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Abstract

Objectives. This paper delves into the intersection of mathematical modelling and learning theory, exploring how
mathematical frameworks have been instrumental in advancing our understanding of educational processes and
pedagogical practices with the aid of Artificial Intelligence (AI).

Material and methods. Advancing learning theories through mathematical modelling offers several significant
benefits and opportunities. This is because mathematical models provide a precise and systematic framework for
representing complex educational phenomena, allowing researchers to formalize theoretical concepts, relationships,

and mechanisms in a clear and rigorous manner.

Results and conclusions. This paper focused on such learning theories as cooperative learning theory, Maslow
motivation theory, and social learning theory. By employing mathematical models, researchers have been able to
dissect complex educational phenomena, elucidate underlying mechanisms, and predict outcomes with a level of
precision that traditional qualitative approaches often struggle to achieve.

Keywords: Learning, Learning theory, Cooperative, Motivation, Social learning theory.

Introduction

Learning is one of the oldest and most unique topics
around. It is something that only living things can do and is
an integral part of our daily lives. A famous quote that is often
misattributed to a conversation between Albert Einstein and
areporter said, “The day you stop learning is the day you start
dying” By this, it means that learning continues until the day
we die. We learn from our mistakes, the environment around
us, and even the people we interact with every day. We may
think learning only involves lessons, schooling, and difficult
tasks, but learning is done so passively that no one is untaint-
ed by it. And for this purpose, learning theory is somewhat
of a grandmother in the understanding of learning. It is the
“scientific” study of learning that, though it does not neces-
sarily provide a direct explanation for what we know as learn-
ing, we can use it to gain an understanding of how creatures
learn. This understanding can be used in various ways, such
as training a pet new tricks or enabling a better comprehen-
sion of memory recall techniques.

Itis difficult to define learning, simple though the concept
may be. There have been innumerable attempts to explain
what learning is; among some of the best known definitions
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are those that identify learning as: a change in behaviour; the
acquisition of new knowledge, skills, attitudes, or values; the
process of knowing or coming to know; the process of build-
ing a mental model of a set of experiences - constructing new
interpretations of the world or revising old interpretations;
an increase in cognitive complexity; a relatively permanent
change in cognitive functioning and the skills required to
accomplish a given task (Klang et al., 2021). All of the defini-
tions suggest a somewhat different conception of what is in-
volved in learning, and learning theory covers a broad range
of explanatory terrains. From the perspective of the novice
educational researcher, learning can be seen as the study of
how and why people change. Such a simple view has wide ap-
plicability, and research conducted in educational settings is
sometimes not overtly about learning, yet it is about learning
in the broadest sense of looking to bring about change for the
better. A teacher may want to understand why a child who is
bright and articulate at home is failing to perform in school,
a lecturing clinician may wish to understand the process of
acquiring clinical expertise, and a lecturer to understand why
students persist in certain misconceptions of the material
they are being taught. Such research is all about attempting
to understand the processes that lead to change and trying to
effect changes that are in the best interests of those involved.
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Learning theory is seen as the key vehicle for understanding
and improving learning (Davidson & Major, 2014).

A variety of well-known learning theories exist, and they
all provide a different framework for understanding and ana-
lyzing how people learn. These theories of learning offer con-
ceptual frameworks for comprehending many facets of the
process of learning (Obasi, 2023). In order to serve diverse
learners in a variety of contexts and influence instructional
practices, educators and researchers frequently draw on a va-
riety of theories in their work. Furthermore, new viewpoints
and theories in the subject of learning have been developed as
a result of developments in cognitive science and technology
(Klang et al., 2020). This paper however focused on coopera-
tive theory of learning, Maslow’s theory of motivation and
social learning theory.

Cooperative Learning Theory

Cooperative learning theory is an educational approach
that emphasizes collaborative and interactive learning among
students. It is based on the idea that students working to-
gether in small groups can achieve better learning outcomes
than when working individually. The theory draws on social
interdependence and the positive interplay between indi-
vidual and group goals (Davidson & Major, 2014). Coopera-
tive learning theory has roots in the work of several theorists,
and it has evolved over time. One of the key figures associ-
ated with the development and popularization of cooperative
learning is Dr. David W. Johnson and Dr. Roger T. Johnson, a
husband-and-wife team of educational psychologists (John-
son et al., 1993). They have conducted extensive research on
cooperative learning and are known for their contributions to
the field. Cooperative learning is widely used in classrooms
across various educational levels and disciplines. Its success
relies on effective implementation, careful task design, and
a supportive learning environment that encourages positive
interdependence and individual accountability (Klang et al.,
2020).

