž�›�œ�Ž�œ�ñ
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with �2 ��  ¯   �7=�70.63,�2S�7=�70.322,�3 �…�2at�2level�20.05,�2r�7=�7n �º 1�7=�711 �º 1�7=�710�7=�7degrees of freedom

         
where�2n�2is the number�2of measurements.

    

   

 t  n�º1;1�91�º  �… __ 2    �7=�7 t  10�º1;1�º  0.05 ____ 2    �7=�7 t  9;0.975  �7=�72.228�2 �û for�2Distribution�2t�Student�ü .

       
�Œ�˜�—���•�Ž�—�Œ�Ž�2interval �7=�70.63 ±  2.228   �  �9  0.322 _____ 

 �Æ 
___

 11  
  �7=�7 �  

0.41�3  �ûminimum �ü 
   

0.85�3  �ûmaximum �ü 
  
 �1�1 �û�Y�ü

Finally, we want to know if the measuring instrument calibrated for accuracy.

Hypothesis test �ñ�1�•�Ž���—�Ž�•�1�
0�1�½�1���ž�•�•�1�
�¢�™�˜�•�‘�Ž�œ�’�œ�1�Š�—�•�1�
1 = Alternative hypothesis [35].

Process:

H0: µ = 0.56, the instrument is calibrated for accuracy.

�
�W�ñ�1�•�1�¾�1�V�ï�[�\�ð�1�•�‘�Ž�1�’�—�œ�•�›�ž�–�Ž�—�•�1�’�œ�1�—�˜�•�1�Œ�Š�•�’�‹�›�Š�•�Ž�•�ï�1���‘�Ž�›�Ž�1�’�œ�1�Š�1�œ�¢�œ�•�Ž�–�Š�•�’�Œ�1�Ž�›�›�˜�›�ï

  t�7=�7  
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 n    
  �7=�7  0.63 �º 0.56 ________ 

  0.322 _____ 
 �Æ 

___
 11  
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where   Y ¯   �7=�70.63 �ð�1�•�1�½�1�V�ï�[�\�1�’�œ�1�Š�1�Œ�˜�—�•�›�˜�•�1�•�Ž�Š�–�1�û�Œ�Š�•�’�‹�›�Š�•�Ž�•�1� �’�•�‘�1�Ÿ�Š�•�’�•�1�™�›�˜�Œ�Ž�•�ž�›�Ž�œ�ü�ï

���’���Ž�›�Ž�—�•�1�˜�‹�œ�Ž�›�Ÿ�Š�•�’�˜�—�Š�•�1�–�˜�—�’�•�˜�›�’�—�•�1�•�Ž�Š�–�œ�1� �Ž�›�Ž�1�Ž�–�™�•�˜�¢�Ž�•�1�•�˜�1�™�Ž�›�•�˜�›�–�1�•�‘�Ž�1�–�Ž�Š�œ�ž�›�Ž�–�Ž�—�•�œ�1�Š�—�•�1
obtain µ

�›�1�½�1�—�1�º�1�W�1�½�1�W�W�.�W�1�½�1�W�V

   t  n�º1;;1�º  �… __ 2    �7=�7 � �2 t  10;0.95  �7=�71.812;�9�3 t  10;0.99  �7=�72.764;�9�3 t  10;0.999  �7=�73.169   

The numerical values of t extracted from [34].

Graph 2�1�›�Ž�™�›�Ž�œ�Ž�—�•�œ�1�•�‘�Ž�1���˜�›�–�Š�•�1���’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�’�—�•�’�Œ�Š�•�˜�›�œ�1�•�ï

The accuracy calibrated instrument hypothesis is accepted.

Graph 2.�1���˜�›�–�Š�•�1�•�’�œ�•�›�’�‹�ž�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�’�—�•�’�Œ�Š�•�˜�›�œ�1t.
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6. Dynamics

���›�˜�–�1�•�‘�Ž�1�•�’�–�Ž�1�œ�Ž�›�’�Ž�œ�1�˜�•�1���1�û�•�ü�ð�1���1�û�•�ü�ð�1�Š�—�•�1���1�û�•�ü�ð�1�•�‘�Ž�1�•�’�œ�Œ�›�Ž�•�’�£�Ž�•�1�Œ�˜�•�ž�–�—�1�Ÿ�Ž�Œ�•�˜�›�œ�1�Š�›�Ž�1�Œ�˜�—�œ�•�›�ž�Œ�•�Ž�•�1
�û�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�•�‘�Š�•�1�Š�•�•�‘�˜�ž�•�‘�1�Ÿ�Ž�Œ�•�˜�›�œ�1� �’�•�‘�1�Š�1�–�’�—�’�–�ž�–�1�˜�•�1�W�V�V�V�1�Ž�•�Ž�–�Ž�—�•�œ�1�Š�•�•�˜� �1�–�Š�”�’�—�•�1�•�˜�˜�•�1�Ž�œ�•�’-
mations, the ideal is that contain over 5000 components for the stability of the Lyapunov coef-
���Œ�’�Ž�—�•�œ�ü�ï�1���Œ�Œ�˜�›�•�’�—�•�1�•�˜�1�•�‘�Ž�1�œ�’�•�—�’���Œ�Š�—�•�1�•�Ž�Š�›�—�’�—�•�1�˜�•�1�•�‘�Ž�1�•�Ž�Š�–�1�˜�•�1�œ�•�ž�•�Ž�—�•�œ�ð�1�•�‘�Ž�1�•�›�Š�™�‘�œ�1�˜�•�1�•�‘�Ž�1�•�’�–�Ž�1
series in the phased space acquire such forms:

