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Abstract

This chapter explores various learning theories, from behaviorism to constructivism, and their application in
teaching classical physics at the university level. The analysis highlights the transition from behaviorist
theories, which focus on observable behavior changes and often lead to rote learning, to cognitive and
constructivist theories like Ausubel's, which emphasize meaningful learning through reflection,
understanding, and active knowledge construction. Ausubel underscores the importance of linking new
content with students' prior knowledge for substantive learning. The chapter argues that addressing learning
difficulties in physics requires instruction based on conceptual analysis and hierarchical knowledge
organization. It critiques the prevailing behavioral approach in Mexican education and advocates for a shift
towards meaningful learning strategies that foster active student participation and deeper understanding,
ultimately enhancing instructional effectiveness in physics and other disciplines.

Review of Learning Theories Applied to Physics subject at University Level

OBJECTIVES

To describe the main
features of learning
theories, from behavioral
to constructivism theories,
and their application to the
teaching-learning  process
of natural sciences at the
university level, specifically
in the subject of classical
physics.

METHODOLOGY

A qualitative research was
performed, with the use of
a documentary analysis
technique.

CONTRIBUTION

The main contribution of
this research is in the
analysis of the main
learning theories, from the
Behavioral theories to the
Significant Learning Theory,
focusing on how they apply
to the physics subject for
university level students in
Mexico.

Learning theories, Physics subject, University Level
Abstract

Este capitulo explora varias teorias del aprendizaje, desde el conductismo hasta el constructivismo, y su
aplicacion en la ensefianza de la fisica clésica a nivel universitario. El andlisis destaca la transicion desde las
teorias conductistas, que se centran en cambios de comportamiento observables y que a menudo conducen al
aprendizaje memoristico, hacia teorias cognitivas y constructivistas como la de Ausubel, que enfatizan el
aprendizaje significativo a través de la reflexion, la comprension y la construccién activa del conocimiento.
Ausubel subraya la importancia de vincular el nuevo contenido con el conocimiento previo de los estudiantes
para un aprendizaje significativo. El capitulo sostiene que abordar las dificultades de aprendizaje en fisica
requiere una instruccién basada en el andlisis conceptual y la organizacion jerarquica del conocimiento. Se
critica el enfoque conductual predominante en la educacion mexicana y se aboga por un cambio hacia
estrategias de aprendizaje significativo que fomenten la participacién activa de los estudiantes y una
comprension mas profunda, mejorando en Gltima instancia la efectividad de la instruccion de fisica clésica y
otras disciplinas.

Revision De Teorias Del Aprendizaje Aplicadas A La Fisica A Nivel Universitario

OBJETIVOS
Describir las principales
caracteristicas de las
teorias del aprendizaje,
desde las teorias
conductistas  hasta las
constructivistas, y su
aplicacion al proceso de
ensefianza-aprendizaje de
las ciencias naturales en el
nivel universitario,
especificamente en la
asignatura de fisica clasica.

METODOLOGIA

Se realiz6 una investigacion
cualitativa, con el uso de
una técnica de analisis
documental.

Teorias del aprendizaje, Fisica, Nivel universitario

CONTRIBUCION

El principal aporte de esta
investigacion esta en el
analisis de las principales
teorias del aprendizaje,
desde las teorias
conductuales  hasta la
teoria del aprendizaje
significativo, enfocandose
en como se aplican a la
asignatura de fisica para
estudiantes de nivel
universitario en México.
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Introduction

Physics is an essential prerequisite for any Engineering Program. This science explains and predicts
physical phenomena, thus establishing the foundations for its engineering applications. Within a first
physics course in Engineering faculties, the aim is to develop in the student the ability to analyze any
mechanical situation presented in a logical and simple way, applying well-assimilated basic principles in
its resolution. As a consequence, teaching and learning classical physics must be oriented towards the
understanding and application of its fundamental principles. In Engineering, the methodology and
content must be considered from the perspective of the engineer, that is, as an applied science.