For the field of learning research to progress, the concept
of quantifying and assessing knowledge, learning, etc., is cru-
cial. Within education, this is a current problem. According
to a quote from Lord Kelvin, educational psychology and
pedagogy do not have to be imprecise fields of study (Fadul,
2006). Mathematical models, including differential equa-
tions, can be used to describe the dynamics of learning with-
in a cooperative group. These models may consider factors
such as the rate of knowledge transfer, individual learning
rates, and the impact of collaboration on learning outcomes.
The combination of mathematical models with insights from
educational psychology provides a more comprehensive un-
derstanding of the dynamics within cooperative learning en-
vironments. Thus, cooperative learning is seen as a system of
linear differential equation which relates a knowledge func-
tion to its derivatives. This brings us to a mathematical model
for cooperative learning; let us take the example of three stu-
dents, each of whose knowledge G, K, and R is quantified in
terms of the estimated number of connected and unlinked
ideas for a given lesson. G(t), K(t), and R(?) are assumed to
be functions of time expressed in weeks. Based on previous
observations and experiences, the following assumptions are
made by our cooperative learning model (Fadul, 2006):
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The knowledge of each learner will increase at a rate
that is proportional to the knowledge of the other
learners;
The knowledge of each learner may decrease at a rate
that is proportional to its own amount of knowledge;
The rate of change of knowledge for a learner has a
constant component that measures the level of ami-
ability (i.e., trust and friendliness) of that learner
toward the others.

These assumptions lead to the system of linear differen-
tial equation (1) below:

ii.

iii.

%:aK+§R—pG+r(s,h)

(1
%:ﬂG+nR—¢)K+s(r,h)
%=0K+7G—UR+h(r,s)

The variables and parameters of the model are described
in Table 2 below.

Table 1. Description of variables and parameters of the
model

Variable
G(t)
K(t)
R(t)

o

Description
Knowledge of first student at a time
Knowledge of second student at a time
Knowledge of third student at a time
Openness of first student to learning from second
student
Openness of first student to learning from third student
Learning decay rate of first student
Openness of second student to learning from first
student
Openness of second student to learning from third
student
Learning decay rate of second student
Openness of third student to learning from second
student
Openness of third student to learning from first student
Learning decay rate of third student
First student’s level of cordiality towards second & third
students
Second student’s level of cordiality towards first & third
students
Third student’s level of cordiality towards first & second
students

0
P
B

-

N

h

The constants are non-negative but the numbers have
any value: positive values for attitudes of trust for the other,
and negative values for antagonism and aversion. In matrix
notation, the case may be written as:

X'=4X+B
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We see that the nature of the solutions of the system will
depend on the eigenvalues of the matrix A. The determinant,
det(A) and trace, tr(A) of this matrix play a crucial role in
determining the stability of the solutions. If det(A) > 0 and
tr(A) < 0, the system is stable. These criteria are derived from
the fact that the signs of the eigenvalues influence the stabil-
ity of the system (Obasi & Mbah, 2019; Obasi, 2023). Posi-
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tive real parts of eigenvalues are associated with instability,
while negative real parts suggest stability. The determinant
and trace help in identifying these signs and making predic-
tions about the system’s behaviour. On the roots of the char-
acteristic equation:

A +(v+o+p) A +((p+v)gp—o77+up—r§—ﬂa)l

+(pv-6t)p-npo —ant-afv- oo =0
with the determinant and trace of matrix A obtained as:

det(A)=o (S5 +np)+(af - pp)v+1(an+dp)

tr(A):—(u+(o+p)

It can easily be seen from (4) that tr(A), but if aff - pe
>0 then det(A) > 0, which implies stability. That is, if both
learners mildly like each other (r > 0, s > 0 and h > 0) and if
the product of their knowledge decay indices is less than the
product of their receptivity to learning from each other, there
will be joint increased learning. However, if af8 - pp < 0, and
(r<0,s <0and h < 0) there will be retrogression. That is,
first student and second student do not like each other and if
the product of their knowledge decay indices is greater than
the product of the indices of their receptivity to each other’s
learning, it will lead to retrogression. Their unpracticed or
unutilized knowledge will decay.