The time series and the graph obtained are those that allow incorporating elements of chaos 
theory in their study. They satisfy two fundamental conditions of this theory: sensitivity 
to initial conditions and the existence of Lyapunov exponents greater than zero. Applying 
to the experimental data, the Lorenz equations [36, 37�þ�1 �–�˜�•�’���Ž�•�1 �Š�Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �•�‘�Ž�1 �•�˜�ž�›�•�‘�1
�˜�›�•�Ž�›�1 ���ž�—�•�Ž�1 ��ž�4�Š�1 �—�ž�–�Ž�›�’�Œ�Š�•�1 �–�Ž�•�‘�˜�•�ð�1 �•�‘�Ž�1 �•�¢�—�Š�–�’�Œ�œ�1 �Œ�•�Š�œ�œ�’���Ž�•�1 �•�›�˜�–�1 �•�‘�Ž�1 �Œ�˜�—�•�›�˜�•�1 �™�Š�›�Š�–�Ž�•�Ž�›�1
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�û�Š�•�œ�˜�1�Œ�Š�•�•�Ž�•�1�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�’�•�¢�ü�ï�1���•�œ�1�Ÿ�Š�•�ž�Ž�œ�1�•�Ž�•�’�Ÿ�Ž�›�1�•�‘�Ž�1�™�Ž�›�•�˜�›�–�Š�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1�•�Ž�Š�–�œ�1�•�‘�Š�•�1�–�Š�”�Ž�1�ž�™�1�•�‘�Ž�1
���¡�™�Ž�›�’�–�Ž�—�•�Š�•�1�	�›�˜�ž�™�ñ�1���˜� �1�û�›�1�½�1�W�\�ï�[�ð�1� �Ž�Š�”�1�Š�4�›�Š�Œ�•�˜�›�ü�ð�1���Ž�•�’�ž�–�1�û�›�1�½�1�X�V�ï�[�ð�1�–�Ž�•�’�ž�–�1�Š�4�›�Š�Œ�•�˜�›�ü�ð�1�Š�—�•�1
�
�’�•�‘�1�û�›�1�½�1�X�^�ï�]�ð�1�Œ�‘�Š�˜�•�’�Œ�1�Š�4�›�Š�Œ�•�˜�›�ü�ï

���‘�Ž�œ�Ž�1�Ÿ�Š�•�ž�Ž�œ�1�Œ�˜�–�™�Š�›�Ž�•�1� �’�•�‘�1�•�‘�˜�œ�Ž�1�•�‘�Š�•�1�Š�›�’�œ�Ž�1�•�›�˜�–�1�•�‘�Ž�˜�›�Ž�•�’�Œ�Š�•�1�’�•�Ž�›�Š�•�’�Ÿ�Ž�1�Œ�¢�Œ�•�Ž�œ�1�û�ž�œ�’�—�•�ð�1�•�˜�›�1�Ž�¡�Š�–-
�™�•�Ž�ð�1�Š�•�“�ž�œ�•�–�Ž�—�•�1�‹�¢�1���˜�ž�›�’�Ž�›�1���’�–�Ž�1���Ž�›�’�Ž�œ�ü�1�•�˜�›�1���1�û�•�ü�ð�1���1�û�•�ü�ð�1�Š�—�•�1���1�û�•�ü�ð�1�‹�Š�œ�Ž�•�1�˜�—�1�•�‘�Ž�1�›�Š�—�•�Ž�1�˜�•�1�•�‘�Ž�’�›�1
�Ž�¡�™�Ž�›�’�–�Ž�—�•�Š�•�1�•�˜�–�Š�’�—�œ�ï�1���›�˜�•�›�Š�–�–�’�—�•�1�’�—�1���Š�•���Š�‹�1�û�œ�˜�•�•� �Š�›�Ž�1�•�˜�›�1�—�ž�–�Ž�›�’�Œ�Š�•�1�Œ�Š�•�Œ�ž�•�Š�•�’�˜�—�1�Š�—�•�1�œ�Œ�’-
�Ž�—�•�’���Œ�1�Š�—�Š�•�¢�œ�’�œ�ü�1�•�‘�Ž�1 �–�˜�•�’���Ž�•�1 ���˜�›�Ž�—�£�1�Ž�š�ž�Š�•�’�˜�—�œ�1�ý28, 33�þ�1�û�Š�•�œ�˜�1 �™�˜�œ�œ�’�‹�•�Ž�1�‹�¢�1 ���Ž�ž�›�Š�•�1 ���Ž�•� �˜�›�”�œ�1
[38] or Cellular Automata [39 �þ�ü�ð�1�•�‘�Ž�1�•�›�Š�™�‘�œ�1�Š�›�Ž�1�˜�‹�•�Š�’�—�Ž�•�1�Š�œ�1�œ�‘�˜� �—�ñ

���‘�Ž�œ�Ž�1 �•�›�Š�™�‘�’�Œ�œ�1 �Š�›�Ž�1 �Œ�•�Š�œ�œ�’���Ž�•�1 �Š�Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �•�‘�Ž�1 �Ÿ�Š�•�ž�Ž�œ�1 �˜�•�1 �•�‘�Ž�1 �•�‘�Ž�˜�›�Ž�•�’�Œ�1 �Œ�˜�—�•�›�˜�•�1 �™�Š�›�Š�–�Ž�•�Ž�›�ð�1 �›�ð�1
which �1�›�˜�ž�•�‘�•�¢�1�–�Š�•�Œ�‘�Ž�œ�1� �’�•�‘�1�•�‘�Ž�1�Ÿ�Š�•�ž�Ž�œ�1�˜�•�1�›�1�•�˜�›�1� �Ž�Š�”�ð�1�–�Ž�•�’�ž�–�1�Š�—�•�1�Œ�‘�Š�˜�•�’�Œ�1�Š�4�›�Š�Œ�•�˜�›�ð�1�›�Ž�œ�™�Ž�Œ-
tively, emerging from the experimental Time Series.

���•�1� �Š�œ�1�˜�‹�œ�Ž�›�Ÿ�Ž�•�1�•�‘�Š�•�1�•�‘�Ž�1�Œ�˜�—�•�›�Š�œ�•�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�™�Ž�›�•�˜�›�–�Š�—�Œ�Ž�1�˜�•�1�•�‘�Ž�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�Š�•�1�•�›�˜�ž�™�œ�1�û�œ�Ž�•�Ž�Œ�•-
�’�—�•�1�Š�1�•�Ž�Š�–�1� �’�•�‘�1�Œ�‘�Š�˜�•�’�Œ�1�•�¢�—�Š�–�’�Œ�œ�ü�1�Š�—�•�1�•�‘�Ž�1�Œ�˜�—�•�›�˜�•�1�•�›�˜�ž�™�œ�1�û�•�›�Š�•�’�•�’�˜�—�Š�•�1�Œ�˜�ž�›�œ�Ž�œ�1� �’�•�‘�˜�ž�•�1�’�—�’�•�’�Š�•�1
�Œ�˜�—�•�’�•�’�˜�—�ñ�1�Œ�‘�˜�˜�œ�’�—�•�1�Š�1�•�˜�˜�•�1�™�Ž�›�•�˜�›�–�Š�—�Œ�Ž�1�•�Ž�Š�–�ü�1�’�œ�1�Œ�Š�›�›�’�Ž�•�1�˜�ž�•�1�•�‘�›�˜�ž�•�‘�1�Œ�›�˜�œ�œ�,�Œ�˜�›�›�Ž�•�Š�•�’�˜�—�ï�1���‘�Ž�1
�Œ�›�˜�œ�œ�,�Œ�˜�›�›�Ž�•�Š�•�’�˜�—�œ�1�‹�¢�1 �•�›�˜�ž�™�1 �Š�Œ�Œ�˜�›�•�’�—�•�1 �•�˜�1 �•�‘�Ž�1 �’�—���ž�Ž�—�Œ�Ž�1 �Ž�¡�Ž�›�•�Ž�•�1 �‹�¢�1 �•�‘�Ž�1 �Ÿ�Š�›�’�Š�‹�•�Ž�1 �˜�•�1 �Ž�–�˜�•�’�˜�—�œ�1 
���1�û�½�1���˜�œ�’�•�’�Ÿ�’�•�¢�&���Ž�•�Š�•�’�Ÿ�’�•�¢�ü�1�˜�—�1�•�‘�Ž�1�Ÿ�Š�›�’�Š�‹�•�Ž�1���1�û�½�1���—�š�ž�’�›�¢�&���Ž�›�œ�ž�Š�œ�’�˜�—�ü�1�ý20–25] is observed in Table 2.