To achieve the fundamental purpose of a university-level classical physics course, it is considered
necessary to focus attention on interpreting results and not so much on the mathematical part (Garcia et
al., 2003); to promote practical work (Celemin & Covian, 2003); to avoid solving stereotyped problems
by only applying mathematical formulas; to recognize the particular characteristics of the students: their
way of learning, previous ideas, ways of reasoning, their interests and attitudes; and to consider the
context of what is taught and its relationships with other disciplines (Solbes et al., 1994).

Learning physics at various education levels, from secondary school, pre-university and
university, is a difficult process for a considerable number of students. When learning is difficult it is
attributed to different factors: the lack of understanding of concepts that are a prerequisite in a first
university course of this science, the conflict between common sense knowledge and scientific
knowledge, poor preparation in mathematics, the complexity of the conceptual structure of physics, the
use of inadequate teaching materials, the inadequacies of the proposed learning environments, among
others (Jaque, 1995).

In other research it has been seen that the main training insufficiencies of students in physics
include: problems of understanding and long-term learning (Bandiera et al., 1995; Salinas et al., 1996),
erroneous preconceptions (Mora & Herrera, 2009; Pedraza & Sanchez, 2011), inappropriate study
strategies to solve problems (Maloney, 1994; Guisasola et al., 2003), application of solutions learned by
rote, without considering their relevance (Gil & De Guzman, 1993). Traditional teaching of physics has
not managed to eliminate the aforementioned problems, so it is necessary to make modifications in the
strategies used to motivate the students and obtain significant learning.

In this research, elements of learning theories (behaviorist, cognitive and constructivist) are
analyzed, and several authors are cited who support the idea of learning based on understanding, as
opposed to rote learning, as an essential means to achieve the main objective of a classical physics course.
Learning theories have a descriptive character and, consequently, emphasize the aspects of learning
where the protagonist is the student. To achieve true learning, it is necessary to relate the teacher's
teaching strategies with the student's prior knowledge and present new information in a coherent and
consistent way. In this way, significant learning can occur, that is, long-term learning (Ausubel, 2000).
The concepts of behaviorism, cognitivism, constructivism, as well as Ausubel's theory of meaningful
learning, which constitute the theoretical basis of this research work, are presented below.

Behavioral learning theories

It has been observed that the approach from behavioral theories permeates the Mexican educational
system (with some exceptions) to this day, therefore it is important to analyze the main features of
behavioral theories in order to find a way to promote the transition from behaviorism to meaningful
learning in contemporary Mexican education.

Behavioral theories consider learning as a change in the frequency of occurrence of a behavior
(response), especially as a function of environmental changes (stimuli). The most prominent theorists of
behavioral learning are Pavlov, Watson, Thorndike and Skinner, among others.

In these theories, it is stated that learning consists on the formation of associations between stimuli
and responses. Theorists of these currents maintain that the explanation of learning does not need to
include thoughts and feelings. For educational practice, this implies that teachers must arrange the
environment so that students respond appropriately to stimuli (Schunk, 1997).
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Regarding the factors that influence learning, behavioral theories emphasize the role of the
environment, that is, the arrangement and presentation of stimuli, as well as the way of reinforcing
responses, and assign little importance to differences between students.

This approach is limited to the study of observable and measurable behavior. It does not consider
anything that happens in the subject's mind during learning. In practice, it stimulates purely rote learning,
without meanings, in the short term, which serves to reproduce predetermined responses.

This type of learning, known as mechanical learning, is currently very common in Mexican
professional education, in particular, in the teaching of physics. Students simply memorize formulas,
definitions and correct answers to mechanically reproduce them in tests (Moreira, 2014)

Cognitive learning theories

Learning in cognitive theory must be meaningful and requires reflection, understanding and construction
of meaning. Moreover, the student's mind is not a “flat structure” on which representations of things are
printed, it is an active and transformative multidimensional structure that produces ideas and theories
from their previous experience and their action on them. The characteristics of the cognitive theory are
expressed below (Florez Ochoa, 1999):

- Regarding the perception of the object of study, it needs to be explored within its natural context
without uprooting it from its organic relationships with the surrounding world.