In the context of cooperative learning, stability often
refers to the ability of the system to reach and maintain a
desirable state, such as a state where all individuals in the
group have acquired and retained knowledge or skills. Con-
sider a simple cooperative learning scenario where individu-
als positively influence each other’s learning, and the matrix
A has eigenvalues with negative real parts. In this case, the
cooperative learning system is stable, and the group is likely
to converge to a state where all individuals have acquired the
desired knowledge or skills. Note that stability suggests that
the learning trajectories of individuals within the group are
predictable and do not exhibit erratic behaviour. Predict-
ability is desirable in educational settings to ensure a steady
and effective learning process (Fadul, 2006). Cooperative
learning often involves individual accountability and posi-
tive interdependence, where the success of one individual
benefits the entire group. Systems that promote positive in-
terdependence and individual accountability are more likely
to be stable. Stability implies a balance in the interactions
between individuals in the cooperative learning group. If the
interactions are too competitive or too cooperative, it may
lead to instability. It should be noted that stable systems tend
to converge to an equilibrium state where learning is bal-
anced and individuals have acquired the desired knowledge
or skills. To further understanding system dynamics, exact
model solution is determined. Thus, the system of equations
(1) are first-order linear ODEs, which can be solved via the
matrix method. We have that

3)
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Therefore, the solution of the system of equations (1) is
obtained as:

G(t):Gﬂ(l—p)H%G0 (aﬂ+5r+p2)tz +K0£¥[—%KO (ap+a¢+§a)tl+R06t+%RO(aq—5p+5u)tl+0(t3)
| I 0o | )

K(z):GO/JHEGO(r]r—ﬂ,o—ﬂq))tZ +KU(1—¢)I+EK0 (aﬂ+qa+¢')t' +Rﬂm+ikﬂ(ﬂo—qu—n¢)t‘ +0(f)
! 1 I 2 1 2\ 2 3

R(l‘):GOTHEGO(ﬂU—pT—Z'U)I' +K00t+5K0 (ar-0v-0p)r’ +RU(l—u)t+ER0(§r]+qo+v')t' +0(F)

as taoo,G(t)—)ao,K(t)—Mo,R(t)—)oo

The exact solutions above show the idea that knowledge
of students in cooperative learning could theoretically ap-
proach infinity as time tends to infinity. This indicates that
there is a situation or condition described as “unbounded in
time” which leads to a consequence of “unleashed” increased
learning for the learners. This means a growth or enhance-
ment in the process of acquiring knowledge or skills. Thus,
the result of a situation being “unbounded in time” is that it
allows for a significant and unrestrained increase in learning
for the individuals involved. This might imply that without
time constraints or limitations, learners are able to explore,
absorb, and acquire knowledge in a more effective or ac-
celerated manner. The use of “unleashed” suggests a kind of
freedom or release that enables a fuller and more extensive
learning experience.

Therefore, the mathematical formulation provides a
theoretical framework for exploring the cooperative theory
of learning in a controlled and abstract manner. The study
indicates that the mathematical model proposed for the co-
operative theory of learning demonstrates a high degree of
accuracy in predicting learning outcomes within cooperative
learning environments. The model has successfully captured
the complex interactions and dynamics involved in collabo-
rative learning settings. The mathematical formulations have
allowed for a deeper understanding of the dynamics between
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individual and group learning. The study highlights how
individual contributions impact the overall group learning
process and vice versa, providing a nuanced perspective on
the interplay between individual and collective knowledge
acquisition. The mathematical model and findings from this
paper have direct implications for educational practices.
Educators can use the insights to design and implement co-
operative learning activities that are not only pedagogically
sound but also backed by quantitative evidence supporting
their effectiveness.

Abraham Maslow’s Motivation Theory

Abraham Maslow’s motivation theory, often represented
as Maslow’s Hierarchy of Needs, outlines a hierarchical mod-
el of human needs, with each level building upon the previ-
ous one. Abraham Maslow proposed a hierarchical model of
human needs, arranged in a pyramid. According to Maslow
(1943), individuals are motivated to fulfill basic physiologi-
cal needs (such as food and shelter) before progressing to
higher-level needs like safety, belongingness, esteem, and
self-actualization. This theory, introduced by Maslow in the
mid-20th century, is not specifically focused on learning but
provides a framework for understanding human motivation,
including aspects related to education and learning (Maslow,
1968). Maslow’s Hierarchy of Needs has since become a foun-
dational concept in psychology and education, influencing
discussions on motivation, human development, and the de-
sign of effective learning environments (Young, 1936). While
Maslow did not specifically focus on education in his original
works, educators and psychologists have applied and adapted
his theory to better understand and address the motivational
aspects of the learning process (Tay & Diener, 2011). We can
attempt to create a simplified mathematical model inspired
by the theory. Let us consider a system of differential equa-
tions that represent the dynamics of the hierarchy of needs:

ar) _

= PO
% = BP()—5S()
dB(t) B (5)
2 =¢S()— pB(1)
dE(t) B
2 @B()—nE@)
dA() _
7l cE@)

