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Abstract

Purpose: The purpose of this paper is to provide a new fundamental mathematical framework for
analysing individual and social issues that can be applied to all fields of behavioral sciences such as
sociology, economics, law, criminology, psychology, administration and management etc. that look
for understanding systematic process of organizational change, relationships, interaction and
communication of the individual and group behavioral dynamics.

Design/methodology/approach: The basic principles were expressed in 1965 by His Holiness Haj Dr.
Noor Ali Tabandeh in the article: “The Law of Physical Reaction in the Society” and referred to the
theoretical foundations of physics in society. This paper develops the cited theory mathematically in
order to provide analytic and mathematical tools for analyzing various individual and social behavior
subjects. The bases of the methods used are derived from the basic concepts of mechanics in physics
and are extended to sociology.

Findings: By presenting different topics in terms of individual and social behaviors through the
behavioral space in a simple framework we try to model the effects of alignment in a group, the
synergy of the social unity in the society, the norm of the society and its change, the change in the
individual and social behaviors, and the speed, path and duration of the change mathematically. The
“Intrinsic quantity” of an individual and the individual and the environmental resistances in changing
behavior, the social environment and the effective cross-section of individual interaction with the
community, the change in the society, and the weight and effect of individuals in this change and the
work necessary to change a person and society and the power of change and behavioral shocks in
person and society, the shape and amount of change in behavior in person are among the topics
discussed in this paper. Finally, we extend the presented framework to the stochastic and applied
statistical and sociometric issues.

Practical implications: This article describes the theoretical foundation, and the presented analytic
structure is so widespread that it can change analytical methods of all branches of social sciences and
humanities and interdisciplinary social sciences contexts.

Originality/value: This approach has been adapted from mechanics and physics. The transfer of
physical concepts to the social sciences is not new; but the claimed innovation in this theory is in the
formulation of an integrated model that connects behavioral space, individual and group aggregation,
norm, resistance, norm change, work, and shock in a common structure.

Article classification: Theoretical paper.
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Introduction

In comparison with some branches of humanities such as economics, the other disciplines are less
benefited from a mathematical-based theorization system. The reason is the complexity of human
being and his/her behavior, which is not easily analyzed with the available and accessible
mathematical frameworks. Therefore, many branches of humanities are not classified in the class of
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science, since there are still no established scientific laws for them. Despite the fact that many
researchers have done lots of research in the fields of behavioral and cognitive sciences, it is still not
yet satisfactory to document the micro and macro-structure of a society mathematically.

In humanities, mathematics was used better in economics than other disciplines. In demography, the
use of mathematics is also huge due to the nature of the statistical and quantitative population data.
But the application of mathematical models in the other branches is insufficient yet. However, these
branches though use statistics and analyze and measure human and social data, but the theoretical and
mathematical foundation for behavioral modeling is either not developed or is very weak. Bloor*
expresses that the mathematical sociology attempts to demonstrate the logical necessity of sociological
theories with mathematical proofs. He states that mathematical proofs have the motivations that force
an individual to accept. He acknowledges the difficulty of the subject but does not consider it
impossible. However, in order to achieve a unique understanding of social phenomena in sociology, he
asserts that the only way is to apply mathematics to social theorization. In spite of the efforts’ made in
sociology for explaining the dynamism of limited groups and communication networks and social
psychology, the descriptive and rational methods are still used as a sociological methodology, and few
quantitative developments have been made in the frameworks of mathematical theorization.!
Theorizing in sociology has always had a great interest in applying mathematical models and,
therefore,5 as it is said, its future as a recognized scientific discipline depends on achieving success in
this field.

Mathematical Sociology

Many researchers believe that modern science came about when they got far away from the very
definite and straightforward, understandable old patterns, and the abstract theoretical models were
formulated mathematically. March® marks the same transformation from classical physics to modern
physics as a prototype; he states: the old physicists dealt with a world that was understandable with
common senses and experience. Since the beginning of our century, the research is done in a world
that is made up of the components of matter and forms the invisible foundation of the vast universe.
Quantum physics is so abstract that its perception is too difficult, and thus it is impossible to give a
tangible picture of what is happening in our world, and it is because of the concepts that we use to
speak about a familiar macroscopic world, while these concepts are unsuccessful in expressing the
microstructure of the elemental components, and therefore they are unsuitable for describing it. This is
because modern physics has radically changed its way of thinking and used the concepts that, although
they have precise meaning in terms of mathematical symbols, cannot be interpreted through tangible
and sensible expressions, therefore, the new physics is not understandable for one who looks at it
outwardly, not because physicists avoid using comprehensible concepts, but because their strangeness
results from the nature of the research that does not tolerate the tangible and sensible concept.

The evolution of models and their application in science, and especially in the sociology, suggest a
variety of methods for modeling social phenomena.’” In most of these patterns, an allegory of the other
phenomena has been used. For example, the use of the pyramid to express the social hierarchy, and the
age pyramid and the social stratification from the balance for expressing the justice, from the clock to
express the complexity and regularity of the society, from the gravity to express the urban
communities development, from the similarity of the living organism and the human body to define
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the society as a whole, from the lifetime (birth, childhood, youth, senility and death) of organisms to
express the history of development of the societies® and the like are quite common.’

The topics of mathematical sociology are not original, and each of them is defined and developed by
means of other ideas applied in other fields of humanities and specifically economics. The existence of
strong assumptions in them as well as the incomplete match of scientific ideas in various disciplines
has caused these types of adaptations to not have a complete application in solving social problems.
For example, Pareto's theory in economics is well-defined and usable in economics, but the transfer of
this theory to sociology has not made the behavioral scientists able to solve theoretical issues in
behavioral and cognitive sciences, even made it vaguer.

Sociology has been far from the changes that experimental science has ever seen. Rosenblueth and
Wiener' argue that theorizing must be done by shrinking the image of a complex system by a simple
supposed system in order to offer a tangible and understandable reality as the beginning of an abstract
model of a complex system. That is, a model that mentally constructs a symbolic and logical
construction of a relatively simple fact that has the same components of the original real system. This
type of modeling and theorizing, like many of the old theories, is not a simple parable but is a
subjective reconstruction of an abstract and an abstracted reality that can be applied in expressing the
reality in accordance with the logical characters of the same reality.

Tabandeh Paradigm of Behavioral and Cognitive Sciences

In order to understand behavioral issues and to formulate theories of social organization, there needs a
solid, expedient, logical expandable and generalizable framework in order to illustrate social
phenomena, because any social organization is a complex, diverse, multiple and changing
phenomenon. Therefore, the underlying theoretical framework should have the capability to depict the
social elements from a tangible and sensible society with a set of systematic analytic tools in the form
of a model that lets the analysis of complex phenomena possible.

Constructing a theoretical model should be based on a postulate. Rocher'' emphasizes that the studied
reality must possess the characteristics of a system in order to make theorization based on it. He
understands this principle in the sense that the reality of the study consists of elements that
interconnect interdependent relationships and, on the other hand, the totality of the composed elements
cannot be reduced and the interdependence among the elements and the whole - from which it has
been obtained - work together in accordance with the rules that can be described by rational principles.
In this case, a theoretical model can be constructed based on this very postulate and its systematic
features.

Pareto's idea rose in sociology but showed its crystallization in economics. Pareto believed that in
order to bring the social sciences toward the level of natural science, complex tangible and sensible
complex phenomena should be transformed into a very simple theoretical phenomenon. Therefore, he
postulated the dynamic components of a social system.'? Of course, Pareto did not develop his opinion
in sociology so far, but Henderson" followed his proposition and also emphasized the systematic
analysis of society and applied a logical approach similar to that of physiology.

His Holiness Haj Dr. Noor Ali Tabandeh'* explains a theoretical foundation of physics for society, in
the article’” “The Law of Physical Reaction in Society” in 1965. This paper presents the principle and
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non-mathematical matching concepts of physics and sociology. It is raised: “Have you ever dropped a
tree branch with your hands?” Once you have left it, it will not only go back to its place, but also a bit
of it, it will go back after then, and this time it passes from the initial place; briefly after a few
oscillations go to the state of equilibrium. This rule in physics is called “reaction”'®. Well, physics has
discovered law and proved it, and uses it. Is the science of physics coming from the outside of the
earth for us to souvenir? Does it discuss paranormal realms? However, physics takes into account a
part of this world and focuses all of its attention there, and sees the manifestation of the world in that
corner and within the framework of its sight domain. But in my opinion, there is no law specific to a
particular science. The laws belong to the world and nature. However, each class of scientists
understands this law in their own particular mirrors and the scientific subject of their study, but the law
is universal. Is there no similarity between the rule of “stability of objects and materials” in chemistry
and the principle of “life-loving” in animals that proves that both rules are unique? Is not the law of
relativity known in physics and experienced by Einstein and the other scientists, acceptable in
psychology and philosophical sciences? Similarly, the “law of reaction” from the human mind also
affects the behavioral way of society and public opinion, and especially in what is called public
opinion that has a strange sensitivity in relation to this law and is always applicable under the terms of
this law; not only public opinion but also specific and scientific thoughts do the same as well....”

Given the theoretical and practical importance of the proposed paradigm, we tried to partially examine
the subject in a more detailed mathematical concept used in physics and mechanics. In this paper, our
goal is to reconcile the similarity of some of the rules of the mechanics to become a base for the
development of behavioral and cognitive sciences. Therefore, by developing the relations inspired by
mechanics and generalizing them to the humanities, we will try to generalize the fundamental
principles of the rules of the mechanics to the problems of social sciences and humanities. Perhaps at
first, it's unlikely that human being, like those discussed in the mechanics, are not such devices that the
physics’ findings could be generalized to them. Though it is true, it does not violate the inspiration of
the rules of physics and mechanics to be adapted for developing humanities.

The Overall Similarity between Physics and Behavioral Sciences

In physics, “mass” is referred to an existential, which has energy, and through its energy, or the energy
of other masses can exhibit behavior and interactions. The purpose of mechanics is, in principle, to
detect this behavior and interaction or movement of a mass/body that is caused by external energy or
by the own mass’s energy change. This is also the case in human being behavior. Man is a source of
energy, and when this potential energy comes into action, his behavior is manifested. In other words,
human behavior transforms his/her potential energy into motion (kinetic) energy, which transforms
his/her existing latent power into motion. However, this movement in human beings has higher
dimensions than the motion of a mass for a mechanical device.

At this point, if we assume that human behavior is a kind of motion, we should examine this motion in
its dimensions. The motion of a mechanical device in physics is investigated in the three coordinates
system of length (X), width (Y), and height (Z). If time (T) is considered a dimension, then the motion
of a device could be expressed in physics with the coordinates of the cited space. For example, moving
an object in a straight direction is in a one-dimensional space with only the length of motion (X).
When the object moves on the plane, it has two components of the length of motion (X) and the width
of motion (Y). And if the same object is moved in a three-dimensional space, it has motion
components along the X and Y and Z axes. If the time dimension (T) is also added, the object moves
with length (X) and width (Y) and height (Z) and time (T). So the space to be considered for moving
an object has a few specific components of location and time.