- The organization of knowledge must be presented as a “whole”, which indicates that knowledge
must be shown from the simple to the complex.

- Understanding meaningful learning is essential. Rote teaching or mechanical learning should not
be applied.

- Meaningful learning requires confirmation, cognitive feedback that allows errors to be corrected
and deviations adjusted through debate and peer discussion.

- The evaluation of significant learning is contemplated on a permanent basis to provide feedback
to the learning process.

The contribution of cognitive theory to the design of models, based on the use of computers, lies
in the analysis of the activities that the student must perform. Hence, in the designs of computerized
instructional materials, learning elements such as the coding and representation of knowledge, storage
and retrieval of information, as well as the incorporation and integration of new knowledge with previous
knowledge are included.

Constructivist learning theories

This theory maintains that knowledge is not discovered, it is constructed: the student constructs his
knowledge based on his own way of being, thinking and interpreting the information. From this
perspective, the student is someone who actively participates in his own learning process and not
someone who passively receives knowledge from the environment.

Constructivism has received contributions from important authors, among whom are Piaget,
Vygotsky, Ausubel and Bruner. Although the theories of these authors are situated in different
frameworks, they share the principle of the importance of the student's constructive activity in achieving
learning outcomes.

Constructivism is postulated as a paradigm where teaching and learning processes are conceived
through dynamic, collaborative, and interactive work by the teacher, the student, the context, the
environment, and the socio-cultural environment in which individuals develop.

According to Carretero (1993), constructivism “affirms that knowledge of all things is a mental
process of the individual that develops according to interaction with the environment. And this
knowledge is a construction of the human being” (Carretero, 1993, page 26). Constructivism therefore
allows us to understand that human beings have the ability to create their own learning from external
stimuli.
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The constructivist conception of school learning is based on the idea that the purpose of education
provided in educational institutions is to promote the processes of personal growth of the student within
the framework of the culture of the group to which he belongs. Coll (1988) mentions that these learning
will occur satisfactorily if specific help is provided through the student's participation in intentional and
planned activities to promote constructivist mental activity. The purpose of the teacher's intervention is
for the student to develop on his own the ability to achieve significant learning in almost any situation or
circumstance, which is known as learning to learn.

The construction of school knowledge is an elaboration process, since the student selects,
organizes and transforms information from different sources, establishing relationships between this
content and their previous ideas. Consequently, learning content means that the student attributes a
meaning to it, builds a mental representation with the help of images or words, or creates a certain mental
model to explain the said knowledge (Diaz Barriga & Hernandez, 2002).

Regarding the teaching-learning of classical physics, Hierrezuelo and Montero (1989) mention
that the constructivist theory as such is not recommended in the teaching of physics, since according to
this theory the cognitive structure of every person is the result of a series of physical experiences and
social and emotional relationships, and these conceptions of the world based on common sense do not
always coincide with scientific reality and make learning difficult, generating erroneous
“preconceptions” in the student.

Ausubel’s Meaningful Learning Theory

David Ausubel (1918-2008) in 1963 mentioned “of all the factors that influence learning, the most
important is what the student already knows.” That is, you learn from what you know. However, in
teaching this principle is often ignored.

The Meaningful Learning Theory is one of the psychological and learning theories that explains
how cognition is produced and how it is facilitated. Ausubel is the creator of this theory, which focuses
his interest on knowing and explaining the conditions and properties of learning, to relate them to
effective ways of intentionally causing stable cognitive changes in the learner. Therefore, it addresses
issues such as (Ausubel, 1976, page 23):

a) To discover the nature of the aspects of the learning process that affect, in the student, the
acquisition and long-term retention of organized bodies of knowledge;

b) To develop the capabilities to learn and solve problems;

C) To find out what cognitive and personality characteristics of the student and what interpersonal
and social aspects of the learning environment affect the results of learning a given subject of
study, the motivation to learn and the characteristic ways of assimilating the content, and

d) To determine the most effective ways of organizing and presenting study materials in order to
motivate and deliberately direct learning towards specific goals.