The experimental group treated with contextualized initial conditions, which promote high con -
�—�Ž�Œ�•�’�Ÿ�’�•�¢�1� �’�•�‘�’�—�1�Ž�Š�Œ�‘�1�•�Ž�Š�–�ð�1�œ�‘�˜� �œ�1�•�‘�Š�•�1�•�‘�Ž�1�‹�Š�•�Š�—�Œ�Ž�•�1�™�›�Ž�œ�Ž�—�Œ�Ž�1�˜�•�1�™�˜�œ�’�•�’�Ÿ�’�•�¢�&�—�Ž�•�Š�•�’�Ÿ�’�•�¢�1�’�—�1�•�‘�Ž�’�›�1
�›�Ž�•�Š�•�’�˜�—�œ�‘�’�™�œ�1�Ž�¡�Ž�›�•�œ�1�Š�—�1�’�—���ž�Ž�—�Œ�Ž�1 �W�ï�]�1 �Å�1 �X�ð�1 �Š�™�™�›�˜�¡�’�–�Š�•�Ž�•�¢�ð�1 �˜�—�1�•�‘�Ž�1 �Ÿ�Š�›�’�Š�‹�•�Ž�1 ���ð�1 � �‘�’�Œ�‘�1 �’�œ�1�’�—�š�ž�’�›�¢�&
�™�Ž�›�œ�ž�Š�œ�’�˜�—�1�û�•�‘�Ž�1�–�˜�œ�•�1�›�Š�•�’�˜�—�Š�•�1�™�Š�›�•�1�˜�•�1�•�‘�Ž�1�•�Ž�Š�–���œ�1� �˜�›�”�ü�ï�1���‘�ž�œ�ð�1�•�‘�Ž�1�•�Ž�Š�–�1�•�Ž�Š�•�œ�1�–�˜�›�Ž�1�Ž���Œ�’�Ž�—�•�•�¢�1
�Š�—�•�1�œ�Š�•�Ž�•�¢�1�•�˜� �Š�›�•�1�•�‘�Ž�1�Š�Œ�‘�’�Ž�Ÿ�Ž�–�Ž�—�•�1�˜�•�1�–�Ž�Š�—�’�—�•�•�ž�•�1�•�Ž�Š�›�—�’�—�•�ï�1���‘�’�œ�1�’�—���ž�Ž�—�Œ�Ž�1�•�›�Š�—�œ�•�Š�•�Ž�•�1�’�—�•�˜�1�Œ�˜�—-
�—�Ž�Œ�•�’�Ÿ�’�•�¢�1�Š�—�•�1�Ž�–�˜�•�’�˜�—�Š�•�1���Ž�•�•�1�Ž�Ÿ�˜�•�ž�•�’�˜�—�1�›�Ž���Ž�Œ�•�Ž�•�1�’�—�1�•�‘�Ž�1�Ÿ�Š�•�ž�Ž�1�•�‘�Š�•�1�œ�•�ž�•�Ž�—�•�œ�1�•�’�Ÿ�Ž�1�•�˜�1�•�Ž�Š�›�—�’�—�•�1�Š�—�•�1
in its achievements. These achievements range from the experience of collaborative work, each 
component is determined in the learning process, to the formal evaluation procedures applied 
ranging from the weekly reports, entrance test at the beginning of the teaching session, tests, 
oral interrogation of any component of the team whose performance is extended to the whole 
team, etc.

Group Control Experimental Comparison: experimental/control

Cross-correlation 0.3 0.5 1.7

Table 2. Comparison between cross-correlation according to the Control and Experimental Teams.
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7. Connectivity

���‘�Ž�1�Œ�˜�—�•�›�˜�•�1�™�Š�›�Š�–�Ž�•�Ž�›�1�›�1�û�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�’�•�¢�1�ý40�þ�ü�1�•�’�Ÿ�Ž�œ�1�•�‘�Ž�1�•�›�Š�—�œ�’�•�’�˜�—�1�‹�Ž�•� �Ž�Ž�—�1�•�‘�Ž�1�•�’���Ž�›�Ž�—�•�1�•�¢�—�Š�–-
�’�Œ�œ�1�•�‘�Š�•�1�•�Š�Ÿ�˜�›�1�–�Ž�Š�—�’�—�•�•�ž�•�1�•�Ž�Š�›�—�’�—�•�ï�1���˜�—�—�Ž�Œ�•�’�Ÿ�’�•�¢�1�•�Ž���—�Ž�•�1�Š�œ�1�•�‘�Ž�1�Œ�Š�™�Š�Œ�’�•�¢�1�œ�‘�˜� �—�1�‹�¢�1�•�‘�Ž�1�Œ�˜�–�™�˜-
nents of a system to expand the actions of others by their actions and to expand their actions 
from the actions of others [41, 42�þ�ï�1���‘�’�œ�1�•�Ž���—�’�•�’�˜�—�1�’�œ�1�Š�1�•�•�’�–�™�œ�Ž�1�’�—�•�˜�1�Š�—�1�ž�—�•�Ž�›�•�¢�’�—�•�1�›�Ž�•�Ž�›�Ž�—�•�’�Š�•�1
framework, inherent in all things, sustained by the complex intervariable interferences that 
�Œ�‘�Š�›�Š�Œ�•�Ž�›�’�£�Ž�1�•�‘�Ž�–�ð�1�’�—�1�Š�1���›�œ�•�1�Š�™�™�›�˜�¡�’�–�Š�•�’�˜�—�ï