Now consider a human being behavior or movement. Man is an entity whose behavior is shaped in a
space that deals with many variables and in different dimensions/coordinates. For example, the
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movement or behavior of a person resulting from drinking tea is a function of the quantity and quality
of tea, sugar, milk, cup, kettle, teapot, table, time, companions and etc. and the sequence is continued
so that each of these dimensions can be linked to the other behavioral variables in the field of
economics, culture, society, geography, etc., as well as individual's mentality and feelings, which the
today's formal humanity still has gained a little knowledge of them.

To simplify the subject, assume that any measurable quantity or any convertible quality into size and
quantity can be used as a variable to define our coordinate system for the desired dimensions. This
attitude is now being used in many branches of the humanities, and the statistics in this regard has also
significantly helped in defining and measuring these variables. Moreover, mathematics also uses these
variables as well, and behavioral dimensions promote the analysis of mankind behavior in different
branches of humanities, such as economics, psychology, sociology, law, criminology, anthropology,
ethnology, demography, culture, environment, etc.

The framework used in all of these sciences is the summarized modeling of human being behavior in
the space of the desired variables in the study. This is similar to what a physicist does in studying
physical subjects. That is the study of the physical behavior of an object in the condition of the inertia
of external forces exerting the device, or being zero assumption of some other forces. So, up to this
stage, the similarity between pure natural sciences, such as physics, chemistry and biology, and even
mathematics is enormous with the humanities; though the fundamental difference exists in the
mathematical space of examining the variables and in the dimensions/coordinates used in natural
sciences and sciences of humanities.

Individual Behavior

Let’s return to the first paradigm of this paper that human being is a source of energy that can
transform his/her energy into different forms. For example, he decides to study or rest. Suppose our
mathematical space at this stage consists of just the “study” variable. In this case, his/her behavior
(studying) can be shown by a vector that its length represents the amount (for example number of
hours) of the individual's studying (supposing that the main framework of the study is defined for a
certain range of time, for example, one day and night). In line with the symbols of physics, it is shown
in Figure (1) below:

0 F, A (F, Vector)

Figure (1)

The length of this vector must be defined and measured by a specific unit. For example, “studying”
can be measured in terms of the number of hours of study, the number of studied pages, or alike. In
physics, this measurement takes place through a defined unit. This vector is expressed only along the
horizontal axis, and its longitudinal component is defined in terms of the units used for studying. If in
the above vector, we denote the distance between zero and A as X, the X variable for this individual
indicates the amount of the “behavior” regarding “study”. If we want to show the “studying” of two
persons, we will have the following two vectors shown in Figure (2):

0 F, A (Tﬁ Vector)

F B (F, Vector)

Figure (2)

These two vectors are still in the same direction, but their values are different.

Behavioral Space

Now let’s extend the dimensions (coordinates) of the variables and show the behavior of an individual
in a two-dimensional space of “studying” and “resting”. The vectors of the first person and the second
person behaviors can be displayed in the following coordinate system, each of which has two



components of “study” and “rest”.

Rest B

7.
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Figure (3)

In Figure (3), each of the vectors A and B with different slopes shows the values of the behavioral
forces of the first and second persons in relation to the components of “studying” and “resting” habits.
For ease of reference, we transfer the beginning of the two vectors A and B to the origin of the
coordinates so that we can easily show the components of “studying” and “resting” for both. This
transference is similarly used in the physical analysis as well. This state is shown in Figure (4):

Y
Rest
B
| £ I—
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(| N A— — A
F,
X, X X
Study
Figure (4)

In Figure (4), the values of X; and X, are the “studying” components, and Y, and Y, are “resting”
components for the first and second person respectively that each of which is measured by its own unit
(such as hours).

As mentioned before, each of the axes X and Y represents the longitudinal and latitudinal components
of the vectors, which show the amount of each of the two components on the related axis. In other
words, the behavioral space is an s-dimensional Euclidean space.

Behavioral Assumptions

Before we go into group behavior discussion, we need to consider whether behavior or traits, as well
as the sensual perceptions of individuals, are additive? In other words, consider a group of n
individuals, each of which carries the sense or trait, or the behavior of X;, i=1,...,n. The question is
whether the behavior or trait or sensory perception of the group (X,) is equal to the algebraic sum of
the behavior or trait senses of all the member (X, i=1,...,n) or not? Another property is whether the
attributes such as behavior, traits, or feelings are comparable? That is, when the two individuals 1 and j
have X; and Xj behaviors or the X; and X; traits or the X; and Xj sensory perceptions, are X; and X;
comparable to each other? Moreover is a behavior or a trait or a sense measurable? In response to
these questions, we consider the following distinction between sensory perception, trait, and behavior.

If an attribute (behavior, or trait or sense) is additive and comparable and measurable, then we can



write:

X;eR i=1,...,n

X, =>X )
i=l1

If:X,>X,, and:X,>X, then:X,>X, i jke{l,..n}

Sensory Perceptions

The sensory perceptions are more internal than personality traits, and the feeling is the internal
reception of a person from his/her outside environment. Sensory perception over the course of time is
one of the factors forms different traits in a person. Emotions are not quantifiable, and therefore are
not only unmeasurable but also as long as they are not manifested as a quantifiable deed in a person's
behavior, they are not comparable too. Therefore, “feeling” in this paper is defined only as of the
quality of the individual's inner character, which is created in an individual in the face of an external
agent. For example, like, love, pleasure, hatred, happiness, discomfort, depression, gladness, etc. all
fall into the sensory perceptions; and feelings receptions of the individual, which, until they do not
occur in an action, have none of the additivity, comparability, and measurability properties cited by (1)
. In other words:

X, ¢R i=1,..,n

X, 23X, @)

i=1

<
If:X,>X,, and:X,>X, then:X,=X, i, j.ke{l..n}
>

Traits

Personality traits in psychology and ethics are the persistent characteristics of a person that are
manifested most often when performing an act or behavior. Traits are not measurable, and therefore,
not only are not additive, but as long as they are not shown in a person's behavior, they are not
comparable too. Therefore, the trait in this paper is defined as the quality of an individual's inner
characters. For example, courage, foolishness, scattergoods, chastity, disobedience, delinquency,
aggression, pacifism, etc. all are of personal traits that like sensory perceptions do not satisfy the any
of the conditions mentioned in (1)."

Behavior

In psychology and other behavioral sciences, the behavior is said to be the response of an organism to
an external stimulus. In other words, the behavior is the reaction of a living being that runs against an
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external acting factor. Contrary to this definition, the term “behavior” in this paper stands for the
amount of what a person is doing. The internal or external initiations of the factor that initiates the
behavior are not intended to be the subject of this paper at this stage, and only the magnitude and
extent of the deed are considered regardless of its quality. However, since the value of the deed is
defined by a numerical quantity, therefore the definition of behavior has all of the three additivity,
comparability and measurability properties. In other words, all the conditions set forth by (1) are true
for “behavior”.

For example, studying, sleeping, spending time, talking, lending, laughing, crying, aggression,
molestation, running, sitting, working, buying, earning money, saving, consuming, etc. all are included
in the definition of “behavior”. In other words, all of the above mentioned are acts and not sensory
perceptions or traits.

Additionally, in order to shape the behavior, it is necessary to consider a time interval given by a
minimum in which the behavior can be formed in that time interval. Moreover, this interval should not
be taken so long that the qualities become effective in behavior.

The above properties can be summarized to distinguish behavior from sensory perception and traits as
follows:

1. Being quantifiable (cardinality)

2. Being measurable (measurability).

3. Being comparable in quantity (comparability).

4. The quantities of behaviors of different individuals in the same type of behavior are additive
(additivity).

The behaviors of different people in the study are of the same quality (constant quality).

The time interval to express the behavior must be sufficiently high that behavior can take shape
(presumed time).

oW

Group Behavior

Now we consider the two cited persons as a group. Sociologically, a “group” is a collection of people
who share some defined characteristics. In our example, the characters of “studying” and “resting” are
common to the first and the second persons. The resultant social behavior of the people of a society
that consists of two individuals is derived from the outcome of their behavioral forces. The same
approach in the mechanics is also obtained by the resulting vector of the sum of the forces. The
method of calculating the sum of the vectors in a geometric state is equal to the diagonal of the
parallelogram that the two vectors of A and B are its two sides. This is shown in Figure (5).

Y

Y; A

X, X, X3 X

Figure (5)



These rules are expressed in basic physics textbooks.' The sum of the two vectors of A and B is the
vector R, which contains the X3 component of “studying” and the Y5 component of “resting”. X5 and
Y3 express the resultant components of the formed group in relation to the two variables X and Y. In
Figure (5), the angle 6, is the angle of the vector A with the X-axis and the angle 0, is the angle of the

vector B with the X-axis. The difference 0,-0, is the angle between the two vectors of A and B of the
behaviors of our two-dimensional two-person group with the X-axis. In terms of the algebra, the sum
of the two vectors, or in other words, the result of the behavior of the group is calculated from the
following relations:

For vector E (alternative symbol for A):

X, =F cosf,
. 3)
Y, = F;sin6,
For vector 1’72 (alternative symbol for B):
iy
, =F,sin6,
For the vector R (the sum of the two vectors F and F,)
X, =X, +X,=Fcosb, +F,cosb, )
Y =Y +Y,=Fsing +F,sin0,
The length (R) of the vector R is obtained from the following equation:
R=\X +Y’ :\/(F1 cos &, + F, cosb,)’ +(F1 sin@, + F, sin8,)’ (6)

The angle of the vector R with the X-axis is also obtained from the inverse of the following relation:
Y Y +Y, Fsing+Fsing,
X, X, +X, FcosO +F,cosb,

tan6. =

(7

The length of R from the equation (6) represents the resultant behavior of the group in the study-rest
space, which in relation to the tendency to the two “study” and “rest” variables has the angle 0, in
relation (7). By (7), the angle 0, represents the “social norm” of the group. In the following sections,
we will discuss the social norm of a group or society in more details.

Group Alignment

Many sociological texts refer to the group's convergence and solidity,” but in a nutshell, what we
mean is expressible in this way that as long as the behaviors of the individuals of the group are in the
same direction, the differences of the angles of the vectors of the persons' behaviors decrease. When
the angle of the behavioral vector of each person is equal to the angle of the vector of the group, the
union will be maximized, and the amount of behavioral force of the group in the X-Y space is at its
maximum. To prove this, we extend the relation (6):

R= \/Flz cos’ @, + F, cos’ 0, + 2F F, cos 6, cos @, + F* sin” 6, + F, sin” 6, + 2F,F, sin 6, sin 6, (8)

After simplification we will have:

R=\[F} + F} +2F,F, cos(0, - 6,) ©)
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' Hechter, Michael. (1983). The Microfoundations of Macrosociology. Philadelphia: Temple University Press.