The scope of application of the theory of meaningful learning, by claiming to be a realistic and
scientifically viable theory of school learning, is the learning and teaching of any organized body of
knowledge, that is, the different scientific disciplines that make up the school curriculum (Rodriguez
Palmero et al., 2008).

The essential concept of meaningful learning constitutes a key piece in educational psychology,
since currently there is an excess of information necessary to process and understand. According to
Ausubel (1963), meaningful learning is the process through which new knowledge is related in a non-
arbitrary and substantive way to the cognitive structure of the person who learns.

The two basic characteristics of meaningful learning are non-arbitrariness and substantivity. The
first refers to the relationship between potentially significant material and the student's prior knowledge.
That is, this relationship is not with any aspect of the cognitive structure but with relevant knowledge,
which Ausubel calls subsumers (Moreira, 1997).

The cognitive interaction between new and previous knowledge is the key characteristic of
meaningful learning: the fact that the learner has ideas, concepts and relevant propositions that are clear
and available, allows the incorporation, understanding and fixation of new knowledge, which remains
"anchored" to prior knowledge.
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The characteristic of substantivity means that what is important is the content and substance of
the new knowledge that is acquired, not the precise words used to express those new ideas. Meaningfully
learning a certain concept or proposition does not depend on the vocabulary used to express its meaning
(Moreira, 1997).

When the subject does not have adequate prior knowledge to give meaning to new knowledge
and/or when he does not present a predisposition to learning, this knowledge is stored in the cognitive
structure in a purely memoristic way, without meaning, without the ability to explain, without
understanding (Moreira, 2014). This type of learning is called mechanical and the difference with
meaningful learning is in the relationship with the cognitive structure: non-arbitrary and substantive
versus arbitrary and literal.

School learning situations can be categorized in four types: by rote reception, by meaningful
reception, by rote discovery and by meaningful discovery. These types of learning are part of a continuum
and they can all be carried out in the classroom, taking into account their relevance based on educational
goals (Diaz-Barriga and Hernandez, 2002).

For example, in the preschool age, the acquisition of concepts and propositions is carried out
mainly by discovery; during middle and higher education, students reach more abstract thinking that
allows them to correctly handle verbal propositions and take advantage of the large amount of existing
scientific knowledge, so they do not need to discover everything they should learn from the school
curriculum.

Now, it is evident that meaningful learning is more important and desirable than rote learning in
academic situations, since it allows students to acquire large amounts of integrated, coherent, stable and
meaningful knowledge.

To achieve meaningful learning, it is essential, first of all, that the learner manifests a willingness
to meaningfully relate the new educational content of the curriculum to his previous cognitive structure.
On the other hand, the material that is presented to the student must be potentially significant, which
requires from it to have logical meaning and that it can be related to the cognitive structure of the learner
in a non-arbitrary and substantive way, and also that there are adequate subsumers that allow interaction
with new information (Moreira, 1997).

Meaningful learning also implies an affective part, without which it cannot be achieved: if the
student does not have the intention of establishing substantive and non-arbitrary relationships between
his cognitive structure and the new educational material, then meaningful learning does not occur, even
if there are adequate and relevant subsumers, and the material is logically significant (Ausubel, 1976;
Moreira, 1997).

Ausubel differentiates three types of meaningful learning with respect to the learned object:
representational, conceptual and propositional. Representational learning is the most basic and refers to
learning the meaning of individual symbols, usually words, or what they represent (Ausubel, 1963). This
learning is repetitive and by discovery; it occurs mainly in childhood and is representative in nature.

Conceptual learning is a special case of representational learning; it has a symbolic function that
derives from the equivalence relationship established between the symbol and the common attributes of
different examples of the referent, therefore, it has a unitary meaning. The Ausubelian process of concept
formation occurs as new meanings are added to the same symbols and the defining attributes of the
concepts in the strict sense are delimited (Rodriguez Palmero et al., 2008).