The first equation represents the rate of change of physi-
ological needs (P), indicating a natural decrease over time
without external inputs. The second equation represents the
dynamics of safety needs. Safety needs (S) increase when
physiological needs (P) are satisfied but decrease naturally
over time without further inputs. The third equation describes
Belongingness and love needs (B) which increase when safety
needs (S) are satisfied but decrease naturally over time with-
out further inputs. In the fourth equation, esteem needs (E)
increase when belongingness and love needs (B) are satisfied
but decrease naturally over time without further inputs. The
fifth equation represents the dynamics of Self-actualization
(A) which increases when esteem needs (E) are satisfied. In
these equations: represent the levels of physiological needs,

35

safety needs, belongingness and love needs, esteem needs,
and self-actualization, respectively. The values of «, §, §, ¢, p,
@, 11, 0 are positive constants representing the impact of one
need level on the rate of change of the next. These equations
attempt to capture the idea that the satisfaction of one level of
need contributes positively to the next level while recogniz-
ing that needs naturally decrease over time if not continu-
ously satisfied. In matrix notation, the case may be written as:

X'(H)=AX(t)

P (- 0 0 0 0)P@ -2 0 0 0 0
SO B -6 0 0 0[S0 B 60 0 0
B®)|=|0 ¢ -p 0 O0||B@)|,4=|0 ¢ -p 0 0 ©
E®| [0 0 ¢ -n 0||EQC 0 0 ¢ 0
A)) \0 0 0 o 0A® 00 0 o 0

We see that the nature of the solutions of the system will
depend on the eigenvalues of the matrix. On the roots of the
characteristic equation:

A +(a+8+p+n)A'+(ad+an+ap+dn+dp+np) A’ 7)
+(adn+adp+anp+dnp) A’ +npdad=0
with eigenvalues obtained as:
0
7 (®)
Aicipaas =| —1
=
—a

It can easily be seen from (8) thatall the eigenvalues are
negative except one which is zero. The zero eigenvalue can
lead to different stability scenarios depending on the nature
of the accompanying eigenvalues. If all other eigenvalues
have negative real parts, the equilibrium is a stable center
(Obasi, 2023). The negative eigenvalues indicate that small
perturbations from the equilibrium will decay over time, and
the system will return to the balanced state. In the context
of the hierarchy of needs, negative eigenvalues would imply
that, when the physiological, safety, and love and belonging
needs are at an equilibrium point, any deviations from this
point are dampened, and the individual tends to return to a
balanced state in terms of these needs. This suggests a stable
and adaptive psychological state where the person’s needs are
generally met and maintained over time. In practical terms,
this means that individuals are inclined to return to a bal-
anced state where their physiological, safety, and social needs
are met.

Stability in the system implies that when an individual’s
needs are satisfied at a certain level, they are more likely to
maintain a state of well-being. The negative eigenvalues re-
flect a tendency for individuals to maintain a balanced and
satisfied state in terms of their needs, fostering psychological
well-being. Negative eigenvalues suggest that the system is
adaptive and resilient to perturbations. In the face of external
or internal challenges, individuals tend to return to a stable
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state. This aligns with Maslow’s idea that individuals have an
inherent drive for self-actualization and growth, and nega-
tive eigenvalues indicate a capacity to adapt and recover from
disruptions. The hierarchy of needs is characterized by the
transition from lower-level needs to higher-level needs as
lower-level needs are satisfied. Individuals, having satisfied
lower-level needs, are more likely to progress to addressing
higher-level needs, such as esteem and self-actualization, in
a stable manner. To further understand the system dynam-
ics, exact model solution is determined. Thus, the system
of equations (5) are first-order linear ODEs, which can be
solved via the integrating factor method. Therefore, the exact
solutions of the system of equations (5) is obtained as:
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From the exact solutions, the tendency of physiological,
safety, belongingness and love, esteem, and self-actualiza-
tion needs to approach zero or equilibrium values indicates
a long-term stability in the system. Individuals in the model
reach a balanced state where their various needs, spanning
from basic survival to higher-level self-fulfillment, are either
completely satisfied or in a state of sustained equilibrium. The
result suggests that, over time, individuals progress through
Maslow’s hierarchy of needs and eventually reach a state
where the pursuit of these needs becomes less dominant.
Basic physiological and safety needs tend to zero, indicating
that individuals achieve a stable state of physical well-being
and security. Meanwhile, higher-level needs like belonging-
ness, esteem, and self-actualization tend to equilibrium val-
ues, suggesting a sustained and balanced pursuit of social
connection, recognition, and personal growth.