In this relation if 6, =6, , then cos(6, — 8,) will be equal to one and we will have:
R=F +F, (10)

That is, in the case when the angles of the two behavior vectors are equal, the length of the outcome
vector of the two behavior vectors is equal to the sum of the lengths of the two vectors of the first and
second persons. If 6, — 6, is an odd multiplication of 7 radian, then the length of the resultant vector

of the two vectors will be equal to:
R=F,-F, (11)

That will have the lowest amount in this case. The parameters 6, and 6,in the above relation have

significant implications. Thus, if we express the line 04 in F igure (5) algebraically, its equation will
be as follows:

Y =tg6, - X (12)

Also for the OB line:
Y=1g0,-X (13)

In other words, 7g6, and tg6, are the slopes of the two vectors, indicating the behavior of the first and

second persons in relation to the two variables of X and Y. We use this explanation to make it clear
that the difference of behavior for the first and second persons in the space X and Y, which are

represented as F, and F, vectors, is due to the angles of the two vectors with the horizontal axis and
the length of each of the two vectors. Therefore, 6, and 6, describe the type of behaviors, and F| and
F, show the size of the behaviors. So the term 6, — 6, represents the difference of opinions or taste

difference or life method difference between the two persons in relation to the variables X and Y. If
6, — 0, is equal to zero, both individuals act in X and Y in the same way (not in the amount of action).

Therefore, the behavioral alignment of the two individuals can be expressed by ¢,, as:
@, =cos(6, —0,) (14)

where —1<¢,, <1. The scalar ¢, shows the behavioral effects of the first and second persons in the
X-Y behavioral space. If 6 -6, =0, then ¢,, =1, in other words, there is no difference between the
two persons and the outcome of the behavior of the two persons will be the sum of the lengths of the
vectors of both persons (F, + F,) . If -6, =7, then the behavioral difference of the two persons is

at its maximum and the outcome of the two is at least as (F, - F,). For 6, -6, = % we have ¢, =0.

In other words, the resultant behavior of the two individuals in the group will be at the following
intervals:

F—F,<R<F+F, (15)

The left and right sides of the above inequality are equal to the result of strong behavioral alignment
(full coherence) and extreme disparity (full incoherence) of the two persons, respectively.

The Synergy of Unity in Group

It has always been seen that the empathy and solidarity of individuals in a group lead the resultant
work of that group to more than the total work of each individual. And the opposite is also true. This
phenomenon in physics is called synergy. As shown in Figure (5), the vector R is the resultant or total
behavior vector of the two persons in X-Y space. The X and Y components of the vector R are
derived from the sum of the two components of the two vectors F, and F, shown by (5). The
resulting vector of the forces has the value of R, when 6, =6, , R is maximum and is equal to the sum

10



of the lengths of the two vectors fl and FZ (that is /| and F,) shown by the equation (10). By

examining the second term under the radical of (9) and using the inner product of the two vectors, we
can examine the synergy effect of the forces created by the realization of unity in society. In the inner

product of the two vectors of F, and F, when the angle between them is 6, — 6, we have:
F-F = FF;cos(6,-6,) = FFp, (16)

We define o as synergy due to the behavioral unity of the person one with the person two:

w, = K, (17)

This relation is the definition of the inner product of two vectors. The concept of this term denotes the
mutual force of F, vector on F, vector, which is modulated by the amount of the coefficient of
alignment ¢, . And as stated above, if the behavioral alignment of the two individuals in the group (in
the example of the two-person group) is fully aligned (¢,, =1) or fully diversified ((012 =—1) , the

synergy level of the full unity and full disagreement will be equal or equal to FF, and —FF,
respectively.

Generalization to Society

Now assume that the group consists of n individuals, and each one of them has a Fl behavioral vector
that contains the components X; and Y; in the two directions of the X and Y axes. In other words:

X, =F, cosl.
) (18)
Y= Fsing
We can write for the vector R :
X, =ZX,. =ZE cosd,
i=1 i=1 (19)

Y= =3 Fsing
i=1 i=1

The length or value (R) of the vector R, is derived from the following equation:

[0 {57 [ o]

i=1 i=1

If we expand the above relation, then we will have:

R= ZF,.2+2_Z F.F,cos(6, - 6,) 21
- E’zn 1

The angle of the vector R with the X-axis will also be obtained from the inverse of the following
relation:

L, X% YEsing

tan@ =—- =L =L1 (22)

X, ZXi Zn:Fi cos6,

i=1 i=1

If -6,=0 for j<i and i,j=1,...,n (perfect alignment), then by using (21) it can be easily shown

11



that:

R=YF, (23)

i=1

Similar to (14) we define:

@, =cos(6, - 0,) (24)
where —1< ¢, <1. It can also be shown that the behavior of an n-person group locates in the following
interval:

F-F—.—-F<R<F+F+..+F, (25)

The synergy of unity in a society with n individuals can easily be obtained from a generalization of
(16) and (17):

F - F, = FF;cos(6,-0,) = I Fg, (26)
and also
o; = F.Fp, (27)

Which in this relation @, determines the synergy created by the unity or disagreement between the two
individuals of i and j respecting the value and sign of @, . The effect of unity in the society (w) is

obtained from the following relation for an n-person society:

=3 a’sz_z FF9, (28)

As shown by (25), the value of ® can cause the outcome of the behavioral force of the society to be
inside the maximum and minimum limits, respectively within limits defined by (25).

Generalization of Behavioral Space

All of the topics mentioned before were explained for the two-dimensional behavioral space, and for
ease, only the two components of X and Y were considered. The generalization of this issue can take
place in an s-dimensional behavioral space that theoretically and mathematically is in the right
direction of the subject. This generalization is much broader than the one is used in physics and
engineering. For example, the raised issues in motivations and emotions®™ in psychology about
psychological needs and the related variables in the field can be described and analyzed as behavioral
variables with many dimensions through the framework of the topics discussed here.

Now assume that the group consists of n individuals and each person has a Fl behavioral vector with

the components of X;;,Xy;,...,X, in s directions (coordinates) of X;,X,...,X; axes. We use vector
algebra to generalize the model.”' Consider the following unit vectors:

i1 =(1,0,0,...,0), i»=(0,1,0,...,0), i:=(0,0,1,...,0),..., i,=(0,0,0,...,1) (29)

The behavior vectors in the s-dimension space are defined as follows:

X=X, i+ Xyints e X iy i=l..,n (30)

In other words:

? Reeve Johnmarshall (2018) Understanding Motivation and Emotion, 7" Ed. Wiley.
2! O*Neil, Peter. V. (1987) Advanced Engineering Mathematics, Wadsworth Publishing Company, California, USA.
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X, =X, (1,0,..,0)+ X,,(0,1,...,0+,.... X, (0,0,...,1) = (X,,,0,....0) + (0, X ,....0)+,....(0,0,.... X))

i=1,..,n

€2))

The above expressions represent n vectors in the s-dimensional behavioral space. The resultant of the
two vectors of i and j will be equal to:

X+ X=X, + X )i+ (X, + X))ot (X + X )i 32)

The dot multiplication of the two vectors of i and j will be equal to:

X X=X, X, )+ (X X )+ HX, - X)) (33)

The angle between the two vectors i and j will be equal to:

X['X/

0.)= 2L A
0D Tx x|

(34

The length or value of the vector i is obtained by the following equation:

Il 2% 39

Also, based on the Cauchy-Schwartz inequality, we can write:
Xl = xix; < [x x| (36)

Using the above definitions, all the topics mentioned before and after can be expressed for the s-
dimensions behavior space for an n-individual society.

Social Norm

The social norm is the dominant behavior of the society that the majority of people in society accepts
and acts upon it. Norms, in essence, define the community's normative framework of behavior. In the
recent relationships, as ¢, — 6, was the difference in the treatment of the two individuals i and j within

the framework of the behavioral coordinate system, in the same way, 6, — @ distinguishes the person's
behavior from the social norm of &€ . The range of angles can be theoretically zero to 2m radians,
therefore: —27 <6 —6 <2z . The wider the angle 6, — 6 is the difference between a person's behavior
from the social norm will be broader. The positive or negative signs of 6 —6, indicate higher and

lower performances than the social norm. Opposite terms such as hard-working and inaction,
philanthropy and delinquency, well-behaving and mistreatment, and many similar cases, fall into these
definitions that all are included in the context of behavioral space. Similar to the definition of (24), we
can write:

@, =cos(d,—6.) (37)

The scalar ¢, is an indicator that measures the differentiation of a person's behavior from the social
norm where —1<¢, <1. The expression 6 —6 denotes the angle difference of the individual's
behavior from the social norm. We can write ¢, in terms of the components of the two vectors i and r
as follows:

tg@[ | , COSQ[ = = i S sin@ = L = : (38)

el
%
+
5,
<_
<
+
R
$
+
5,
< _
<
+
=,
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@, =cos(6, — 60, )=cosb,cosb. +sinb,sin6, =

i . i=1 + i . i=l1 — (39)

The above formula has been written for the first quadrant and can be easily derived for the other
quadrants as well. In the s-dimension case, corresponding to the relationships (29) to (36) ¢, will be
equal to:

Xi'Xr _ Xi. [:IXi

, =cos(6,-0,)=cos(,) = -
O e 7 [ o

(40)

To find the social norm, we use a similar definition of “center of mass” that is used in physics. In
physics, the “center of mass” of a device of particles is defined as a point that is assumed that the
whole mass of the device is concentrated at that point and when it moves then the whole device is
moved totally, and all external forces enter that point. The coordinates of the “center of mass” are
obtained from the following formulas for the two dimensions case:
— 1 n
Xr=——> mX,

Z m, i=1

oL (41)
Ye=o—3 mY,

i=1
Zmz‘

i=1

where m, denotes the mass of the particle i, and X; and Y; are the coordinates of the length and width

of the place of the particle i. In the following sections, we will refer to the concept of “intrinsic
quantity” for human being behavior in relation to “essence” of a person, but at this stage assume that
m, is a weight that expresses the “essential” effects of the difference in the person's behavior. In the

most straightforward case, suppose:

m =m i=1..,n (42)
By replacing (42) in (41) the simple mean formula will be obtained:

¥ =1yx =X

e (43)
E:lez?

nis

In other words, the social norm is a vector whose longitudinal and transverse components are average
values of X and Y . By using (19), we can write:
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: (44)

So the social norm vector has components of X, and Y, and behavioral angle 6, . In other words, an
abnormality of the i" individual of the society possesses 6, — 6 inconsistency and is equal to the

difference between the two vectors of F; and R. That is, if D, denotes the deviation from the social
norm for the i person, then its value will be equal to:

D:=Fi-R (45)

where F; is the behavioral vector of the i person and R is the vector of the social norm. In other
words, the length of deviation from the norm is equal to:

D,=F-R (46)

=X - X (47)

Where x; and y,are deviations from the norm of society (41) for the i'" person in the direction of the
X-axis and Y-axis, respectively. From the characteristics of behavior, we can point out that the sum of
the weighted deviations (regarding the weights of m, ) in the society is equal to zero. This issue is
raised in the mechanics under the title of equilibrium condition. If we multiply both sides of (47) by
m, and sum for n and by using (41) we will have:

n
n n Zml n
_ i=1 _ 0
mixi= 2 mXi—— — 2 mX:=
i=1 i=1 i=1
mi

= (48)

n

mi;

n n n
— i=1 —
Yomy, = mYi—E—3 my:=0
i=1 i=1 i=1
mi

i=1

In other words, at the social norm, the sum of the deviations of all behavioral forces of the society
from the social norm in the specified system is equal to zero.