Once the conceptual principles are already in the cognitive structure, learning is carried out by
incorporating new information, using the concepts already learned as “anchors”. Propositional learning
refers to the assimilation of ideas or concepts expressed by groups of words that are combined into
propositions. This type of learning handles a compound meaning. The goal of propositional learning is
the assignment of meanings to ideas expressed verbally with concepts. For example, to understand
physical laws, it is necessary to significantly learn the concepts they mention, but learning them is not
enough to understand and apply them properly (Moreira, 1997; Rodriguez Palmero et al., 2008).
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If the hierarchical organization of the cognitive structure is considered, in terms of the level of
abstraction, generality and inclusiveness of its contents, meaningful learning can be subordinate,
superordinate or combinatorial.

Subordinate learning occurs when a relationship of subordination of new content is generated
with others already present in the cognitive structure, which act as subsumers by being more abstract,
general and inclusive. An example in the field of physics is the concept of physical field: if this concept
is understood, the meaning of “pressure field”, “temperature field” or “energy field” can be derived,
which will act as examples of the same. Another meaning may also be correlated for the concept “field”,
such as, for example, “electric field”, defining its own characteristics (Moreira, 2000). This type of
learning is the most common and can be derivative or correlative.

Superordinate learning, less common than the previous one, occurs when the person learns a new
idea that can subordinate others that already exist in their mind by being more general or abstract. This
type is very important in the formation of concepts and in the unification of apparently unrelated
propositions (Ausubel, 1963).

Finally, in combinatorial learning none of the aforementioned relationships occur, but rather
connections are established with content available in the cognitive structure but in a general way
(Moreira, 1997). Ausubel (1963) mentions that inclusive and broadly explanatory generalizations such
as the mass/energy relationship, heat/volume, supply/demand, need this type of learning.

According to Ausubel's Theory (1976), a potentially significant new concept or idea is assimilated
to a relevant subsumer that is modified due to this assimilative interaction, becoming a more explanatory
and enriched one. Potentially significant material, in turn, is modified to become psychologically
significant.

The role of language as a facilitator is evident in both meaningful receptive and discovery-based
learning, given that it allows concepts or propositions to be manipulated more easily and is essential in
the functioning of thought. If adequate language is not acquired from the beginning, the subsequent
development of cognitive abilities is limited and subsequent cognitive performance is difficult
(Rodriguez Palmero et al., 2008).

Ausubel's original theory is a classroom learning theory, as it explicitly presents instructional
guidelines, principles and strategies that can be put into practice relatively easily.

To facilitate meaningful learning, it is essential to carry out a prior analysis of what is intended
to be taught, since not everything found in textbooks and other educational materials in the curriculum
is important. Furthermore, the order of the main concepts must be appropriate to facilitate their
relationship with the student's prior knowledge. This critical analysis must be carried out focusing on the
student, so that the content not only has good logical, chronological and epistemological organization,
but also that learning it is psychologically possible (Moreira, 1997).

To plan and program teaching, Ausubel (2000) proposes starting from two principles: the
principle of progressive differentiation and the principle of integrative reconciliation. The first establishes
that the most general and inclusive ideas of a discipline must be presented first and then progressively
differentiated, with their most specific details and data. The second principle indicates that teaching
should also explore the relationships between concepts or propositions, point out similarities and
differences, and reconcile discrepancies. This last principle is very important in learning physics, since
its concepts are closely related to each other (Chrobak; Moreira, 1997).

Another important aspect is to know the student's previous ideas, and that they are clear, stable,
differentiated and specifically relevant; with the purpose of serving as support for new knowledge.

There is a difficult problem when the student relates new knowledge with previous ideas derived
from his common sense, especially in physics subjects. The student has, prior to his instruction, a belief
system based on his common sense about the physical world, which he has constructed through daily
experience of it. Most of these beliefs are not compatible with the accepted concepts of this science and
limit the student's scientific perception.
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Likewise, the presence of alternative propositions, which are false relationships between concepts
but that students perceive as true, is a problem in science learning (Chrobak).

Shuell (cited in Diaz Barriga & Hernandez, 2002) mentions that meaningful learning occurs in a
series of phases, which are progressively more complex and deeper. He then distinguishes three phases
of meaningful learning: initial phase, intermediate phase and terminal phase. Learning should be seen as
a continuum, where the transition between phases is gradual rather than immediate and there may even
be overlapping phases.