���‘�Ž�œ�Ž�1�’�—�•�Ž�›�•�Ž�›�Ž�—�Œ�Ž�œ�1�’�—�•�ž�Œ�Ž�1�Œ�•�ž�4�Ž�›�1�•�¢�—�Š�–�’�Œ�œ�1�•�‘�Š�•�1�Œ�›�Ž�Š�•�Ž�1�Š�—�1�’�—�•�Ž�•�•�’�•�Ž�—�•�1�Œ�˜�•�•�Ž�Œ�•�’�Ÿ�Ž�1�˜�›�•�Ž�›�ð�1�‹�ž�•�1
temporary, which makes it imperative to incorporate them in learning. Teams with high 
�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�’�•�¢�1�Š�—�•�1�‘�’�•�‘�1�������&�����	�1�š�ž�˜�•�’�Ž�—�•�œ�1�û�•�›�Ž�Š�•�Ž�›�1�•�‘�Š�—�1�˜�›�1�Ž�š�ž�Š�•�1�•�˜�ñ�1�X�ï�[�1�ý43], 4.3 [44], and 5 
[17�þ�ü�1�Š�›�Ž�1�œ�ž�œ�•�Š�’�—�Ž�•�1�˜�Ÿ�Ž�›�1�•�’�–�Ž�1�Š�—�•�1�Š�Œ�‘�’�Ž�Ÿ�Ž�1�•�‘�Ž�1�˜�‹�“�Ž�Œ�•�’�Ÿ�Ž�œ�1�˜�•�1�•�‘�Ž�1�Š�Œ�•�’�Ÿ�’�•�¢�1�ý24, 45]. When observ-
ing Graph 3, we can see a growth in connectivity, as we approach the chaotic or complex 
dynamics:

���‘�Š�•�1�•�˜�Ž�œ�1�•�‘�’�œ�1�’�—�Œ�›�Ž�Š�œ�’�—�•�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�’�•�¢�1�û�Ž�—�•�›�˜�™�’�Œ�1�Œ�˜�—�—�Ž�Œ�•�’�Ÿ�’�•�¢�ü�1�–�Ž�Š�—�1�•�˜�›�1�•�Ž�Š�›�—�’�—�•�õ�1
���œ�1�’�•�1�™�˜�œ�œ�’�‹�•�Ž�1�•�˜�1�Œ�Š�•�Œ�ž�•�Š�•�Ž�1�’�•�õ�1�
�˜� �1�’�œ�1�’�•�1�›�Ž�•�Š�•�Ž�•�1�•�˜�1�•�‘�Ž�1�Œ�˜�–�™�•�Ž�¡�’�•�¢�1�˜�•�1�•�‘�Ž�1�•�Ž�Š�›�—�’�—�•�1�™�›�˜�Œ�Ž�œ�œ�1�ž�—�•�Ž�›�1
�œ�•�ž�•�¢�õ

���—�œ� �Ž�›�’�—�•�1�•�‘�Ž�œ�Ž�1�š�ž�Ž�œ�•�’�˜�—�œ�ð�1�•�’���Ž�›�Ž�—�•�1�—�ž�–�Ž�›�’�Œ�Š�•�1�™�›�˜�Œ�Ž�•�ž�›�Ž�œ�1� �Ž�›�Ž�1�Š�™�™�•�’�Ž�•�1�•�˜�1�•�‘�Ž�1�•�’�–�Ž�1�œ�Ž�›�’�Ž�œ�1
[46�þ�ð�1� �‘�’�Œ�‘�1�Š�•�•�˜� �1�•�Ž�•�Ž�›�–�’�—�’�—�•�1�•�‘�Ž�1���¢�Š�™�ž�—�˜�Ÿ�1�Œ�˜�Ž���Œ�’�Ž�—�•�œ�1�ý47�þ�ð�1�•�‘�Ž�1��˜�•�–�˜�•�˜�›�˜�Ÿ�1�Ž�—�•�›�˜�™�¢�1�û��K�ü�1
[48, 49], the complexity [50�þ�ð�1�Š�—�•�1���—�Š�•�•�¢�ð�1�•�‘�Ž�1�ž�—�Œ�Ž�›�•�Š�’�—�•�¢�1�’�—�1�’�—�•�˜�›�–�Š�•�’�˜�—�1�ý51].

8. Irreversibility and the sustainability of learning

The position of Ilya Prigogine [ 52, 53] on irreversibility and entropy varies that of traditional 
�™�‘�¢�œ�’�Œ�œ�ï�1���—�1�‘�’�œ�1�•�Ž�Œ�•�ž�›�Ž�1���‘�Ž�1���’�›�•�‘�1�˜�•�1���’�–�Ž�1�û���˜�–�Ž�ð�1�W�_�^�]�ü�ð�1���›�’�•�˜�•�’�—�Ž�1�Š�›�•�ž�Ž�•�ñ

�����—�•�›�˜�™�¢�1�Š�•� �Š�¢�œ�1�Œ�˜�—�•�Š�’�—�œ�1�•� �˜�1�•�’�Š�•�Ž�Œ�•�’�Œ�Š�•�1�Ž�•�Ž�–�Ž�—�•�œ�ñ�1�Š�1�Œ�›�Ž�Š�•�˜�›�1�Ž�•�Ž�–�Ž�—�•�1�˜�•�1�•�’�œ�˜�›�•�Ž�›�ð�1�‹�ž�•�1�Š�•�œ�˜�1�Š�1
�Œ�›�Ž�Š�•�’�Ÿ�Ž�1�Ž�•�Ž�–�Ž�—�•�1�˜�•�1�˜�›�•�Ž�›�ï�1�û�ó�ü�1���Ž�1�œ�Ž�Ž�ð�1�•�‘�Ž�—�ð�1�•�‘�Š�•�1�’�—�œ�•�Š�‹�’�•�’�•�¢�ð�1���ž�Œ�•�ž�Š�•�’�˜�—�œ�ð�1�Š�—�•�1�’�›�›�Ž�Ÿ�Ž�›�œ�’�‹�’�•�’�•�¢�1