To illustrate the comprehensive state of the social norm so that the “intrinsic quantities” of the
individuals are involved in the calculation of the norm, we use the following relationship, which,
instead of the simple social norm vector, the social norm weighted by the “intrinsic quantities” of the
individuals was used:

R S , Sy

) _ i . n i .
X.2 Y2 n 2 n 2 X.z Yz n 2 n 2
T ] ] T [
i=1 i=1 i=l i=1

The quantity ¢, similar to ¢, is a quantity that measures the individual's behavioral difference in the
case of the weighted social norm of the society (weighted by the “intrinsic quantity” of individuals).

(49)

O = COS(HI. _07
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The recent relationship can be simplified as follows:

X, X +Y Y — _
L;ml 1 I;ml 1 XIX +Y}/r
P = = (50)

e[S (]| T I

In the s-dimensions case, corresponding to the definitions (29) to (36) ¢, will be equal to:

P = Xl m Xf
Xl Xr Zz =1 (51)

] [z mx)

Pr = COS(Q. - 97) = COS(@,7) =

Change of Person’s Behavior

One of the questions in the behavioral and cognitive sciences® is how to express a person’s behavioral
change in his/her behavioral space.”> Using the theoretical framework developed in this paper, let's
take a look at this subject. Consider Figure (6) that a person is at point A in the behavioral coordinate

system with X, ; and Y, values of each of the components and s/he has the vector f?': of behavioral
forces. Now, for any reason, s/he is confronted with a new behavioral force, which, in addition to K
s/he is receiving a new force of E .1 - This new force changes her/his behavior vector to be moved to
the point B. His behavioral resultant will be E that is obtained from the diagonal of the parallelogram

built of the two vectors Fn and F,,, asits sides.

Y

Yi,t+1

Y,
H N
0 Xl,t Xl,tﬂ
Figure (6)

Thus, for the i person, we have:
Xi,f = E,t cos gi,t (52)
K,t = F;,f Sln ef,t
X: t+1 1 t+1 COSHL t+1 (53)
YL t+1 L t+1 snle: t+1

His/her resultant behavioral vector is derived from the following relations:

22 Bidabad, Bijan, Faranak Bidabad, Sufi Foundations of Psychology in Islam, Mystical Psychology and Social Functioning
of Sufism, a theosophy approach. 2017. https://www.bidabad.ir/doc/psychology-sufism-fa.pdf
2 Hechter, Michael. (1983). The Microfoundations of Macrosociology. Philadelphia: Temple University Press.
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54
K,-Y"Fxtﬂ 4
And also, the angle of the new behavior vector will be:
¢ H }]l t + }/I t+1 (55)
o= TX, + X,

it+1

The remaining inferences can be obtained as the relations in (3) to (7). The topic of changing a
person’s behavior is beneficial when a person moves from one group to another and, for example,
migrates from one country to another. Because the ethnic and national norms and cultures are different
in different countries, and one has to displace the old norms and get dressed in the new norms. This
topic is in the context of the cultural adaptation in the study of the ethnology of immigrants. The way
of norm-changing in a person by his/her entrance into a new society can well be explained from the
relationships described above and the subsequent discussions regarding the change in behavior in
society. The speed of accepting this change or the process of adaptation of a person to a new culture is
also an essential issue in this connection that we will consider it in forthcoming sections.

Change of Behavior in Society

The generalization of the subjects of behavioral change of an individual to society can be made within
the framework provided by the group behavior vectors. For this, we use the previous discussion in
connection with the topic of generalization to the group of n individuals, which was shown by
equations (18) to (28). The equations (19) and (20) represent the behavioral vector of the society in a

two-dimensional behavioral space (X,Y). If we consider the vector E as similar as depicted in Figure
(6) for the state of the society at the time t, then we will have:

n n
X, =YX, = 3 F, cosd,
i=1 i=1

n n (56)
= ZK[ = ZE[ sin gi,t
i=1 i=1
Also, the behavioral force exerted on the society at the time t+1 has the following components:
Xr,t+l Z it+1 Z it+1 COS it+1
:l n " (57)
Yr,t+1 = Yi,t+1 = L t+1 Sll’l HL 1+1
i=1 i=1
The resultant change in behavior in society is obtained from the following relationships:
X = X + Xr t+1
’ (58)

Y=Y, +7

rt+l1

where the index r is considered for the society, and X, and Y, are the components of the society vector
R in the final state, after applying the change of the vector R, onto Iz . The angle of the behavior in
the new situation will be derived from:

Y Y + Yr t+1
S s &

rt+l

The other inferences will be similar to (3) to (7).

17



Social Norm Change in society

The society vector R, which was represented by the components (58) and angle (59) can be used to
measure the social norm change of society. This can be done by using relation (41), and in relations

(58) and (59), instead of X and Y, the values of norms of X and Y are to be used. In this case, the
recent relationship will be redefined as follows:

_ _ Zn:miXi

X=X+ Xrsn =i=ln—

>
i=1

) (60)
Sy
?r Z?r,t +?r,t+l =l+:1—
mi
i=1
— - = mY,
A Yr Yrt Yr + Z o
A S = 61)

.Xr_/‘krt‘f‘)(rtﬂ i“
’ ’ m)f
i“ti

i=1

The m, quantity, as will be explained later, is the “intrinsic quantity” of a person that is used in the
same way as “mass” in physical science.

The Velocity of Change in Behavior of an Individual

A lot of factors would change the person's behavior that we do not address them here, and we just
assume that a factor has changed the person's behavior. For example, an educational or punishing or
correctional factor or different disasters and misachievements can change the person's behavior in
his/her behavioral coordinate system, which changes his/her behavioral vector to the amount of Fuo.
Now we want to know how fast this process of change will occur in his/her behavior. In other words,
we want to know, for example, how fast the educational factor, punishment or correctional, etc., will
change the person's behavior over time. Here we use some similar mechanical rules. As can be seen
from Figure (6):

F,,=F~F, (62)
Or in other words:
Ajéi,tﬂ = ﬁi,tﬂ - jéi,t (63)
And
{AXi,t+l = Xi,t+1 - Xi,t (64)
A it+1 = Yi,Hl _Yi,t
2 2
Ri,t+1 = \/(Xi,t+1 - Xi,t) + (K’,Hl - Yi,t )
i+l Yi,t (65)
0.0 =it

it+1

The vector R.

1,0+1

with the angle @, is the slope of the vector of change in behavior. To get the average

S+l

velocity of change in the behavior, as in mechanics, we use the ratio of the change to the time interval.
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That is if we consider V. as the average velocity of change; then we will have:

= AE _ Ri,t+1 - Ri,t

avg = = 66
Y At (66)

where t stands for time. In other words, the components of the average velocity of change are derived
from the components of behavioral space variables from the following expressions:

Xit+l_Xit
V, (X) ="ttt

avg
At (67)
v (Y) _ Yi,t+1 - Yi,t
8 At
Which, V, (X) and V, (Y) are the average velocities of change of each of the behavioral

components respectively. Relationships (65) can be used to obtain the magnitude and angle of the
velocity vector. Given that the velocity of change of behavior has both magnitude and direction, then it
is a vector and the vector algebra can be applied to it.

Instantaneous Velocity (Acceleration) of Change in Individual's Behavior

If the behavior change in a person related to one of the components is a discrete function of the time,
the relations (67) can be used as in the same way before. If based on a behavioral pattern or on a time
series estimate of the behavior of a person was a continuous function of time for a component, then we
can generalize the concepts of instantaneous velocity as it is discussed in mechanics to our subject,
that is,

, _dX

it
dt 68)
dy

V,="—
dt

That V', and V, are instantaneous velocities (acceleration) of change in the components of X and Y,
when the time-changes of the components tends to zero (At - 0) , in this case, we use the differential
symbol “d” instead. This generalization introduces the subject of acceleration of change. In the sense

that the velocity of change during A¢ is changed from V\ to V.. The ratio of velocity to the time
domain is called acceleration. In other words, the average acceleration of y,, is obtained from the

following relationship:

- V-V AV
= =— 69
If At tends to zero, then the instantaneous acceleration (77) will be equal to:
- dv
=— 70
7= (70)
In other words, we can define acceleration for each of the components as follows:
yo- v, d’X
X =5, = 2
dt dt 1)
_dY, dY
" T ar

That y, and y, are the accelerations of change associated with two behavioral variables X and Y. The
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magnitude and the angle of the acceleration vector in the X-Y coordinate system can be calculated
from the following relations:

Y=y 7y

1g0, = Iy

Vx

(72)

In the above relations, y is the length of the vector of acceleration of change in behavior system and
0, is its angle with the X-axis.