The findings imply that individuals in the model adapt
to their environments and find satisfaction in the fulfillment
of their diverse needs. As basic needs are met, the focus shifts
to higher-level needs, leading to a dynamic and evolving
psychological state. The tendency of self-actualization needs
to approach equilibrium values indicates that individuals,
even in a state of equilibrium, continue to experience per-
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sonal growth and pursue self-fulfillment. This aligns with
Maslow’s concept of self-actualization as an ongoing process
of realizing one’s potential. This goes to show that individuals
have a natural inclination to maintain a stable and satisfied
state, adapting to changing circumstances while progressing
through the hierarchy of needs. This stability aligns with the
notion that individuals strive for fulfillment and self-actual-
ization in a resilient and balanced manner. The result suggests
along-term stability and adaptation in the modeled hierarchy
of needs. Individuals reach a balanced state where basic needs
are satisfied, and higher-level needs are pursued in a sustain-
able and evolving manner. The exact solutions highlight the
dynamic and continuous nature of human motivation and
well-being as individuals progress through the hierarchy over
an extended period.

Social Learning Theory

Social learning theory (SLT), developed by psychologist
Albert Bandura (Bandura, 1977), is a comprehensive theo-
ry that emphasizes the importance of social interactions in
learning. It proposes that individuals learn not only through
direct experiences but also by observing others and mod-
eling their behaviours, attitudes, and emotional reactions.
Bandura’s work expanded traditional behaviourist theories
by integrating cognitive and social aspects into the learning
process. The key concepts of social learning theory include:
observational learning, modeling, reinforcement, attention,
retention, reproduction, motivation, and self-efficacy (Ban-
dura, 1986). Observational learning also known as modeling
or vicarious learning occurs when individuals observe the
actions and outcomes of others and incorporate this informa-
tion into their own behaviours. Bandura’s famous Bobo doll
experiment demonstrated how children learned aggressive
behaviours by observing adults. Modeling involves imitat-
ing the behaviours of role models or significant others. Indi-
viduals are more likely to emulate behaviours they perceive
as rewarding or socially acceptable. For example, children
may imitate the behaviours of parents, teachers, or peers.
While traditional behaviourist theories emphasize external
reinforcement, SLT suggests that reinforcement can be vi-
carious (Bandura & Walters, 1977). Individuals are moti-
vated to imitate behaviours that result in positive outcomes
for others. Conversely, observing negative consequences for
certain behaviours may inhibit imitation. Bandura proposed
a four-step process involved in observational learning. Indi-
viduals must pay attention to the model’s behaviour and its
consequences. They must remember the observed behaviour.
Individuals must have the ability to reproduce the observed
behaviour. Finally, individuals are more likely to imitate be-
haviours if they are motivated to do so, either through in-
trinsic or extrinsic factors. Central to social learning theory
is the concept of self-efficacy, which refers to an individual’s
belief in their own ability to succeed in specific situations or
accomplish tasks (Bandura, 2001). Bandura argued that self-
efficacy influences motivation, behaviour, and resilience in
the face of challenges.

Representing social learning theory using mathematics
offers several advantages. Mathematical models provide a sys-
tematic framework for quantitatively analyzing the dynamics
of social learning. By expressing SLT concepts in mathemati-
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cal terms, researchers can conduct rigorous analyses, perform
simulations, and make predictions about learning outcomes.
Mathematics enables clear and precise formulation of SLT
concepts, making them easier to understand and communi-
cate. Mathematical models can formalize complex relation-
ships between variables, parameters, and processes involved
in social learning. Mathematical modeling allows research-
ers to dissect and understand the underlying mechanisms
driving social learning. By representing SLT in mathematical
terms, researchers can identify key factors influencing learn-
ing outcomes and explore how they interact. Well-construct-
ed mathematical models of SLT can yield predictive insights
into learning behaviours and outcomes. Researchers can use
simulations to explore hypothetical scenarios and assess the
potential impact of interventions or changes in social con-
texts. In the words of Fadul (2006), mathematics serves as
a common language across disciplines, facilitating interdis-
ciplinary integration of SLT with fields such as psychology,
sociology, education, and computer science. Mathematical
modeling encourages collaboration and exchange of ideas
among researchers from diverse backgrounds. Mathemati-
cal models of SLT can inform the design of educational in-
terventions and instructional strategies. By understanding
the underlying mechanisms of social learning, educators can
develop more effective approaches to teaching and fostering
collaborative learning environments.