Graph 3.�1���¢�—�Š�–�’�Œ�œ�1�˜�•�1�•�Ž�Š�›�—�’�—�•�1versus connectivity.
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play a role at all levels of nature: chemical, ecological, climatological, biological - with the 
�•�˜�›�–�Š�•�’�˜�—�1�˜�•�1�‹�’�˜�–�˜�•�Ž�Œ�ž�•�Ž�œ�1�,�1�Š�—�•�1���—�Š�•�•�¢�1�Œ�˜�œ�–�˜�•�˜�•�’�Œ�Š�•���ï

In this way, it was observed that the phenomenon of irreversibility for Prigogine is construc -
�•�’�Ÿ�Ž�ð�1�‘�’�•�‘�•�’�•�‘�•�’�—�•�1�•�‘�Ž�1���Œ�›�Ž�Š�•�’�Ÿ�Ž�1�›�˜�•�Ž�1�˜�•�1�•�’�–�Ž�ð���1� �‘�’�Œ�‘�ð�1�Š�•�1�•�Ž�Š�œ�•�1�Š�•�1�Š�1�–�Š�Œ�›�˜�œ�Œ�˜�™�’�Œ�1�•�Ž�Ÿ�Ž�•�ð�1�œ�ž�™�™�˜�œ�Ž�œ�1�Š�1
�”�’�—�•�1�˜�•�1�Š�—�•�’�Ž�—�•�›�˜�™�¢�ñ�1��the universe of non-equilibrium is a connected universe.���ï

According to Wackernagel et al. [11]:

�����ž�œ�•�Š�’�—�Š�‹�’�•�’�•�¢�1�›�Ž�š�ž�’�›�Ž�œ�1�•�‘�Š�•�1�•�’�•�Ž�1�’�œ�1� �’�•�‘�’�—�1�•�‘�Ž�1�›�Ž�•�Ž�—�Ž�›�Š�•�’�˜�—�1�Œ�Š�™�Š�Œ�’�•�¢�1�˜�•�1�•�‘�Ž�1�‹�’�˜�œ�™�‘�Ž�›�Ž�ï�1���—�1�Š�—�1�Š�4�Ž�–�™�•�1
�•�˜�1�–�Ž�Š�œ�ž�›�Ž�1�•�‘�Ž�1�•�Ž�•�›�Ž�Ž�1�•�˜�1� �‘�’�Œ�‘�1�‘�ž�–�Š�—�’�•�¢�1�œ�Š�•�’�œ���Ž�œ�1�•�‘�’�œ�1�›�Ž�š�ž�’�›�Ž�–�Ž�—�•�ð�1�Ž�¡�’�œ�•�’�—�•�1�•�Š�•�Š�1�‘�Š�Ÿ�Ž�1�‹�Ž�Ž�—�1�ž�œ�Ž�•�1
to translate human demand on the environment in the area required for the production of food 
�Š�—�•�1�˜�•�‘�Ž�›�1�•�˜�˜�•�œ�ð�1�Š�œ�1� �Ž�•�•�1�Š�œ�1�’�—�1�•�‘�Ž�1�Š�‹�œ�˜�›�™�•�’�˜�—�1�˜�•�1� �Š�œ�•�Ž�ï�1���ž�–�Ž�›�’�Œ�Š�•�1�Ž�œ�•�’�–�Š�•�Ž�œ�1�’�—�•�’�Œ�Š�•�Ž�1�•�‘�Š�•�1�‘�ž�–�Š�—�1
demand may well have outgrown the regenerative capacities of the biosphere since the 1980s. 
According to this preliminary and exploratory evaluation, the carrying capacity of humanity cor -
�›�Ž�œ�™�˜�—�•�œ�1�•�˜�1�]�V�–�1�˜�•�1�•�‘�Š�•�1�˜�•�1�•�‘�Ž�1� �˜�›�•�•�1�‹�’�˜�œ�™�‘�Ž�›�Ž�1�’�—�1�W�_�\�W�ð�1�•�›�˜� �’�—�•�1�ž�™�1�•�˜�1�W�X�V�–�1�’�—�1�W�_�_�_���ï

All processes are irreversible because they are connected entropically making the complexity 
increases. Human activity is not exempt from this principle.

Chaotic systems consume considerable energy and information to maintain their level of 
�Œ�˜�–�™�•�Ž�¡�’�•�¢�1� �‘�’�•�Ž�1�‹�Ž�’�—�•�1�Ÿ�Ž�›�¢�1�œ�Ž�—�œ�’�•�’�Ÿ�Ž�1�•�˜�1�Ž�—�Ÿ�’�›�˜�—�–�Ž�—�•�Š�•�1���ž�Œ�•�ž�Š�•�’�˜�—�œ�1�ý54].

9. Some general mathematical concepts

�_�ï�W�ï�1���‘�Ž�1�Œ�˜�Ž���Œ�’�Ž�—�•�1�˜�•�1���¢�Š�™�ž�—�˜�Ÿ

The standard procedure of determining whether or not a system is chaotic is through the 
�Ž�¡�™�˜�—�Ž�—�•�œ�1�˜�•�1���¢�Š�™�ž�—�˜�Ÿ�1�›�Ž�™�›�Ž�œ�Ž�—�•�Ž�•�1�‹�¢�1�•�ï�1���‘�Ž�—�1�Œ�˜�—�œ�’�•�Ž�›�’�—�•�1�•� �˜�1�—�Ž�Š�›�Ž�œ�•�1�™�˜�’�—�•�œ�1�’�—�1�Š�1�œ�•�Š�•�Ž�1�—�ð�1�¡n 
and xn�1�̧ �1�•�1�¡n, in the next temporal stage, they will diverge, particularly at x �—�¸�W and x �—�¸�W�1�̧ �1�•�1�¡�1�—�¸�W.  
���•�1�’�œ�1�•�‘�’�œ�1�Š�Ÿ�Ž�›�Š�•�Ž�1�›�Š�•�’�˜�1�˜�•�1�•�’�Ÿ�Ž�›�•�Ž�—�Œ�Ž�1�û�˜�›�1�Œ�˜�—�Ÿ�Ž�›�•�Ž�—�Œ�Ž�ü�1�•�‘�Š�•�1�•�‘�Ž�1�Ž�¡�™�˜�—�Ž�—�•�œ�1�˜�•�1���¢�Š�™�ž�—�˜�Ÿ�1�Œ�Š�™�•�ž�›�Ž�ï�1
Another way of thinking about the exponents of Lyapunov is as a proportion in which the 
information about the initial conditions lashes. There are so many exponents of Lyapunov as 
a dimension of phase space.