Behavior Change Path

In Figure (6), the vector F., shows the initial behavioral force of a person. Another force of Fira is
imposed on the person's behavior, which leads to a new F; behavioral outcome. The vector that
connects A to B (in Figure (6)) leads to a change in the behavior and forms F and transforms OA

into OB. The speed and acceleration of behavior change in a person can be calculated from the
previous relations. If we want to know how to get from point A to point B, what combination of X and
Y a person will take, we reach the subject of the behavior trajectory. This is an important aspect of the
person's behavioral movement in terms of education and training issues because the goal of education
is to put the person in a state of change in his/her behavior, to move him/her from the present status to
the desired state in the shortest possible trajectory. On the other hand, this kind of analysis can be
generalized in the field of bad-education that leads to the loss of behavioral quality, in other words,
social ill-treatment behavior and even delinquency, in this case, any one or some or all of the
directions of the vectors in Figure (6) can be negative and in other words, the vectors in Figure (6)

were placed in the second to fourth quarters of the coordinate system, and the direction of AB were
either opposite or inline to one or both of the X and Y axes. If the velocity of change is constant, that
is, changes are occurred with a constant velocity, by using the relation (68) and taking the integral, one
can obtain the path function as a function of time. In other words:

jdX:Vdet:X=XO+VXt (73)
de:Vdet:>Y=YO+VYt

where X, and Y, are the constants of the integrals and are equal to the initial distance in each of the
components X and Y. Equations (73) show the path of each of the components in terms of the time

variable that t is the time and V, and V, are the same values of V, (X) and V, (Y), that is, the
mean velocity of each of the components X and Y. If the acceleration of change is constant, that is, the
velocity of change is changed along with its path, the similar operations given by (73) can be made on

(71). That is:

[[?x =y, dtfdt= x =X, +V0Xt+%;/xt2
(74)
”dZY:yyjdtJ'dt: Y=Y, ~|—V0Yt+%}/yt2

And X, and Y| as before are the initial distance traveled on each of the components and V', and V,

are the initial velocities in the two components X and Y. And if all four cited variables are equal to
zero, then the equations (74) will become:

1
X==y,t
2 (75)
1,
Y= E}/Yt
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The acceleration of change in each component of X and Y can be positive or negative, and in terms of
the issues discussed; they are considered to be in the sense of good-education and ill-education.
Geometrically, the functions of (75) indicating the path of change as a function of time and each of the
behavioral components (X and Y) can be presented as upward (positive acceleration) or downward
(negative acceleration) segments of parabolas. Figure (7) plots them for the positive times:

X,Y
N

Positive Acceleration

Negative Acceleration

Figure (7)

The above framework can be generalized to variable acceleration in different ways, which we do not
address them here, and should be used in practical social issues problems when behavioral theorization
needs it. The extent of the described change path of the two components can also be obtained in terms
of each other. In other words, in (75), by replacing t, it can be written:

y=2rx (76)
Vx

where Y is a linear relationship of X with the slope of the accelerations of the ratio of components X
and Y. And given that this ratio can be positive or negative, it can be represented in every four
quarters as a line that passes from the origin of the coordinates. If in one of the components, the
acceleration is zero, that is the change velocity for that component is zero, and in the other, the change
acceleration is not zero, using (74) as an example it can be written:

X=X,+V,,t
1 77)
Y=Y0+V0Yt+5)/},t2 (

which y, =0 is assumed in this case. We obtain the value of t from the first equation of (77) and put
it in the second equation of (77). We will have:

Y:YO+%.(X—XO)+?/—Y(X—XO)2 (78)

2
0X 2 0X

For ease, assume that X, =¥, =0, then the equation (78) will be equal to:

v,
Y= x Ty (79)
Vox 2Wox

The above equation shows a path to change the behavior between the two components of X and Y.
According to the acceleration y, sign, the path can show a downward or upward trend of Y relative to

X. That is, by the positive and negative y,, the increasing or decreasing effects of education can be
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shown in Figure (6) on the trajectory from point A to B.

Changeover Duration

If the velocity of change is known through (66) and (67), or have been estimated from statistical
samples in similar societies, the changeover time will be computable. In other words, using (66) we
can write:

AR jé + _R‘t
At=——=—— (80)
I/avg I/avg

In other words, we can get A¢ from any of the following relationships:
_ X[,t+l _Xi,l
Ve (X)
Y Y

il Liyg

Ve (¥)

(81)

This is in accordance with the person's behavior with the characteristics of the individual or society.
Because behavior change is a gradual process, and the above equations express the changeover
duration in the behavior. In the case where the behavior change velocity is not constant, the
changeover time can also be obtained by solving any of the equations (74) for t. In other words:

_ Fox E Ve =27, (X, - X)
Vx

t:_V()yi\/V()zy_27Y(Y()_Y)
Yy

(82)

Individual’s “Intrinsic Quantity”

“Operationalization” is defined as a process of defining a measurement system for a phenomenon that
is observable but not directly measurable. Therefore, a fuzzy concept is defined to make the
phenomena empirically distinguishable, measurable, and understandable.” This concept was first
formally introduced in the second decade of the last century” for physical science but spread to
humanities and social sciences, especially in psychology, sociology, criminology, and life sciences.

Before entering the topic of individual and environmental resistances against the behavioral change of
a person by using operationalization concept we try to adapt the subject of “mass” in physical science
to the topics discussed in the behavioral space. In physics, “mass” is the intrinsic characteristic of the
object, which is inherent in the object and is always with it. “Mass” in physical science is not
definable, and it is examined by its effects.*® The only definition of “mass” is: “mass is the property
that relates the force of a body to the acceleration that the object takes”.”” There is no more exact
definition of mass than this.”® This is expressed by using Newton's law as “the net force exerting on an
object is equal to the product of the mass of the object by its acceleration”. In other words:

2 Wright, R. (2007). Statistical structures underlying quantum mechanics and social science. International Journal of
Theoretical Physics, 46(8), 2026-2045.

25 Campbell, N. R. (1920) Physics: The elements, Cambridge.

%6 Hecht, Eugene (2006) There Is No Really Good Definition of Mass, The Physics Teacher 44, 40 (2006);
https://doi.org/10.1119/1.2150758

7 “Mass is both a property of a physical body and a measure of its resistance to acceleration (a change in its state of motion)
when a net force is applied”. http://dictionary.reference.com/browse/mass

%8 In physical science, the aspects of mass are conceptually distinguished, but all of them refer to mass as proportional, and
the abstract concept of mass. The ways that mass can be defined are as: inertial mass, active and passive gravitational mass,
energy mass (mass—energy equivalence), curvature of space-time, quantum mass.

Rindler, W. (2006) Relativity: Special, General, and Cosmological. Oxford University Press. pp. 16-18.
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Fnet = WI; (83)

where F.. is the net force vector resulting from acceleration y on the “mass” of m, which is the

vector summation of all the forces to the “mass”. The components of Fae will be equal to:

Ewt,X =m '7//\’

(84)
F;wt,Y =m: 7/ Y
It is clear that the acceleration component along a given axis is only due to the sum of the components
of the forces along the same axis and not the components of forces along the other axes.

Now let's have a look at the adapted concept of “mass” in behavioral space. As the cases in physics,
we use the term “essence” or “intrinsic quantity” for a person in behavioral spaces instead of the term
“mass” in physical science. As similar as we introduced the term “mass” in physics, “essence” of an
individual is defined as: “the attributes that characterize the force that change the person's behavior in
relation to his/her change acceleration (or rate of velocity change)”. Similar to Newton's second law, it
can be stated that “the net behavioral force exerted on an individual is equal to the product of the

individual's “intrinsic quantity” by his/her acceleration change (or the rate of velocity change in his/her

behavior). With the same signs used in (83) and (84), F i is the same net imposed behavioral force to
a person that is obtained from the product of his/her “intrinsic quantity” (m) by his/her acceleration of

change (or time rate of change of velocity) (;7) Also, in terms of its components, along with the two

behaviors (X and Y) with change acceleration components of y, and y, in the directions of the
and F,

net,Y

horizontal and vertical axis (X and Y) have F components. In relationships (83) and

net, X
(84), the vector 77 is defined by the components y, and y, for two dimensions, which represent the
change acceleration (or rate of velocity change) vector of the person in the two distinct behaviors X

and Y. We can use the same relationships of (83) and (84), if we adapt the physical concepts of gravity
toward the physical objects into our behavioral space. In other words, we write:

F,=m-g (85)

where Fg is the same F

wer.y » and m is mass, and g is the same y, . In physics, F, is defined by the
vertical axis and is referred to as “weight”. In other words, the weight (w) of an object is equal to the

magnitude of the gravitational force F, that is exerted on the object:
w=m-g (86)

When the body is on a surface, the amount of force which the object reaches from the surface is
obtained from (86).

Resistance against Person's Behavior Change

The topics that have been mentioned so far in relation to behavior change were in the absence of
individual or environmental resistance. But when s/he or the environment around her/him resists
against the behavioral change, it actually causes the velocity of change to be reduced regarding the
individual or environment resistance. For expressing this topic mathematically, we adapt a similar
discussion about “friction force” in physics when moving a particle. This topic can also be extended in
a way that the environment has a positive encouraging effect on behavioral changes as well.

Personal Resistance (Self-Resistance)

Personal resistance against change is an intrinsic character of every person. In other words, it is the
individual habit. Environmental resistance includes the forced that society exerts on his/her and
disturbs his/her behavior change. Environmental resistance in society includes a wide range of
subjects. For example, social customs, the system of social valuation, taboos, the judicial system, the
sacraments of the society, and many others can give rise to resistance against individual behavioral

23



change that does not allow anyone to change his/her behavior simply. The same is true in physical
sciences by the name of “friction”, which actually causes a deterrent to prevent the movement of
objects and their position change. In sociological and psychological subjects, many of the above items
also have a similar implication that as a preventive force do not allow a society or an individual to
change her custom or habit easily, and if the force for change is more than the deterrent force, it
actually causes to slow down the velocity of change. Also, in physics, friction force does not allow the
motion of the object from its resting state. When another force more than friction forces exerts on the
body, then the motion of the object begins. This similarity in psychology and sociology is considered
for the change in the behavior of a person. In fact, if a force results in a greater change than friction
force, or, in other words, greater than the personal or environmental forces, then the process of
individual change or social transformation begins.

In mechanics, there are three major characteristics of friction.”’ First, the static force of friction Fs
that causes the body to remain motionless against the force of motion F . The following Figure (8)
shows that the mass of the object causes two forces of the surface (ground) to the body (E) and the
force of the object toward the surface (I?N ), which are equal in amount but in the opposite directions.

In this case, with equal force of friction f’; and the F force, the object is not actually moved.

Fy

F.

Figure (8)
The second characteristic is that the static friction magnitude has a maximum value, which is equal to:
Fjv,max = /usEz (87)

where . is the coefficient of static friction, and F), is the magnitude of the imposed vertical force to

the body from the surface. If the magnitude of the horizontal component F which is parallel to the
surface becomes larger that F, then the object begins to move.

,max

The third characteristic is that when the body begins to move, the magnitude of the friction force
decreases rapidly to the amount of F, , where:

F, = F, (88)

where g, is the coefficient of kinetic friction. The 77; is the force of kinetic friction that is opposed to
change or movement. Static and kinetic frictions coefficients (2, and g, ) are dimensionless.