By leveraging mathematical tools and techniques, learn-
ing theorists can develop precise models, formulate hypoth-
eses, conduct empirical studies, and derive insights into the
mechanisms underlying learning processes and behaviour.
Mathematics provides a rigorous framework for studying
and understanding the complexities of learning theory, fa-
cilitating advancements in educational research and prac-
tice (Fadul, 2006). Therefore, representing social learning
theory using mathematics enhances our understanding of
the complex interplay between social interactions, cognitive
processes, and learning outcomes. Mathematical modeling
provides a powerful tool for exploring, analyzing, and ad-
vancing our knowledge of social learning phenomena. To
develop a system of differential equations describing social
learning theory, we need to consider the key components of
this theory, which emphasize learning through observation,
modeling, and social interaction. The model variables and
parameters are defined in Table 2.

Table 2. Model variable and parameter descriptions

Variables Descriptions
L(t) Level of learning or knowledge at time
1) Intensity‘ of exposure to.social interactions or
observational learning at time.
Parameters
o Rate at which learning occurs through
observation.
B Rate at which learning occurs through direct
experience or instruction.
y Rate at which forgetting occurs.
4 Influence of reinforcement or feedback.

Based on these variables and parameters, we can formu-
late a system of differential equations describing the social
learning theory as developed Albert Bandura:
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L) _
dt

al(t)— BL(t)—yL(t) 9)

This equation describes how the level of learning (L(t))
changes over time. Learning increases based on the intensity
of exposure to social interactions (I(t)) with a rate propor-
tional to a. Learning also decreases over time due to for-
getting (yL(t)) and through direct experience or instruction

(BL(1)). Additionally, we can introduce a differential equation
to model the intensity of exposure to social interactions (I(1)):

10
dt

This equation describes how the intensity of exposure to

social interactions changes over time. It depends on the dif-

ference between the level of learning (L(t)) and the current

intensity of exposure to social interactions (I(t)), with a rate

proportional to ¢. Thus, putting the two equations together
we have

=5(L@t)— 1)) (10)

LO _ o1 - praoy -y
d (11)
15) 5(L(O)—1(0))

This system of differential equations captures the essence
of social learning theory by modeling how learning evolves
over time through observation, direct experience, forgetting,
and feedback from social interactions. Adjustments and re-
finements can be made to this model to account for specific
contexts and factors influencing social learning. In matrix
notation, the case may be written as:

X'(1)=A4X(r)
|

[L'mH—(m)

I'(t) o

We see that the nature of the solutions of the system will
depend on the eigenvalues of the matrix. The determinant,
and trace, of this matrix play a crucial role in determining the
stability of the solutions. If and , the system is stable. These
criteria are derived from the fact that the signs of the eigen-
values influence the stability of the system (Obasi & Mbabh,
2019; Obasi, 2023). Positive real parts of eigenvalues are as-
sociated with instability, while negative real parts suggest
stability. The determinant and trace help in identifying these
signs and making predictions about the system’s behaviour.
On the roots of the characteristic equation:

P+(6+p+y)A-da+B+dy =
with the determinant and trace of matrix A obtained as:
{det(A) =—Sa+B+5
r(A)=—(5+p+y)

It can easily be seen from (14) that, tr(A) < 0, but if § +
y > « then det(A) > 0, which implies stability. That is, if the
sum of rate at which learning occurs through direct experi-
ence or instruction and the rate at which forgetting occurs is
greater than the rate at which learning occurs through ob-
servation, there will be increased learning. In the context of
social learning theory, stability in the system of differential
equations implies that the behaviours or patterns modeled by
the equations tend to settle down or remain consistent over

L(t) (12)

1(t)

(13)