���‘�Ž�1�œ�’�•�—�œ�1�˜�•�1�•�‘�Ž�1���¢�Š�™�ž�—�˜�Ÿ�1�Ž�¡�™�˜�—�Ž�—�•�œ�ð�1�•�ð�1�™�›�˜�Ÿ�’�•�Ž�1�Š�1�š�ž�Š�•�’�•�Š�•�’�Ÿ�Ž�1�™�’�Œ�•�ž�›�Ž�1�˜�•�1�Š�1�œ�¢�œ�•�Ž�–���œ�1�•�¢�—�Š�–�’�Œ�œ�ï�1
One-dimensional maps are characterized by a single Lyapunov exponent.

���•�1�•�‘�Ž�1�Ž�¡�™�˜�—�Ž�—�•�1�˜�•�1���¢�Š�™�ž�—�˜�Ÿ�1�’�œ�1�™�˜�œ�’�•�’�Ÿ�Ž�ð�1�•�1�Á�1�V�ð�1�•�‘�Ž�—�1�•�‘�Ž�1�œ�¢�œ�•�Ž�–�1�’�œ�1�Œ�‘�Š�˜�•�’�Œ�1�Š�—�•�1�ž�—�œ�•�Š�‹�•�Ž�1�ý55, 56]. 
���Ž�¡�•�1�™�˜�’�—�•�œ�1� �’�•�•�1�•�’�Ÿ�Ž�›�•�Ž�1�›�Ž�•�Š�›�•�•�Ž�œ�œ�1�˜�•�1�‘�˜� �1�Œ�•�˜�œ�Ž�1�•�‘�Ž�¢�1�Š�›�Ž�ï�1���•�•�‘�˜�ž�•�‘�1�•�‘�Ž�›�Ž�1�’�œ�1�—�˜�1�˜�›�•�Ž�›�ð�1�•�‘�Ž�1�œ�¢�œ-
tem is still deterministic. The magnitude of Lyapunov exponents is a measure of sensitivity to 
initial conditions, the primary characteristic of a chaotic system.

���•�1�•�1�À�1�V�ð�1�•�‘�Ž�—�1�•�‘�Ž�1�œ�¢�œ�•�Ž�–�1�’�œ�1�Š�4�›�Š�Œ�•�Ž�•�1�•�˜�1�Š�1���¡�Ž�•�1�™�˜�’�—�•�1�˜�›�1�œ�•�Š�‹�•�Ž�1�™�Ž�›�’�˜�•�’�Œ�1�˜�›�‹�’�•�1�ý55]. The absolute 
value of the exponents indicates the degree of stability.

���•�1�•�1�½�1�V�ð�1�•�‘�Ž�1�œ�¢�œ�•�Ž�–�1�’�œ�1�’�—�1�Š�1�–�Š�›�•�’�—�Š�•�•�¢�1�œ�•�Š�‹�•�Ž�1�˜�›�‹�’�•�1�ý55].
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In a three-dimensional continuous dissipative dynamical system, the only possible spectra, 
�Š�—�•�1�•�‘�Ž�1�Š�4�›�Š�Œ�•�˜�›�œ�1�•�‘�Ž�¢�1�•�Ž�œ�Œ�›�’�‹�Ž�ð�1�Š�›�Ž�1�Š�œ�1�•�˜�•�•�˜� �œ�ñ�1�û�¸�ð�V�ð�º�ü�ð�1�Š�1�œ�•�›�Š�—�•�Ž�1�Š�4�›�Š�Œ�•�˜�›�ò�1�û�V�ð�V�ð�º�ü�ð�1�Š�1�•� �˜�,�•�˜�›�ž�œ�ò�1
�û�V�ð�º�ð�º�ü�ð�1�Š�1�•�’�–�’�•�1�Œ�¢�Œ�•�Ž�ò�1�Š�—�•�1�û�º�ð�º�ð�º�ü�ð�1�Š�1���¡�Ž�•�1�™�˜�’�—�•�1�ý55].

���‘�Ž�1�Ž�š�ž�Š�•�’�˜�—�1�•�‘�Š�•�1�Š�•�•�˜� �œ�1�Œ�Š�•�Œ�ž�•�Š�•�’�—�•�1�•�‘�Ž�1�Œ�˜�Ž���Œ�’�Ž�—�•�1�˜�•�1���¢�Š�™�ž�—�˜�Ÿ�1�’�œ�1�•�’�Ÿ�Ž�—�1�‹�¢�ñ
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9.2. The exponent of Hurst, H

H is used as a measure of long-term memory of time series. It refers to the autocorrelations 
of the time series, and the speed at which they decrease as the gap between pairs of values 
increases. The inverse of the Hurst exponent is equal to the fractal dimension of a time series. 
H takes values between 0 and 1:

�
�1�¿�1�V�ï�[�1�’�—�•�’�Œ�Š�•�Ž�œ�1�•�‘�Ž�1�Š�‹�œ�Ž�—�Œ�Ž�1�˜�•�1�•�˜�—�•�,�•�Ž�›�–�1�•�Ž�™�Ž�—�•�Ž�—�Œ�Ž�1�ý57].

�V�ï�[�1�À�1�
�1�À�1�W�ð�1�’�•�1�’�œ�1�Š�1�™�Ž�›�œ�’�œ�•�Ž�—�•�1�œ�Ž�›�’�Ž�œ�ð�1�•�›�Š�™�‘�’�Œ�Š�•�•�¢�1�™�›�Ž�œ�Ž�—�•�œ�1�Š�1�œ�–�˜�˜�•�‘�1�Š�™�™�Ž�Š�›�Š�—�Œ�Ž�ï�1�
�1�¿�1�W�1�’�—�•�’�Œ�Š�•�Ž�œ�1
that the degree of persistence or long-term dependence holds.

�
�1�À�1�V�ï�[�ð�1�Œ�˜�›�›�Ž�œ�™�˜�—�•�œ�1�•�˜�1�Š�—�•�’�,�™�Ž�›�œ�’�œ�•�Ž�—�Œ�Ž�ð�1�Œ�˜�—�•�›�Š�›�¢�1�•�˜�1�•�˜�—�•�,�›�Š�—�•�Ž�1�•�Ž�™�Ž�—�•�Ž�—�Œ�¢�1�û�������ü�ð�1�’�—�•�’�Œ�Š�•�Ž�œ�1
�Š�1�œ�•�›�˜�—�•�1�—�Ž�•�Š�•�’�Ÿ�Ž�1�Œ�˜�›�›�Ž�•�Š�•�’�˜�—�1�˜�•�1�•�‘�Ž�1�™�›�˜�Œ�Ž�œ�œ�1�•�‘�Š�•�1���ž�Œ�•�ž�Š�•�Ž�œ�1�Ÿ�’�˜�•�Ž�—�•�•�¢�ï

�V�1�À�1�
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9.3. Embedding dimension

The Embedding Theorem serves to remake from the observed or measured time series, the 
evolution of the states in the phase space, where the exponents of Lyapunov and the fractal 
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If the system is random, the fractal dimension grows, as the dimension of the embedding 
space increases, that is, p.