Now let’s adapt the friction topic to our behavioral spaces. As the frictional properties were
mentioned, there is no change in behavior when static friction exists. In this case, the person in the
interaction of the resulting forces is in such a way that his static friction, or, in other words, his
behavior force is more than his/her internal or external motives for change. The person's behavioral
force, like equation (87) has a maximum amount. If the magnitude of the exerted behavioral force on

% See: David Halliday, Robert Resnick, Jearl Walker (2013) Fundamentals of Physics, 10™ Edition, Wiley.
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the person is greater than his/her static friction magnitude ( £, . ), then change in behavior begins for

,max

the individual. When the change process begins, the magnitude of the friction force decreases rapidly
to the F, value indicated by the equation (88). This suggests that the first stage of behavior change is

awkward for a person whose static behavioral friction force (87) is maximally, but with the onset of
behavior change, the static friction force is reduced to him, and the person can follow the path of
change more comfortably (i.e., with less resistance). This reflects the resistance to behavior change.
That is, the static friction that a person inherently has, or the forces that social environment exerts on
him and are encountered as static friction, prevents him from changing his behavior. Given that these
forces are all vectors of the types of the mentioned vectors in the preceding discussions in the
behavioral coordinates system, they all have directions and magnitudes, and vector algebra is applied
to them.

We examine this subject of personal and social resistances of an individual against changing behavior
in two parts of: “self-resistance” and “social resistance”. Both types of these resistances are of
frictional types. In self-resistance, the same considerations of Figure (8) and equations (87) and (88)
are noteworthy that the cited equations indicate frictions arising from the “own” nature of the
individual, which is opposed to the change direction and prevents the person's behavioral change.

Habit

The topics discussed in relation to individual resistance (self-resistance) can be extended to the subject
of “habit”, that is, the repetition of the past behavior. When a person's behavior is repeatedly repeated,
causes his/her habit becomes more and stronger in the same behavior. When the habit is strengthened,
in the context of the material mentioned above, the maximum amount of static friction F _ in the

behavior is increased in relation (87). This is due to the fact that the static friction coefficient x had
to be increased to increase F, . in (87). Therefore, in order to express the effect of habit on the

resistance level of a person against change, the static friction coefficient x4 can be defined as a
function of repetition as the following relation:

H = g, (t) (89)

In the above relation, t is denoted for “time”, which stands for repetition of the behavior. The
remaining items are expressible as same as the descriptions about the relation (87), and instead of

the function g (¢) is used as the static friction coefficient.

Environment Resistance (Social Resistance)

For the context of the resistance of the environment, in other words, the resistive effect of the society
in changing the individual’s behavior (social resistance) we use the topic of motion in the fluid. Fluid
in physics means a substance that resists resilience. Fluid in physics is generally liquid or gas. When a

body moves in a fluid, a tensile force D is exerted on the body that is opposed to the movement of the
object and is in the direction in which the flux is flowing towards the object. For example, throwing a
ball causes the air to flutter behind it and to create twists that this air flow in the back of the ball

reduces the ball speed in the air. The magnitude of this tensile force D, which reduces the ball from
moving in the air, is obtained from the following relation:

D = ~CpAV? (90)

Where C is the tensile coefficient that depends on the relative velocity V, and p is the density (mass to
volume) of the air (fluid), and A is the effective cross-sectional area of the object (cross-sectional area
perpendicular to the velocity vector 17). D is a dimensionless empirical quantity called the “drag
coefficient”. To increase the ball speed in our example, D should be as small as possible. The vector
D direction is opposite to the motion direction. This issue is clearly applicable to behavioral space.

When a person begins to change his/her behavior, the fluid in the surrounding environment, which is
his/her society, creates a resistive force opposite to his motion (change), the magnitude of this force
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(D) is proportional to the coefficient (C) of behavioral structure of the society and proportional to
relative velocity of change (V) in the person. The density of the fluid in physics is obtained from the
ratio of mass to volume. This quantity is also applicable to the society that we will cover it. The
effective cross-sectional quantity (A) also illustrates how an individual interacts with the environment
of the society in the process of change. When the body moves in the liquid, the fluid does not allow
the speed of the object to raise more than a limit. This speed in physics is referred to as “terminal
speed”. That is, as the velocity increases, the magnitude of the tensile force increases so that the speed
of the object becomes constant. “Terminal speed” is the extreme speed that can be considered for
changing behavior in relation to the social environment.

Two types of individual and environmental resistance in the change of behavior are two vectors
opposite to the velocity change in individual and with negative signs that are easily utilized by the use
of vector algebra, such as those used in physics, that can be used in terms of behavioral change that we

explained in previous sections before. Therefore, we can use the vector —F, for the individual (or self)
resistance and —D vector for environmental (or social) resistance in the relationships cited before and
the velocity of change by considering these two resistive forces. On the other hand, the two forces can

be summed together and show the simultaneous resistive effects of both individual and environmental
resistances on individual change.

The Density of Social Environment

The density in physics is defined as the ratio of mass to volume. We use a similar definition here in the
behavioral space for society. As it was mentioned, “mass” (essence) or “intrinsic quantity” is a
characteristic that relates the person's behavior force to the person's acceleration (or velocity of
change). That is, from the relation (83) for any person i we have:
}_;:nel i
m, =—— 91)
Vi

The summation of the above relation over i for n individuals of the society will be equal to:

M= =3 ©2)
i=1

i=1 i

where M stands for the sum of the “intrinsic quantities” of all individuals of the society, or in other
words, “intrinsic quantity of the society”. The “volume” can be considered for any scale or proxy
variable, which represents the size or magnitude of the social environment. Therefore, if we assume
the volume, for example, the area of the city (2) in which the society is located, as a proxy of the
volume, the environment density (p) is obtained from the following relationship:

p=tt (93)

where M was defined by (92).

Effective Cross-Sectional area of Individual Interaction with the Society

In mechanics, the effective cross-sectional area (A) is the cross-sectional area perpendicular to the

velocity vector V. In the social sense, it is the degree to which the individual interacts with other
different individuals, and it can be considered as an indicator for this subject. For example, the amount
of a person’s interaction with the members of the society, such as the number of visits, the number of
correspondences or emails, the hours of the meeting, number of meeting or dealing with each other on
a time-based defined period, and so on can be used. Apparently, these indicators, when applied to
comparative analyzes, can actually show their degree of accuracy.

Social Change

As the velocity of change in behavior in individual (relations (62) to (67)) including the average
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velocity of change, the acceleration of change (relations (68) to (72)), the path of change (relations
(73) to (79)), the changeover duration (relations (80) to (82)) were shown, these issues can easily be
applied for the social change (relations (56) to (59)) as well as the change in the social norm of the
society (relations (60) and (61)) and to obtain the cited various characteristics of changing a society.
Similarly, the topics of individual and environmental resistance that were mentioned in the subject of
change in an individual’s behavior can be generalized for society using the matters discussed in the
relevant sections.

From this discussion, one can reach a general rule. In order to change society and move it from the
present state to the desired state, the “weighted majority” (mathematically weighted due to the
“intrinsic quantities” or effects of the people) of the society should be changed sufficiently. This topic
can be completely generalized in economic, social, and cultural development as well.”’

The Weights and Effects of Individuals in Changing a Society

As it was described in the subject of “intrinsic quantity” for a person as well as the individual and
environmental resistances to change in person's behavior, the characteristic that relates the behavioral
exerted force of every person to the person's acceleration (or velocity of change) is “intrinsic
quantity”. This notion was adapted from the similarity of the concept of “mass” in physics. By
definition, the “intrinsic quantity” can be used as the “effect” of a person on society; as we used it in
the discussion of individual and environment resistances to express how to change behavior.
Therefore, as it was mentioned in the social norm, the result of the social norm is derived from the
weighted average of the components of X and Y of the individual vectors, which the weight m;,

defines the same effect of the individual in the society or “intrinsic quantity”. This quantity was
defined as the concept of “mass” when a force is exerted on it.

Work Needed to Change Person and Society

So far, in the discussion of individual and social change, we pointed out how a force-changing changes
a person's behavior theoretically. In this section, we will look at how this force can be exerted in the
form of “work™ or the “work™ needed to change. In mechanics, the “work” done by a constant force is
equal to the product of the amount of the object displacement by the force that moves that object. In
other words

W=F.d=F.dcosg (94)

where W denotes the “work” and F stands for the vector of force, and d is the vector of
displacement. The work of a force is positive if the vector component of that force is in the same
direction of displacement, and it will be negative when the vector component of that force is in the
opposite direction of displacement. In the above equation, F and d are the amounts of force and
displacement, and ¢ is the angle between the force and displacement vectors.

Before matching this subject to behavioral issues, it is appropriate to recall “work™ and kinetic energy
relationships. Potential energy is the energy contained in a system that can be converted into kinetic
energy. For example, the potential chemical energy in food after chemical interactions becomes
kinetic energy in the individual. Mechanical energy is a kind of energy, and it appears in two forms of
kinetic energy and potential energy. The kinetic energy comes from motion and potential energy
results from the position or state of an object relative to another object. In mechanics, when an object
is moving with mass m and velocity V, it possesses the kinetic energy (K) given by:

K:%mV2 (95)

3% His Holiness Haj Dr Noorali Tabandeh (2016) Lecture: Priority of reforming the individual on the reform of society and its
beginning in the family. October 16.

http://mazaresoltani.net/download/mp3/95/1395-07-25-Sobhe-Y ekshanbe-Taghadom-Eslahe-Fard-Bar-Jame-Va-Aghaze-An-
Az-Khanevadeh-Dastourat-Jozee-128.mp3
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By exerting a force on an object, the energy of the object increases along the direction of the body's
motion, and vice versa, the exerted force to the object in the opposite direction of motion decreases the
velocity of the object, and its kinetic energy decreases as well. In physics, this means that “work” (W)
is the same energy transmitted to the object or from the object that has been exerted on the object. The
transferred energy to the object is a positive work, and the energy transmitted from an object is
negative work. In other words, “work” is the transmitted energy, and “doing work” is the energy
transfer operation. The unit of “work” is the same as the energy unit and is a scalar quantity. An object
located in altitude is an example of conversion of a type of energy to another type. A stagnant object
located at altitude, relative to a given reference surface (for example, earth), has only potential energy.
When the object is released, before it reaches the reference surface (earth), it does not have potential
energy, but it has kinetic energy through motion. That is, its potential energy, with the fall of the body,
has become kinetic energy, which is an example of energy conversion. Similarly, mechanical energy
can be converted to other thermal, electrical, light, chemical ... energies. The work-energy theorem
states that the net “work” (resultant work) is equal to the change in energy. In the above example, in
the case of a body located at altitude, the object during the fall changes the kinetic energy from zero to
the value of K as is shown by the above formula, and the difference (K-0) is the kinetic energy change
and is the final kinetic energy.