(14)
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time. When the system is stable, it suggests that the dynamics
of learning and behaviour tend to reach an equilibrium or a
steady state. In other words, the behaviours modeled by the
equations don’'t wildly fluctuate or diverge from each other
over time. Instead, they converge towards certain patterns or
norms, reflecting the stability of the social learning process
within the theoretical framework being studied. This finding
suggests that the effectiveness of learning can be enhanced
when the combined rate of learning from direct experience
or instruction, along with the rate of forgetting, surpasses the
rate of learning through observation. This underscores the
importance of active learning approaches, such as hands-on
practice, interactive instruction, and spaced repetition, in
promoting deep understanding and long-term retention of
knowledge and skills. By balancing direct experience with ef-
fective instructional techniques and reinforcement strategies,
educators and learners can optimize the learning process and
enhance educational outcomes.

The stability of social learning theory in the context
of learning has several important implications. Stable so-
cial learning processes imply that individuals are likely to
consistently adopt and exhibit behaviours that are learned
from observing others in their social environment. This
consistency can lead to the establishment and maintenance
of social norms and cultural practices within a group or so-
ciety. When social learning processes are stable, it becomes
easier to predict how individuals will respond to different
social cues or stimuli. This predictability can be valuable for
educators, policymakers, and social scientists who seek to
understand and influence behaviour within various social
contexts. It facilitates the transmission of knowledge, skills,
and cultural traditions across generations. When individu-
als reliably learn from their social environment, valuable
information and practices can be passed down from one
generation to the next, contributing to the continuity and
evolution of society. More so, it can contribute to social co-
hesion by promoting shared values, beliefs, and behaviours
within a group or community. When individuals consist-
ently learn from and imitate each other, it fosters a sense of
belonging and solidarity, which can strengthen social bonds
and cooperation. While stability implies consistency, it does
not necessarily mean rigidity. Social learning processes can
also be adaptive, allowing individuals and societies to re-
spond to changing circumstances and environments. Sta-
ble social learning frameworks provide a foundation upon
which new behaviours and innovations can be integrated
and disseminated. A stable social learning system can en-
hance the resilience of individuals and communities by
providing a reliable mechanism for acquiring knowledge
and coping strategies in the face of challenges or adver-
sity. Consistent learning from others can help individuals
navigate uncertain or unfamiliar situations more effective-
ly. Thus, the stability of social learning theory in learning
underscores its significance as a fundamental mechanism
through which individuals acquire knowledge, skills, and
social behaviours within their cultural and social contexts.
To further understand the system dynamics, exact model
solution is determined. The system of equations (11) are
first-order linear ODEs, which can be solved via the matrix
method. We have that
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Therefore, the solution of the system of equations (11) is
obtained as:

L(t):LU—(ﬂ+/1)LUt+%LO((/)’+;/)z+5a)tz+10at—%lo(ﬁ+}/—§)atz+O(t3)

I(t)=L051—%L0(ﬂ+y—5)5t2+]0 (1—6[)+%10(a+6)512+0(t3) (15)

as t—> o, L(t) >, I(1) >0

The exact solutions (15) above show the idea that level of
learning or knowledge and the intensity of exposure to social
interactions or observational learning could theoretically ap-
proach infinity as time tends to infinity. This suggests that,
theoretically, there is no upper limit to the level of learning
or knowledge that individuals can attain, nor to the intensity
of exposure to social interactions or observational learning,
given an infinite amount of time. Level of learning or knowl-
edge refers to the depth and breadth of understanding that
individuals can achieve in various domains, such as academic
subjects, skills, or personal development. The finding sug-
gests that as individuals engage in learning activities over
an extended period, their level of knowledge can continue
to grow indefinitely. This implies that there is always more
to learn, discover, and understand, and that the process of
learning is potentially limitless. It goes to show that social
interactions and observational learning play crucial roles in
the learning process. Through interactions with others, indi-
viduals can exchange ideas, perspectives, and information,
which can enrich their understanding and stimulate further
learning. Observational learning, where individuals learn by
observing and imitating others, also contributes significantly
to the acquisition of new skills and behaviours. The finding
suggests that as individuals engage in more social interac-
tions and observational learning experiences over time, the
potential for learning increases without bounds.