If the system is periodic, the fractal dimension grows to a value k and then remains constant 
�Š�—�•�1� �‘�˜�•�Ž�1�û�’�•�1�’�œ�1�—�˜�•�1�•�›�Š�Œ�•�Š�•�ü�ï

If the system is chaotic, the fractal dimension stabilizes for a certain embedding dimension p. 
Also, at least one exponent of Lyapunov will be positive.
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9.4. Matrix and correlation dimension

The decomposition of time series into main analysis components gives rise to the correlation 
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dimension, is a measure of the complexity of the system [37]. A procedure of these character-
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9.5. The entropy of Kolmogorov and its relation to the loss of information

Following Farmer [ 61, 62�þ�ð�1�˜�—�Ž�1�˜�•�1�•�‘�Ž�1�Ž�œ�œ�Ž�—�•�’�Š�•�1�•�’���Ž�›�Ž�—�Œ�Ž�œ�1�‹�Ž�•� �Ž�Ž�—�1�Œ�‘�Š�˜�•�’�Œ�1�Š�—�•�1�™�›�Ž�•�’�Œ�•�Š�‹�•�Ž�1
behavior is that chaotic trajectories continuously generate new information, while predictable 
trajectories do not. Metric entropy makes this notion more rigorous. In addition to providing 
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The entropy of Kolmogorov [ 48, 49] is the average information loss [51, 63�þ�ð�1� �‘�Ž�—�1���•���1�û�Œ�Ž�•�•�1�œ�’�•�Ž�1
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a discrete system.
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over time.
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In conclusion, the calculation of the entropy of Kolmogorov:

1. ���‘�Ž�Œ�”�1�’�•�1�•�‘�Ž�1�Ž�—�•�›�˜�™�¢�1�˜�•�1��˜�•�–�˜�•�˜�›�˜�Ÿ�1�’�œ�1�‹�Ž�•� �Ž�Ž�—�1�£�Ž�›�˜�1�Š�—�•�1�’�—���—�’�•�¢�1�û�V�1�À�1��K�1�À�1�È�ü�ð�1� �‘�’�Œ�‘�1�Š�•�•�˜� �œ�1
verifying the presence of chaotic behavior. If the Kolmogorov entropy is equal to 0, no 
information loss, and the system is regular and predictable. If SK�1�½�1�È�ð�1�•�‘�Ž�1�œ�¢�œ�•�Ž�–�1�’�œ�1�Ž�—�•�’�›�Ž�•�¢�1
random and it is impossible to make any prediction.

2. ���Ž�•�Ž�›�–�’�—�Ž�1�•�‘�Ž�1�Š�–�˜�ž�—�•�1�˜�•�1�’�—�•�˜�›�–�Š�•�’�˜�—�1�—�Ž�Ž�•�Ž�•�1�•�˜�1�™�›�Ž�•�’�Œ�•�1�•�‘�Ž�1�•�ž�•�ž�›�Ž�1�‹�Ž�‘�Š�Ÿ�’�˜�›�1�˜�•�1�Š�1�œ�¢�œ�•�Ž�–�ð�1�’�—�1
this case, a learning process.
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4. To establish the maximum horizon of temporal predictability of the system, from which no 
prediction can make, nor elaboration of scenarios.

9.6. Determination of information loss

There is a relationship between the entropy of Kolmogorov and the characteristic parameter 
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information is greater [51, 64].

10. Experimental results: Application of the chaos data analyzer 
software (CDA) to the experimental time series
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the time of predictability, the complexity, and, based on these parameters, to characterize the 
sustainability of a learning process.
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apply, since they are predictable or deterministic systems.
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n: is the number of sample intervals over which each pair of points followed before a new 
pair is selected.

A: is the relative accuracy of the data before the expected noise begins to dominate.

H: Exponent of Hurst is related to the smoothness of the curve and the dimension fractal, 
according to Mandelbrot [ 67–69],  0�7�Â�7H�7�Â�71 . To  0.5�7�Â�7H�7�Â�71.0 �1 �’�—�•�’�Œ�Š�•�Ž�œ�1 �™�Ž�›�œ�’�œ�•�Ž�—�Œ�Ž�1 �û�•�‘�Ž�1 �™�Š�œ�•�1
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S = Correlation entropy [37–60�þ�1�•�˜�›�1�Ž�Š�Œ�‘�1�Ÿ�Š�›�’�Š�‹�•�Ž�1�û�–�Ž�Š�œ�ž�›�Ž�•�1�’�—�1�‹�’�•�œ�&�ž�—�’�•�œ�1�˜�•�1�•�’�–�Ž�ü�1�ûTable 3�ü�ñ
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tor, the number of eigenvalues, of the order of the correlation dimension, is a measure of the 
complexity of the system [37�þ�ï�1���—�1�•�‘�’�œ�1�Œ�Š�œ�Ž�ð�1�•� �˜�1�œ�’�•�—�’���Œ�Š�—�•�1�Ž�’�•�Ž�—�Ÿ�Š�•�ž�Ž�œ�1� �Ž�›�Ž�1�•�Ž�•�Ž�›�–�’�—�Ž�•�1�û�—�˜�•�1
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values. So, we conclude that given the number of eigenvalues, the series represent a complex 
system.

According to the López-Corona approach [ 50] for complexity, with normalized Sk�1�ûTable 3�ü�1
�    S  

 K  
obs

  
   :

   C  i   �ût�ü �7=�7 aS   K  obs,i  
   � 1 �º  S   K  obs,i  

  �  �7�Á�70,�3 i�7=�7X,�9Y,�9Z�1�1 �û�^�ü

Variable �� D N A H Correlation dimension S K

X 1.150 ± 0.099 1 2 0.0001 0.925 0.719 ± 0.247 1.027

�� 0.723 ± 0.084 1 2 0.0001 0.919 0.728 ± 0.245 0.477

�� 1.469 ± 0.105 1 2 0.0001 0.89 0.737 ± 0.251 0.728

Table 3. The correlation entropy, SK, is the entropy of Kolmogorov, and its reciprocal delivers the time for which the 
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of the matrix of correlation.