In physics, the usual meaning of the word “work”, which refers to physical or mental effort or labor, is
not contemplated, but we use it in behavioral and cognitive sciences without defining the nature of
energy and work as a quantity that makes people work. In physics, this is also the case, and energy is
not defined, but only its manifestations are investigated as the effects of energy. As it is defined in
mechanics, the change in the kinetic energy of a particle is equal to the pure work done on the same
particle that it can also be used in our discussions as well. In other words:

AK=K,-K =W (96)

where K, and K, are the kinetic energy levels in the initial and subsequent states and W is the net
“work”, which is equal to the amount of energy change (AK) in the object. The adaptation of these
topics to the topic of change in behavior space and for individual or society is quite feasible using the
topics mentioned in relation to the speed of change in behavioral space. Therefore, using the velocity
of change in person / society behavior, one can obtain the net “work” done for the change, which is
equivalent to the exerted energy change. To develop the subject in this section, we use the similarity of
Hooke’s law for spring. When extending (or compressing) spring from the relaxed position, in this
case, the force applied to the spring equates to the amount of displacement in the spring’s head, which

creates the equivalent force of 17“5 in the spring:
Fo=—kd 97)

This relationship is called Hooke's law. The negative sign indicates the spring force is in the opposite
direction of displacement d , and k is the constant factor characteristic (stiffness) of the spring. If the
displacement of the spring head is only in one direction X, the above relation is simplified as follows:

F, =—kX (98)

By extending (or compressing) the spring, the “work” done by the spring force in any movement value
is obtained from the following relationship:

Xt+1
W, = le ~F,dX (99)

The use of integral in the measurement of the “work™ of the spring is because the length of spring
becomes shorter due to the exerted force or compression force (or longer due to extension), the
amount of “work” that is obtained from the sum of the involved forces is aggregated. Therefore, from
the above relation and using (98), we can write the following relationship, which is obtained by
solving the integral (99) and assuming behavior change is only in the direction of one axis:
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Wy == KX = X0) (100)

The above-mentioned relationship shows the “work” done by the spring. The “work” done by the
variable force will be as follows:

W= j;‘”F(X)dX (101)

For a two-dimensional behavioral space, it is defined as:

W=["dw=["FdR=["FdX+["Fay (102)

That can be easily generalized to an n-dimensional behavior space. Hooke’s law is also used in
stiffness in mechanics that is the rigidity of an object or the extent to which it resists from deformation
in response to an exerted force. We will return the subject in the forthcoming sections for its
application in behavioral space.

The Power for Change in Person and Society

What physicists introduce about force are restricted about the energies and forces that are clearly
manifested in the material world, while there are lots of forces in this universe that are still not
measurable, and have different qualities of the forces discussed in physics and are ignored. For
example, the intake of food in the human body becomes different energies. In the body, it makes a
motion, which is a type of mechanical energy; it generates heat, which is a type of thermal energy. The
human body generates about a few volts of electricity, and neural and cardiac networks use that
energy, which is a type of electrical energy. There is also chemical energy that leads to metabolism in
the body etc. All of these types of energies are converted into the desired energy from feeding. Now, if
we notice, some of these energies in the body become a kind of energy that its transformation is done
in the brain. For example, thinking transforms part of the energy in the body and turns it into particular
energy that thinking is its result. So if we consider thinking as a type of energy, based on the law’' of
conservation of energy, it has been converted from the other energies of thermal, chemical, electrical,
etc. of the body, we come to other headings of energy types. Perhaps a simple example can be
expressed in this way that a human being needs to consume food for studying a book or solving a
mathematical problem. The potential energy in the food is somehow converted into particular energy
that our bodies can study or think about different subjects. In this regard, it cannot be said that thinking
is not energy because the law of conservation of energy requires that the energy in the food must be
converted into another form of energy! Because according to the cited law, energy cannot be
destroyed, and it turns into another form. This subject can be generalized for various sensual
perceptions, which here we are not going to address it further. In some of the definitions of energy, it
is sometimes defined as the ability to work or exergy or, in other words, the ability to perform the
motion. Although these definitions are logical, but not complete in practice and instances, and their
measurements are facing difficulties. Among these are the examples of thinking or studying we
described.

Now assume that by thinking, he decides to take action. This decision causes the body to “work”.
“Work” has a definite definition in physics, and as it was mentioned by (94), the amount of
mechanical work done on an object is equal to the multiplication of force by the amount of object
displacement. If the force and displacement are in one direction, the mechanical work will be positive.
If the force and displacement are in opposite directions, the mechanical work is negative. And if the
force is applied at an angle, the only part of the force that is aligned in displacement direction does the
“work”. “Work” is an addable quantity. Taking this in the field of human behavior creates certain

3! In physics, the law of conservation of energy states that the total energy of an isolated system remains constant, it is said to
be conserved over time. By this law energy can neither be created nor destroyed; rather, it can only be transformed from one
form to another.

Feynman, Richard (1970). The Feynman Lectures on Physics Vol I. Addison Wesley.

29



qualities of complexities in the subject because “work” in a human being is not as simple as the
“work” of an object that arises from its displacement. Therefore, by changing the definition of “work”
and obtaining some similarities and notions, we must use a quantity that is understandable in the field
of human behavior.

The “power” in physics refers to the amount of work done in a unit time and indicates the speed of
doing the “work”. Also, “efficiency” in physics is defined as the fraction of the energy input to a
machine that has done “useful work” and has not been wasted in various forms, such as friction.
“Power” is the time track of a “work” done by a force. If the force for the time period At does the work
W, then the average power generated by that force for this time interval will be equal to:

AW
27 103
e =, (103)
For a moment of time, we can also write:
P=lmP, =1imﬂ=d—W (104)

In the above context, if a change in behavior is considered for an individual, the work W is used for
the individual, and when the change in the behavior of the society is considered, the work W will be
used for the society.

Behavioral Shocks per Person

We assume that the person's behavior does not change without applying a force. The origin or source
of this force can be from his/her inside or from the external environment. In past sections of behavior
changes, we studied how the exerted force on a person causes a change in his/her behavior. In this
section, we discuss the type of an exerted force is in such a way that slow down, or stop, or even
reverse the behavior of a person. This subject in physics is considered under the heading of
“collision”. In case of collision or shock, the effect of the exerted force on the body occurs in a short

time and with a significant amount. As a result of a collision of a force to the amount I?(z‘) to an

individual causes the person to change his behavior to a certain amount of P . The vector P shows the
amount and direction of behavioral change that result from the collision of F(t) force. Similar to

Newton's second law, the amount of the force is equal to the ratio of variations of movement to time
variations. In other words:

— dP

F="" 105
7 (105)

Therefore, in this interval dt, the change in the size of a person's behavior will be equal to:

dP=F(1).dt (106)

If we integrate from the above equation from the time t, (before exerting the force) to tp (after
collision), the net change of the size of the movement or change in behavior is obtained by:

“dp =" F(o)de (107)
J‘IO J.to

The left side of the equation (106) shows the change in the size of the motion or the behavioral
change, and the right side is a measure of the magnitude and duration of the shocking force or

collision. So we define the shock J as follows:

J= j F(¢)dt (108)

32 A collision is an event in which two or more bodies exert forces on each other for a relatively short time.
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In other words, change in the size of the movement or change of the behavior is equal to the shock
experienced by the individual. Therefore, we can write the linear shock movement size as follows:

AP=Pr—Po=J (109)
And its components are expressed in terms of the following values:
APy =P, y =B x=Jy Z_LFFX(t)dt

l ! (110)
AF, ZPF,Y _1)0,Y =Jy ZJ-IO Fy(t)dt

In terms of graphing, the shock effect can be shown as follows:

1PN F(t)

to te t
€ At >
Figure (9)

In Figure (9), the area under the curve F(t) is equal to the magnitude of the shock J collided (exerted)
onto the individual. Figure (9) can be shown in the form of Figure (10) that shows the average shock
force on the individual for the time interval At. In Figure (10), the area of the rectangle is equal to the
area below the curve in Figure (9).
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Figure (10)
In Figure (10), the magnitude of behavioral shock is defined as:
J=F,At (111)

where F,, 1s the magnitude of the mean shock force, and At is equal to the difference tg-to. The topics
discussed in this section can be extended to successive collisions and shocks, which are in line with
the topics discussed, and we will avoid its development here.

The Forms and Size of Behavioral Change in Person

In the past discussions, in general, we addressed the changes in the behavior of individual and society.
In this section, we deal with different forms of behavioral changes. Human beings are always flexible,
but the degrees of acceptable flexibilities are different for any person and are related to their own
intrinsic personality structure. Flexibility means that when a force is exerted on a person, he changes
his behavioral structure. When a force is exerted on an individual, in a range of force amount, the
behavior of the person begins to change linearly (or even nonlinearly). In some cases, after the force
removal, the individual behavior returns to the initial state and in some cases remains the same as it
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has been changed. If the force is more than a specific limit, namely “yield point™’, a permanent

behavioral deformation arises and, by more forces, eventually causes a behavioral failure. The same is
true of the elasticity in mechanics. Therefore, based on the concepts of “stress” and “strain” in
mechanics, we define the behavioral distorting (deforming) force on the effective cross-sectional unit
(as previously stated). In other words:

_F
Stress " (112)

Where F is the magnitude of the force that is directly (perpendicular) exerted on a person, and A is the
effective cross-section, which, as defined before determines the degree of interaction of a person with
the characteristics of the exerted force. We also define the “strain” as the unit of deformation created
in the person's behavior, which is caused by an exerted “stress”. In other words:

Strain =% (113)

The variable L here represents the behavior value in each component of the behavioral space. The
relationship between “stress” and “strain” is different in people and are in certain mathematical
functional forms, but for simplicity, we consider the relationship between “stress” and “strain” in such
a way that the “strain” amount is proportional to the “stress” amount. This ratio is called “elastic
modulus”; in other words, the “stress” is obtained from the product of the modulus by the “strain”. In
mathematical terms:

F

AL
Z=E= (114)

where E is the modulus as cited. The above relationship can be used for a wide range of stresses, in
which case, the relationship between “stress” and “strain” is linear. In this case, when the “stress” is
lifted, the behavior of the individual returns back to its initial form. For example, consider a person
who used to consume 2,000 calories food in a day. Diet “stress” requires him to consume 1200
calories in a day. After the end of the diet, the person returns to his former behavior of 2,000 calories a
day. If the stress exceeds the “yield strength” (Sy), the behavior will change permanently. For
example, in the last example, if the diet lasts for 600 calories, he does not return to the 2000 calories
diet after completing the diet. If the tension continues to increase, for example, a diet of 100 calories
per day, namely “ultimate strength” (Sy), a behavioral failure is caused. The above descriptions can be
written in a more general way so that the module is defined as a non-linear function that we do not
address it here.