Therefore, given an infinite amount of time, there is no
limit to how much individuals can learn or how intensive-



Obasi, C. (2024). Dynamics of an AI-Driven Mathematical Model of Some Learning Theories

ly they can engage in social interactions or observational
learning. In other words, as time goes on indefinitely, the
potential for learning and exposure to learning opportuni-
ties continues to grow without constraint. However, it is es-
sential to note that while this finding provides an intriguing
theoretical perspective on the potential for lifelong learning
and continuous personal growth, it is practically impossible
for individuals to have infinite time or resources for learning.
In reality, people have finite lifespans, limited resources, and
varjous constraints that affect their learning opportunities.
Nonetheless, the idea that learning and exposure to learning
experiences can continue to expand without limit under-
scores the importance of fostering a lifelong learning mindset
and seeking out opportunities for growth and development
throughout one’s life.

Concluding Remarks

This paper delves into the intersection of mathematical
modeling and learning theory, exploring how mathematical
frameworks have been instrumental in advancing our under-
standing of educational processes and pedagogical practices.
Advancing learning theories through mathematical mod-
eling offers several significant benefits and opportunities.
This is because mathematical models provide a precise and
systematic framework for representing complex educational
phenomena, allowing researchers to formalize theoretical
concepts, relationships, and mechanisms in a clear and rigor-
ous manner. This paper focused on such learning theories as
cooperative learning theory, Maslow motivation theory, and
social learning theory. By employing mathematical models,
researchers have been able to dissect complex educational
phenomena, elucidate underlying mechanisms, and predict
outcomes with a level of precision that traditional qualitative
approaches often struggle to achieve.
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AnHamika maTtemaTU4yHOI Mofeni aeaKnx Teopin
HaB4YaHHA Ha OCHOBI LUTYYHOrO iHTeNEKTY

11ABCD

Yinegy Obaci

'®enmepanbHuit yHiBepcuTeT oCBiTH ANBaHa IKOKY

ABTOpCHKNMIT BKIAM: A — [U3aiiH HOCTiIKeHHs; B - 36ip ganux; C - crarananis; D - migrotoska pykonucy; E — 36ip komTis

Pedepar. Cratps: 5 c., 4 Tab11., 36 KeperL.

Mera gocmimKeHHA. Y 1ill CTaTTi pO3IIAHYTUI B3AEMO3B 130K MaTeMaTHYHOT'O MOJIe/IIOBAaHHA Ta T€OPii HABYAHHS, JOCTIIKe-
HO, K MaTeMaTN4YHi PaMKMI Biflirpaiy Ba>X/IMBY PO/Ib y IPOCYBaHHI HAIIOTO PO3YyMiHHS OCBIiTHIX IIPOIIECIB i IeJarorivHmx NpakTuK

3a JOIIOMOrolo MmTy4Horo inrenexry (IIII).

Marepian i meTogu. Po3BuTOK Teopili HaBYaHHA 3a OIOMOTOI0 MaTEMaTMYHOTO MOJEIIOBaHHsA IIPONOHYE KiTbKa 3HAYHMX
nepesar i MoxmBocTeii. Lle OB’ A3aHO 3 TVM, 10 MaTeMaTU4Hi Mofiesi 3a6e31edy0Th TOYHY Ta CUCTEMATUYHY OCHOBY VLA IIpef-
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CTaBJIEHH: CK/IQJHMX OCBITHIX SABUIII, JO3BOJIAI0YY HOCTifHIKAM (pOpMai3yBaTyt TEOPETUYHI KOHIIEIil, B3BA€EMO3B sI3K! Ta MeXa-
Hi3MU y 4iTKuit Ta CTPOInii Crocio.

PesynbraTu Ta BUCHOBKM. 151 cTaTTs Oy/Ia IpUCBsAYeHA TAKUM TeOPiAM HaBYAHHSA, AK T€OPis KOOIePaTBHOIO HABYAHHS, Te-
opisa MoTuBauii Macioy Ta Teopid conia/IbHOTO HaBYaHHA. BUKOPMCTOBYI04M MaTeMaTH4Hi MOJEi, 6y}1M IpoaHasli30BaHi CKIagHi
OCBiTHI ABMUIIA, 3’ACOBAaHI OCHOBHI MeXaHi3MM Ta Iepen6adlHi pe3yabTaTu 3 TAKUM PiBHEM TOYHOCTI, IKOTO 4aCTO BaXKKO HOCATTI
TpagULiiHUMN AKICHUMU TiIXOfaMI.

Knro4osi cnoBa: HaBYaHHs, TEOPis HABYAHHS, KOOIIEPATUB, MOTUBALLifl, TEOPis COL[ia/IbHOTO HABYAHHS.
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