In the learning process studied, applying Chaos Theory to time series arising from characteris-
tic variables that are common to all learning processes, three particularities revealed entropic 
connectivity, irreversibility, and complexity. In the same way, the sustainability of the process 
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garbage and pollution. This corollary demonstrates the irreversibility of the process in the 
�Œ�ž�›�›�Ž�—�•�1 �—�Š�›�›�Š�•�’�Ÿ�Ž�ï�1 ���œ�1 �’�•�1 �™�˜�œ�œ�’�‹�•�Ž�1 �•�˜�1 �–�˜�•�’�•�¢�1 �•�‘�’�œ�1 �™�•�˜�•�õ�1 ���’�•�‘�’�—�1 �•�‘�Ž�1 �Œ�ž�›�›�Ž�—�•�1 �—�Š�›�›�Š�•�’�Ÿ�Ž�ð�1 �’�•�1 �œ�Ž�Ž�–�œ�1
�ž�—�•�’�”�Ž�•�¢�ï�1���1�—�Ž� �1�•�˜�›�–�1�˜�•�1�›�Ž�•�Š�•�’�˜�—�œ�‘�’�™�1�‹�Ž�•� �Ž�Ž�—�1�˜�ž�›�œ�Ž�•�Ÿ�Ž�œ�1�Š�—�•�1� �’�•�‘�1�—�Š�•�ž�›�Ž�1�–�ž�œ�•�1�‹�ž�’�•�•�ï�1�û���‘�Š�˜�œ�1
�•�‘�Ž�˜�›�¢�1�•�˜�Ž�œ�1�—�˜�•�1�Š�•�–�’�•�1�Œ�˜�–�™�•�Ž�¡�’�•�¢�1�•�˜�›�1�•�‘�Ž�1� �Ž�Š�”�1�Š�—�•�1�–�’�•�•�•�Ž�1�Š�4�›�Š�Œ�•�˜�›�ð�1�’�ï�Ž�ï�ð�1�’�•�1�•�˜�Ž�œ�1�—�˜�•�1�Š�™�™�•�¢�ü�ï

11. The future in the past? Ancient civilizations

The considerable cognitive requirements of life in complex societies have resulted in many 
primate species having larger and more expensive brains [70], with all that this implies in con -
nectivity. The human immersed in evolution has historically transferred the cost of learning 
the complexity of nature, and there is ample evidence.

11.1. Mesopotamia

In the interior of ancient Mesopotamia, agriculture and livestock farming were imposed as the 
primary economic activity between 6000 and 5000 BC�ï�1���ž�Ž�1�•�˜�1�ž�—�•�Š�Ÿ�˜�›�Š�‹�•�Ž�1�—�Š�•�ž�›�Š�•�1�Œ�˜�—�•�’�•�’�˜�—�œ�1

Graph 4. Eigenvalues of the matrix versus number eigenvalues.
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for this practice in large part of this territory, men built and used canals to transport water 
from distant sources and thus obtain good harvests. Because of these facilities, they were able 
to achieve very high performances. On the absence of excavations in rural areas, the knowl-
edge of ancient Mesopotamian agriculture is based mainly on old texts, including the numer -
�˜�ž�œ�1�›�Ž�Œ�˜�›�•�œ�1�˜�•�1�•�‘�Ž�1�™�›�Š�Œ�•�’�Œ�Ž�1�˜�•�1���Ž�•�•�1�œ�Š�•�Ž�œ�ï�1���¡�™�•�˜�’�•�Š�•�’�˜�—�1�Œ�˜�—�•�›�Š�Œ�•�œ�1�˜�›�1�•�˜�Š�—�œ�1�•�˜�›�1�•�Š�›�–�Ž�›�œ�ð�1�Š�œ�1� �Ž�•�•�1�Š�œ�1
the abundant documentation, were found in the administrative buildings of the palaces and 
temples of the cities of Mesopotamia.
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evaporation of water causes the minerals it contains to rise, and if the soil salt content is 
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became uncultivable and abandoned after intensive exploitation. In contrast, palm trees grow 
very well in salinized grounds, which explains their growth in the oldest Mesopotamia.

11.2. The Mayans

The collapse of the Mayan civilization was because of the destruction of the environment 
caused by it due to the mismanagement of resources, indicated the American archeologist 
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almost an empire, where there was a development with strong economic management and large 
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ment in which people leave, but come back. Here they left and did not return. The collapse of 
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11.3. Roman Empire
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could have stayed in this area, near the sea, but the explorations gave good results, and they 
were encouraged to continue their territorial expansion by increasing connectivity. However, 
transportation by land was slow and expensive, unlike maritime transport, so the increase in 
the connectivity became expensive.

According to Joseph Tainter [73, 74], professor of environment and society at Utah State 
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all components necessary to maintain the cohesion of its almost 60 million inhabitants of the 
more varied races. Eventually, it could not, to the eaves of knowledge and technique of the 
time that already left their trace of disorder in the environment, continue to sustain that grow -
ing complexity entering a long collapse and fragmentation.

12. Conclusion

The mathematical theory of chaos when applied to experimental time series of learning pro -
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rior of those, such as irreversibility and entropic connectivity. Similarly, when categorizing 
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an overestimation, historical, and cultural, of the regenerative capacities of the environment 
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characteristic of modern human activity: garbage and pollution, which we leave in charge 
of the planet. At present, we can perceive these regenerative limits in the form of depletion 
of croplands and productive demands on agricultural land through increasingly powerful 
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ratio exacerbated toward positivity. On the other hand, an economic-technological system 
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sion of happiness. Given the current state of the biosphere [75–77], would we expect another 
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than its willingness to learn. Civilization, from its inception, has shown that an essential evo -
lutionary characteristic of its learning is to adapt the environment to its utilities and needs, 
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complex. It means accepting limits. It recognizes in human activities not only its load of posi -
tivity, but also negativity, which broadens its meaning. There is no more provocative word 
for freewill than the idea of limits to what we want and can do. It is necessary to face that in 
all the processes that they want to carry out, the existence of limits will play an essential role. 
A predicament that is not new, and always proclaimed—and most of the time, interestingly 
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science, emotions, the human brain, religion, and more.
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row. The challenge is greater, as indicated, because it requires us to explore new forms of 
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relationship between ourselves and with nature [ 58], of which we are a part, and of the 
planet Earth in particular. Our viability of species is in interdiction, even expanding our 
environment of space, and this is a medium, even extremely hostile to human life [ 59].
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