“Stress” and “strain” are dimensionless quantities, and hence the modulus is a dimensionless quantity
as well. Similar to the engineering issues, one can also express and use “engineering stress” and
“engineering strain” defined by relations (112) and (113), and defines the “true strain” as the sum of
behavioral strains in the total length (amount) of behavior. This is defined for continuous values as
follows:

True Strain = LL dTL - 1nLi (115)
0 0

“True stress” can also be used to consider the effective cross-sectional area (A) as a variable, which is
not constant due to the magnitude of the force. In this case, the “true stress” will be equal to (112),
where A, instead of being a fixed parameter, is a variable that its value is changed when F is changed.

The same things can easily be developed for “elastic” and “plastic” behaviors. “Elastic” behavior is a
behavior that after the force removal, the created strains are lost, and the behavior returns back to its
original state. In contrast, in “plastic” behavior, when the force is removed, a permanent change in
behavior is shown in the person. This topic has a significant role in terms of punishment in the society,
whether the individual's arrest and the deterrence of his victim behavior for a certain period would

33 The yield point is the point on a stress—strain curve that indicates the limit of elastic behaviour of the material and the
beginning of plastic behaviour.
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permanently change the behavior of the offender or after the end of the detention period, the trespasser
would return back to his/her previous behavioral reprimand. Also, in education, this topic can be used
to design teaching, education and training methods, that how and to what extent a force should be
applied to a person that leads to changing his / her behavior. This topic opens up quantity topics in the
field of education, criminal psychology and criminology, and crime-related punishment and
educational psychology.

In this connection, the topic of fatigue of materials can also be continued in the subject of behavior in
the development of the aforementioned issues that how the repeated influx of force will influence the
person's behavioral “stress” and “strain”. Repetition causes the person's individual behavioral
characters to change, and the stage of behavior failure reaches soon. The issue of “fatigue of
materials” in physics, under the title of the “strength of materials” or “mechanics of materials” is
sufficiently detailed and descriptive.**

The behavior change in different environments can also be analyzed using behavior “stress” and
“strain” topics because the behavior change amount varies from one environment to the next. For
example, encouragement or punishment, if exerted on a person among his/her friends, relatives or
his/her peers, or among the people not related to him/her, practically with a constant amount of
encouragement or punishment, creates different behavioral effects. In physics, this issue is considered
in the study of “stress” and “strain” at various temperatures. For example, the temperature changes the
rupture or the amount of “thermal strain” of the material. The same can be used in the discussion of
our speech. The “thermal strain” is a special property that the material acquires as a result of the heat
of the surrounding environment and exhibits different “strain” behavior. The surrounding environment
of a person also has the same effect on the characteristics of the behavioral “strain” of individuals and
changes his/her “strain”.

Another form of change in behavior can be seen in oscillating behaviors. Swinging behaviors are
dynamic phenomena. All “elastic” behaviors phenomena are capable of vibrating or oscillating. In
dynamic, vibrations are divided into two groups of “free” and “forced” vibrations. In our context, “free
vibration” occurs when a person’s behavior begins to oscillate with an initial stimulus emanating from
its internal forces. The vibration, which is caused by an external force or disturbance, is called
“forced” vibration. Vibrations with harmonic movements are those oscillatory movements that are
repeated at regular intervals (7 ) and are called “periodic” movements. The period 7 and its reciprocal

(%) is called “frequency” (F). When the oscillating motion is defined as a function of time X(t),

regularly should be satisfied in the relationship X (¢) = X (¢ + 7). Oscillatory or vibrational behavior is

used in various sciences to express the behavior of different phenomena and can be adapted to the
behavioral space mentioned in this paper. For example, suppose that a person who used to sleep 8
hours per day, attends a party and inevitably sleeps less than 8 hours next day, and the day after will
sleep more than 8 hours, and the day after that, he will sleep less and the next day inevitably a little
more. This oscillatory behavior continues for some days until the eight-hour balance is reached again
with a damped vibration. The image of this behavior is shown in Figure (11):

Yt A —l
8 hours_| ___;___;__4.___;__-——
sleep : E —_—
: t (days)
Figure (11)

The variety of oscillatory behaviors is very high. Figure (11) shows the process of a second-order

3% See: Beer, Ferdinand P.; E. Russell Johnston Jr., John T. DeWolf, David F. Mazurek (2014) Mechanics of Materials, 7
Edition, McGraw Hall India.
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difference equation with a constant value that has a dampening time trend. In order to investigate the
types and details of these kinds of behaviors, we refer the reader to the relevant texts.”

Also, these topics can be extended to the behavioral resonance due to the adaptation of mechanical
resonance’® matching with the behavioral theme in this paper that we will not deal with here.

Sociometrics

In the previous sections, we detailed the deterministic behavioral space. In this section, we examine
the behavior in a stochastic space. That is, we want to study the stochastic behavioral variables and
consider the general framework for expressing and estimating parameters in the form of statistical
methods in order to make the necessary statistical tests in the behavioral space.

We return to the beginning subject of this paper. Figure (1) shows a person's behavior as a vector with
a given size and direction. In that figure, the F; was assumed to be a non-stochastic variable. In the
illustrated example, Figure (1) reflects the behavior of a particular person in relation to a certain
behavioral variable, such as studying, which was shown as a vector that the length of the vector
indicates the amount of study of the person in a certain time interval, for example, a day and night.
Now let's assume that F is a random variable whose value is equal to F+u in different samples, and u is

a random variable with mean zero and variance o”. In Figure (1), the vector Fi has a longitudinal
component. Now, if we want to show the vector F in the case where it has two components (X and
Y) as given by Figure (4), we should write the components as random variables. That is, the vector F'

consists of two variables X and Y, both of which are random. That is, F is formed of the two
components X+uyx and Y+uy where ux and uy are two random variables with mean zero and variances
o’x and 6%y respectively. That is:

E(u,)=0, E(u,)=0, E(u,)=o0,, E@u;)=o;, i=l,..,n (116)

We also assume that the covariance of ux, uy, and also their auto-covariances are zero:

E(uyuy)=0, E(ugu,)=0 E(uyu,)=0 i,j=1,...,n (117)

Additionally, we assume that X and Y are both non-stochastic and independent of ux and uy:

E(Y)=Y, EYu,)=0, E(XX)=X, EXu,)=0 i,j=l..n (118)

For statistical inferences and hypothesis testing and sampling distribution, we assume that ux and uy
have normal distributions with mean zero and variance 6°x and 6%y. In other words:

u, ~N(@,0,) u, ~N(0,03) i=1,..,n (119)

To work on n variables in s-dimensional behavioral space, we generalize the Figure (4) to the s-
dimension. We call the dimensions X;, X,, ..., X, as before. We also identify the behavioral
characteristics of the individual i in this space with X;;, Xy;, ..., Xy, which the index i defines the it
person and i=1,...n, and n is the number of people in the society. We also assume that the assumptions
(116) to (119) hold true in the case of s-variable.

Now suppose we want to estimate the two parameters ¢, and ¢, of the angular differences between

the i individual's behavior from the norm of the society as an indicator of the differentiation of the
individual's behavior from the social norm by using statistical sample observations. To simplification,

33 See: Bijan Bidabad, (Book) Difference equations and dynamic stability of equilibrium.
https://www.bidabad.ir/doc/difference-equations.pdf

Tongue, Benson, (2001) Principles of Vibration, Oxford University Press.

36 Mechanical resonance is the tendency of a mechanical system to respond at greater amplitude when the frequency of its
oscillations matches the system's natural frequency of vibration (its resonance frequency or resonant frequency) than it does
at other frequencies. It may cause violent swaying motions and even catastrophic failure in improperly constructed structures
(resonance disaster).

Katsuhiko, Ogata (2004) System Dynamics 4™ Edition. University of Minnesota.
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we follow the statistical test in two-dimensional mode (s=2). The estimators ¢, and ¢_ for ¢, and
@, are obtained from (39) and (49) easily. In these two relations, if we set the values of the statistical
population instead of the sample values, we will have:

n

Y +uy,

\/(Xt+u)(,) +(K +uYi) \/(im,()(z-’-u)ﬁ)} +(im’(Y’+uY’)J

X +u,
P —coS(é—é)_ —r . ;( -
T Ky 0 [ e 2
DX Fug) |+ D )
= ,, = (120)
Y +u,
) K_‘_uYi . ;( t+uYz)
X +u, )+ +uy,)’ . T (L 2
VX, + )+ (Y + ) \/(Z(Xi+ux,-)J +(Z(Yi+uy,~)J
i=1 i=1
5 —cos(é—é)— X, +uy, . ;ml( LUy
N R AT R (3 2
Zmi(Xi+u)([) + Zml(Y’—'—uy’)
= ,, = (121)
2 m (Y +uy,)
i=1

+

2
i=1

We leave small sample properties of the estimators here. But, it can be shown that the estimators ¢,
and ¢, are consistent estimates of ¢, and ¢, respectively. To do this, we may derive the probability
limit for the above relationships.’” According to the assumptions (116) to (119), we can easily show:

plim@,)=g,,  plim@,) =g, (122)

Now, by obtaining the estimates of variances of the estimators ¢, and ¢, and by using the normality

assumption of errors (119), we can test the hypothesis Ha (the individual i is incongruent with the
society) versus Hy (the individual i is in agreement with the society) for ¢, or @, :

HO :é\)ir _¢7[r :0
HA :éir _¢ir 7&0
(123)
HO :¢I7_¢L7 :0
HA :¢I7 _¢17 7&0

Many of the mentioned items, such as the alignment in the group, the synergy of the union in a
society, the social norm and its change, the change in person / society behavior and the velocity of
change, and the path and changeover duration can also be tested by the same statistical framework.
Also, all the topics of “intrinsic quantity” of the individual and the individual and the environmental
resistances in behavioral changes, the social environment density and the effective cross-section of
individual interaction with society, change in society and the weight and effect of individuals in this
change and the work necessary to change a person and society and the power of change and behavioral

37 Ibragimov, J.A. (1981) Statistical Estimation: Asymptotic Theory, Springer.
Rao, C.R. (1965) Linear Statistical Inference and Its Applications, Wiley.
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shocks in person and the form and amount of change in behavior of a person can be statistically
analyzed that we will not deal with them more here.

Conclusion

Our goal in this paper was to present a basic attitude for the mathematical expression of the issues
raised in the behavioral and cognitive sciences. The applied attitude provides us with an initial tool
and source of analysis that can be extended to many social issues in different disciplines. It is
noteworthy that this tool and in general, this attitude is in its infancy but have the potential to be
developed into other behavioral patterns in behavioral and cognitive sciences and other related
sciences. Future development of this viewpoint can be inspired by various issues of physics, as the
great Sufis have stated that “everything in the universe has an example in a human being”, and this
likeness facilitates the model-building from the base for scholars.
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