Methodology

The research was done with a qualitative approach, using a documentary analysis technique, through a
process of searching, organizing and analyzing information regarding the learning theories that can be
applied to the teaching and learning of physics at a university level.

Results

Behavioral learning theories do not seek to comprehend the mental processes within the learner's brain.
Instead, they focus solely on observable behaviors and reactions. Consequently, they promote rote
learning, which lacks depth and meaning, and is often short-term, designed to produce predetermined
responses. In the cognitive theory learning must be meaningful and requires reflection, understanding
and construction of meaning.

Constructivism is presented as a paradigm where teaching and learning are viewed through
dynamic, collaborative, and interactive activities among participants of the process. This approach asserts
that students build knowledge based on their unique ways of being, thinking, and interpreting
information.

The Theory of Meaningful Learning has significant psychological and pedagogical implications,
addressing classroom dynamics and proposing programmatic principles to organize teaching through a
conceptual analysis of curricular content, rather than relying on linear and simplistic approaches.

An ideal instruction method of physics involves structuring the teaching of topics around their conceptual
framework, as physics is a science with a clearly defined conceptual structure.

Conclusions

A physics course is a basic requirement for any university engineering student. However, this discipline
becomes difficult to understand for many of them. It can be stated that many of the students' learning
difficulties are due to problems with the instructional model. These problems arise when models do not
take learning principles into account or are not based on students' prior knowledge.

Behavioral learning theories do not aim to understand what happens in the learner's brain, but
only analyze observable behaviors and responses, which is why they stimulate in practice purely rote
learning, without meaning and short term, which serves to reproduce default answers. This leads to
mechanical learning, very common today in Mexican professional education, and in particular, in the
teaching of physics. Students simply memorize formulas, definitions, and correct answers to
mechanically reproduce them on exams.

On the other hand, learning in cognitive theory must be meaningful and requires reflection,
understanding and construction of meaning. In this theory, the student's mind is considered to be an active
and transformative multidimensional structure, which produces ideas from its previous experience and
also acts on these ideas.

Constructivism is postulated as a paradigm where teaching and learning processes are conceived
through dynamic, collaborative, and interactive work by the individuals who participate in it. This
approach maintains that the student constructs knowledge based on his own way of being, thinking and
interpreting the information. From this perspective, the student is a responsible being who actively
participates in his learning process and not someone who passively receives knowledge from the
environment.
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Any attempt to improve the efficiency of the instructional process of the classical physics subject
must be based on a learning theory that emphasizes the role that concepts and their interrelationships
play in the meaningful learning process. An instruction based on the organization of the conceptual
structure of physics topics is what is considered ideal, as this is a science with a well-defined conceptual
structure (Chrobak).

We consider that the Theory of Meaningful Learning is a solid and current theory, which is
apparently simple, but of great strength, since it provides all the components that make it possible for the
student to assign significance to what he learns. However, many of these elements have not been correctly
understood by teachers.

As already mentioned, to achieve meaningful learning it is necessary to have several factors: the
student's predisposition to learn, the appropriate subsumers in his cognitive structure, logically
meaningful material, verbal communication and a personal interaction with the new content and the
person who transmits it.

The Theory of Meaningful Learning has important psychological and pedagogical implications,
as it deals with what happens in the classroom and postulates programmatic principles to organize
teaching based on a conceptual analysis of the curricular content, far from linear and simplistic
approaches. This theory is an explanatory reference of great potential and validity that provides
references on essential aspects of cognitive development in the classroom, and specifically in the subject
of classical physics at a pre-university and university level.

As recommendations for future research, new tendencies regarding learning techniques for
physics involve the implementation of new information and communication technologies such as in
mobile learning (m-learning), active learning techniques like problem based learning and interactive
simulation-based learning, the use of artificial intelligence and virtual reality (Roslina et al., 2022; Lai &
Cheong, 2022; Banda & Nzabahimana, 2023; Domenichini et al., 2024; Gumisirizah et al., 2024).
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